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FEMA 259, Engineering Principles and Practices of Retrofitting Flood Prone Residential Buildings
Outline of Errata Changes for 2" Edition (June 2001)

Existing Revised Change(s) Made
Page(s) Page(s)
i i Table of Contents: corrected page numbers in Chapter I; changed “Model Building Codes”
to “National Model Building Codes” in Chapter II
ii il Table of Contents: updated page numbers in Chapter IV
v v List of Figures: added reference to new Figure III-7; updated page numbers in Chapter III
vi vi List of Figures: added references to new Figures IV-27 and IV-31; updated page numbers in
Chapter IV
ix ix List of Figures: added references to new Figures VI-W6 and VI-W7; updated Figure names
and page numbers in Chapter VI-W
Xv XV List of Tables: added reference to new Table II-5, revised names of Tables II-3 and 1I-4, and
updated paged numbers in Chapter II; revised name of Table III-4; added reference to new
Table IV-5, revised name of Table IV-7, and updated page numbers in Chapter IV; revised
names of Tables VI-1 and VI-2, and updated page numbers in Chapter VI; added reference
to new Table VI-D.6, and updated page numbers in Chapter VI-D; updated page numbers in
Chapter VI-F
Xvi xvi List of Formulas: updated page numbers in Chapter VI-F
Xvii xvii List of Formulas: replaced Formula IV-25 with references to IV-25 and IV-26; updated page
numbers in Chapters IV and V
XViii XViii List of Formulas: added reference to new Formula VI-3, deleted Slenderness Ratio Formula
V1-4; updated page numbers in Chapters VI, VI-W and VI-F
X1X Xix List of Formulas: updated page numbers in Chapter VI-F
XXi XX1 Nomenclature: added the word “fresh” to explanations of vy, p; added “A¢— Bearing area of
the footing”
xxii xxii Nomenclature: changed “B — Width of footing™ to “bs, B — Width of footing”
XXiil Xxiii Nomenclature: added “DFE — Design Flood Elevation” and “DDF ~ Expected damage by
flood depth”; deleted D,
XXV XXV Nomenclature: deleted “FPE — Flood Protection Elevation” and “FPL — Flood Protection
Level”; added “FW — Foundation weight”
XXVi XXVi Nomenclature: added hy.yaps, Ke, Ko; changed K, to Ky; moved text from bottom of page xxvi
to top of page xxvii ,
XXVi, Xxvil Nomenclature: changed “Load” in L, to lower case; deleted MDDF; added “NES — National
XXvii Evaluation Service” and “OSW — Overbearing Soil Weight”; moved text from bottom of
page xxvii to top of page xxviil
XXViil xxviii Nomenclature: changed “Soil” in S, to lower case; moved text from bottom of page xxviii to
, top of page xxix
XXIX XXiX Moved text from bottom of page xxix to top of page xxx
XXX XXX Nomenclature: added Z, “W;— Total weight the footing will support” and “W,, — Total
weight the wall will support”
CHAPTER I: Introduction to Retrofitting
1-2 1-2 Updated note to “FEMA-55 (Third Edition): Coastal Construction Manual”
I-2 1-2 Added note with reference to updated benefit/cost analysis
I-6 I-6 1** paragraph, 2" sentence: changed “designated flood protection elevation (FPE)” to
“Design Flood Elevation (DFE)”; added note regarding FEMA 347: Above the Flood:
Protecting Your Floodprone House
1-7 1-7 Updated note resolving different acronym/usage between FEMA Publications: Design Flood
_._._} .| Elevation (DFE), Flood Protection Elevation (FPE), or Flood Protection level (FPL) . .
1-10 I-10 Figure I-5: replaced graphic of structure elevated on posts with photograph
1-11 I-11 Added sentence to end of 3" paragraph: “Jetting and augering piles reduces the uplift
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capacity compared to driven piles.”

I-16 I-16 Table I-2: expanded 4" bullet in the “Advantages” section (define)

I-17 1-17 Added 4™ paragraph updating the dry floodproofing research information (NES)

1-20 1-20 Added note regarding FEMA 348: Protecting Building Utilities from Flood Damage
(reference)

1-22 1-22 Changed caution that levees and floodwalls are allowed under the NFIP, but do not make a
non-compliant structure compliant

1-24 1-24 Figure I-14: improved photo quality to clarify figure

CHAPTERII: Regulatory Framework

Updated graphic on introduction page to include International Building Code (IBC) and
International Residential Code (IRC); changed “Model Building Codes” to “National Model
Building Codes”
Updated chart under Model Building Codes to include National Model Building Codes
including the International Building Codes and NFPA Codes

I1-1 H-i Table of Contents: changed “Model Building Codes” to “National Model Building Codes”

I1-2 -2 Added note with references to FEMA 213, Answers to Questions about Substantially
Damaged Buildings, and FEMA 311, Guidance on Estimating Substantial Damage

I1-3 11-3 Added paragraphs with brief narratives focused on repetitive loss, and possible funding
sources (ICC, HMGP, FMA)

1I-5 1I-5 Figure II-1: increased scale to clarify figure

I1-9 I1-9 Figure II-3: increased scale and text size to clarify figure

I1-12 1I-12 Expanded the X Zone definition to include shaded and un-shaded X

11-17 1I-17 Updated text in 4% paragraph: substantially improved pre-FIRM becomes post-FIRM.

I1-18 1I-18 Expand note to say some states have laws with higher standards than NFIP.

I1-18 1I-18 Introduced the IBC and ASCE standards in last paragraph.

I1-20 1I-20 Added new bullet about restrictions on use of fill (higher standard in some states and
communities)

I1-21 II-21 Replaced page with new text on National Model Building Codes (IBC, IRC, utility codes,
and NFPA codes).

11-22 11-22 Updated text on code compliance with the NFIP

I1-22 11-22 Replaced Table II-3 with a similar table showing National Model Building Codes and Model
Building Codes

II-22 II-22 Converted note to new text on communities that amend the model codes and states that
develop their own building codes. Several states have codes pending, and it is unknown
whether they will be consistent with the NFIP.

11-23 11-23 Deleted caution; modified text and note on Code Compatibility and the NFIP to reflect I-
Codes and need to reconcile with current version of model code.

I1-24 I1-24 Table 11-4: Modified text references and the title of the table to “CODES vs. NFIP
REQUIREMENTS: Items of Inconsistency”; correct “BOCO” should be “BOCA”; added
section for I-Codes.

11-25 Added new Table II-5 containing key NFIP provisions compared to IBC, IRC, ASCE 24-98
and other publications (page 1 of 3)

II-26 Added new Table II-5 containing key NFIP provisions compared to IBC, IRC, ASCE 24-98
and other publications (page 2 of 3)

11-27 Added new Table I1-5 containing key NFIP provisions compared to IBC, IRC, ASCE 24-98
and other publications (page 3 of 3)

CHAPTER III: Parameters of Retrofitting
I11-9 111-9 Deleted note regarding aesthetics concerns
=10 | 1I-10 | Changed caution to text indicating costs derived from FEMA 312. Added fiote listing

additional references for costs to elevate substantially damaged structures.

111-10 11I-10 | Table III-1: updated costs based on FEMA 312 for year 2000; expanded list of assumptions
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1II-11 1I-11 Table III-2: updated costs based on FEMA 312 for year 2000
1-12 I11-12 Tables I1-3: combined with Table I1I-4, updated costs, and added list of assumptions based
on FEMA 312 for year 2000. Added new Table III-4 for wet floodproofing costs based on
FEMA 312 for year 2000.
111-13 1I1-13 Moved text from bottom of page I1I-12 to top of page I1I-13
111-22 H1-22 Added text from top of page III-23 to bottom of page I11-22
111-23 111-23 Added new Figure I1I-7 to illustrate buoyancy forces lifting house off its foundation
111-24 111-24 Changed Figure I1I-7 to Figure I1I-8
I11-27 m-27 Changed figures, text references from “Figures I1I-8 and III-9” changed to “Figures III-9 and
11I-10”
I11-32 111-32 Moved text from bottom of page I1I-32 to top of page I11-33
I11-32 1-33 Added text from bottom of page 111-32 to top of page I11-33
I11-33 111-33 Changed text reference from “Figure III-10” to “Figure III-11”
111-34 111-34 Changed Figure III-10 to Figure III-11
I11-37 11-37 Added text to Erosion Forces section regarding FEMA'’s erosion mapping feasibility study
CHAPTER 1V: Determination of Hazards
IV-i IV-i Table of Contents: added sections on “Time/Duration of Impact” and “Combining Forces”;
updated page numbers
IV-ii IV-ii Table of Contents: updated page numbers
V-2 V-2 Updated note to refer to ASCE 7-98 and ASCE 24-98
V-3 V-3 Added note with language discussing the inaccuracies of converting feet to inches
IV-6 V-6 Revised note to include reference to Coastal Construction Manual
Iv-8 Iv-8 Changed “Flood Protection Elevation (FPE)” to “Design Flood Elevation (DFE)” in Formula
IV-2 and text
V-9 V-9 Changed “FPE” to “DFE” in Formula IV-3
V-9 V-9 Figure IV-7: changed FPE to DFE and adjusted the lowest adjacent ground surface
IvV-11 Iv-11 Figure IV-9: changed “Flood Protection Elevation” to “Design Flood Elevation”
Iv-11 Iv-11 Formula IV-4: added the word “fresh” in the y explanation
Iv-12 Iv-12 Formula IV-5: added reference to Table IV-2 (Column A) under definition of “S”; added
text from page IV-13 to bottom of page IV-12
IvV-13 Iv-13 Figure IV-10: changed “Flood Protection Elevation” to “Design Flood Elevation”; moved
text to bottom of page IV-12
IV-13 IV-13 Table IV-2: increased “S” values for sandy soils (Column A), added notes
IvV-15 Iv-15 Formula IV-6: added reference to Table IV-2 (Column B) under definition of ““S”; added the
word “fresh” in the y explanation
IV-16 IV-16 Changed wording in note to say “may not” instead of “do not”
1V-16 IV-16 Figure IV-11: changed “Flood Protection Elevation” to “Design Flood Elevation”
v-17 Iv-17 Formula I'V-8: added the word “fresh” in the y explanation
IV-18 IV-18 Figure IV-12: added the word “fresh” in the y explanation
Iv-19 Iv-19 Figure IV-13: added the word “fresh” in y explanation; fixed computation error in Fy;¢, Fy
Iv-20 Iv-20 Added note regarding assumption of slab-on-grade construction for hydrodynamic force
discussion
IV-20 IV-20 Figure IV-14: changed FPE to DFE and “h” to “H” in figure
IV-21 Iv-21 Table IV-4: changed “b/h” to “b/H”
Iv-21 v-21 2! paragraph text: changed “b/h” to “b/H” and “(h)” to “(H)”; clarified definition of H
v-22 Iv-22 Formula IV-10: added the word “fresh” in the y explanation
1vV-22 1v-22 Expanded note to include sketch showing application of forces
Iv-23 Iv-23 Figure IV-15: added the word “fresh” in the y explanation; deleted “h” from list of variables;
. R changed “b/h” to “b/H”.. e
v-24 IV-24 | Figure IV-16: added the word “fresh” in the Y explanatlon deleted “h” from llst of varlables

changed “b/h” to “b/H”; fixed error in computation of b/H, Fy
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IvV-25 IV-25 Formula 1V-12: added the word “fresh” in the p explanation
1v-27 1v-27 Figure 1V-17: added the word “fresh” in the p explanation; changed “b/h” to “b/H”
IV-28 1V-28 Figure IV-18: added the word “fresh” in the p explanation; changed “b/h” to “b/H”
1vV-29 IvV-29 Added note Reference to Coastal Construction Manual for information on impact loads
IV-30 Iv-30 Changed text in 1** sentence from “ice blocks, logs, or floating objects” to “debris or floating
objects”; added note on reduction of velocities for large debris objects
1vV-31 Added new text from Coastal Construction Manual regarding time/duration of debris impact
1V-31 Added new Table IV-5 on impact durations for use in Formulas IV-14 and IV-15
IV-31 IV-32 Changed page number
IvV-32 IV-33 Changed page number
IvV-33 1V-34 Changed page number
IV-34 IV-35 Changed page number
IV-35 IV-36 Changed page number
1V-36 1v-37 Changed page number
1V-37 1V-38 Changed page number
IV-38 V-39 Changed page number
V-39 1V-40 Changed page number
IV-40 IV-41 Changed page number
1vV-41 1V-42 Changed page number
1V-42 1V-43 Changed page number
IV-43 IV-44 Changed page number
IV-44 IV-45 Changed note reference from “Table IV-5" to “Table IV-6”
IV-45 1V-46 Changed Table IV-5 to Table IV-6
1V-46 1v-47 Changed page number
1V-47 IV-48 Changed page number
1V-48 1V-49 Added note referencing Coastal Construction Manual and ASCE 7-98
IV-50 Added new text from the Coastal Construction Manual to expand discussion on wind design
Iv-49 IvV-51 Modified text in 1% paragraph to discuss IBC, ASCE 7-98; added text to last paragraph
referencing BPAT reports from Hurricanes Andrew, Iniki, Opal, Fran and Georges
1V-52 Added new Figure 1V-27 containing wind speed map from ASCE 7-98 (page 1 of 2)
IV-53 Added new Figure IV-27 containing wind speed map from ASCE 7-98 (page 2 of 2)
IV-50 IV-54 Expand top note referencing BPAT reports from Hurricanes Andrew, Iniki, Opal, Fran and
Georges; update bottom pote to include ASCE 7-98 reference
IV-50 IV-54 Changed text references from “Figures IV-27 and IV-28” to “Figures IV-28 and IV-29”
IV-51 IV-55 Changed Figure IV-27 to Figure IV-28
IV-52 IV-56 Changed Figure IV-28 to Figure IV-29
IV-52 IV-56 Updated note to include reference to ASCE 7-98 and ASCE 24-98
Iv-52 IV-56 Moved 1% paragraph to bottom of page IV-54, and inserted new text and note on combining
forces
IV-53 IV-57 Changed page number
IV-54 IV-58 Changed page number
IV-55 IV-59 Changed page number
IV-56 IV-60 Changed text reference from “Figure IV-29” to “Figure IV-30”; added text referencing new
Figure IV-31
Iv-57 IvV-61 Changed Figure IV-29 to Figure IV-30: changed “Potential Front Action” to “Potential Frost
Action”
IV-62 | Added new Figure IV-31 showing an example of a filled out geotechnical decision matrix
IvV-58 IV-63 Added the word “allowable” before the words “bearing capacities” to section title and 1%
sentence of 2™ paragraph; expanded note to include reference to FEMA 347; changed text
o .| reference from “Table IV-6 to “Table IV-7" T
IV-59 IV-64 | Changed Table IV-6 to Table IV-7 and “Bearing Pressure” to “Allowable Bearing Capacity”
IV-60 IV-65 | Changed text references from “Figures IV-30 and IV-31" to “Figures IV-32 and IV-33”
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IV-61 IV-66 Changed Figure 1V-30 to Figure IV-32
IV-61 1V-66 Changed Figure IV-31 to Figure IV-33
IV-62 IV-67 Changed page number
IV-63 1V-68 Changed figure, text reference from “Figure IV-32” to “Figure IV-34”
IV-64 IV-69 Replaced scour equation (Formula IV-25) with Formulas IV-25 and IV-26, note and caution
from Coastal Construction Manual; changed “Figure IV-33” to “Figure IV-35”
IV-65 IvV-70 Last paragraph of existing page IV-64 now moved to revised page IV-70; changed Table IV-
7 to Table IV-8; changed text reference from “Figure IV-34” to “Figure IV-36"
IV-66 IV-71 Changed figure, text reference from “Figure IV-34” to “Figure IV-36”
V-67 IV-72 Changed figure, text reference from “Figure IV-35” to “Figure IV-37”
1V-68 IV-73 Changed page number
IV-69 1vV-74 Changed formula, text references from “Formula IV-26” to “Formula IV-27"; changed text
references from “Table IV-8” to “Table IV-9”
IV-70 IV-75 Changed page number
IV-71 IV-76 Changed Table IV-8 to Table IV-9
CHAPTER V — Benefit/Cost Analysis and Alternative Selection
V-1 V-1 Updated text to reflect new BCA module on CD ROM and changed “maximum present
value” to “net benefit”
V-2 V-2 Delete 1* paragraph, and change “whether or not” to “whether” in 2™ sentence of 3™
paragraph
V-3 V-3 1% paragraph: deleted reference to FIRM in 2™ sentence and delete 3™ sentence.
3™ paragraph: changed “presented in Appendix E” with “included in this publication”
V-4 V-4 Updated note to reflect new computer requirements and reference BCA modules; simplified
last paragraph of text on ranking of alternatives
V-5 V-5 Updated last sentence of 2™ paragraph on reference to FEMA’s BCA program
V-6 V-6 2" paragraph: changed end of last sentence from “elevation relationship.” to “elevation.”
V-7 V-7 Changed top note to referencing FEMA’s Map Service Center to include website address.
V-7 V-7 2™ paragraph: changed “gaging” to “gage” in 3" sentence. Updated last two paragraph
references to riverine and coastal flood zones, added reference to NAVDSS.
V-8 V-8 Edited 1¥ paragraph and deleted 2™ paragraph on discussion of annual exceedence
probabilities
V-9 V-9 Replaced 2" paragraph regarding flood depth to damage curves derived from FIA data
(Figure V-5)
V-10 V-10 Replaced Figure V-5 with new combined table containing building and contents damage
functions from Excel BCA modules
V-11 V-11 Updated text reference to flood depth (-2 to >8 feet vs. -2 to 18 feet); edited last paragraph
text on expected annual damages
V-12 V-12 3" paragraph: deleted “the damage before mitigation and on” from 1 sentence; changed
“benefit/cost ratio” to “benefit/cost” in last sentence
V-13 V-13 1° paragraph: deleted “designer’s/homeowner’s” from last sentence. 4™ bullet: changed
“benefit/cost ratios” to “net benefits (benefits minus costs)”. 5% bullet: “study”, “alternative”
and “estimate” should be plural. 6™ bullet: “model”, “figure” and “estimate” should be
plural; change “ratios” to “net benefits”.
V-14 V-14 1% paragraph: updated reference to BCA software. 1% bullet: updated RENT description
V-15 V-15 Formula V-2: changed MDDF to DDF in formula and 1% bullet text
V-15 V-15 Formula V-3: modified wording of ECD description
V-16 V-16 Formula V-4: changed wording of DIS and DD in formula and 1* bullet text
V-16 V-16 Formula V-5: modified wording of DD description
V17 | V-17 | Formula V-7: changed AVD from “(SCDXEAE)EFE)” o “(AD)(EFF)” in formula and
second bullet text -
V-18 V-18 Updated bullet reference to Appendix E and flood depth (-2 to >8 feet vs. -2 to 18§ feet)
V-19 V-19 Updated note on reference to BCA program. 5" paragraph: deleted “maximum present
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value” from 1% sentence.

V-22 V-22 1% paragraph: changed 1* sentence from “fairly evaluate a number of” to “evaluate”

V-24 V-24 Alternative 1 Results, 2™ paragraph: deleted “or not” from last sentence.

V-25 V-25 1 paragraph: deleted “or not” from 1 sentence. 2™ paragraph: changed “cost and
benefit/cost ratio” to “economic analysis” in last sentence. Deleted 1* bullet; changed 2™
bullet from “Benefit/Cost Ratio” to “Net Benefits”

V-25 V-25 Figure V-8: deleted 1% bullet; changed 3™ bullet from “Benefit/Cost Ratio” to “Net
Benefits”; added bullet labeled “Aesthetics” after “Technical Feasibility”

V-26 V-26 Moved “Technical Feasibility” bullet from top of page V-26 to bottom of page V-25;
updated preference scale factor descriptions in 1% paragraph.

V-27 V-27 Figure V-9: deleted “PW Benefits” column, changed “B/C Ratio” column to “Net Benefits”,
and updated total scores

V-30 V-30 2 paragraph: changed “the extreme case” to “an extreme case” in last sentence; added text
from top of page V-31

V-31 V-31 Moved text from top of pages V-32 and V-33 to bottom of page V-31

V-32 V-32 Figure V-11: increased size of figure; moved text above figure to bottom of page V-31

V-33 Deleted page — text moved to bottom of page V-31

CHAPTER VI — General Design Principles
VI-i VI-i Table of Contents - General Design Practices: changed “Footings” to “Bearing Capacity of
Footings” and “Bearing Capacity” to “Bearing Capacity of Foundation Wall”
VI-ii VI-i Table of Contents - Elevation: updated page numbers in Construction Considerations Section
VI-v VI-v Table of Contents — Wet Floodproofing: revised section headings and page numbers
VI-vi, vii, VI-vi Table of Contents — Wet Floodproofing: revised section headings and page numbers;
viii Floodwalls: moved section contents from pages VI-vii and VI-viii to VI-vi

VI-viii VI-vii Table of Contents — Levees: moved section contents from page VI-viii to VI-vii

VI-viii Deleted page

VI-3 VI-4 Moved text from bottom of page VI-3 to top of page Vi-4

VI-6 VIi-6 Figure VI-2: clarified figure to include water, electrical, cable/TV features; changed “BFE”
to “DFE”

VI-7 VI-8 Moved text from bottom of page VI-7 to top of VI-8

VI-16 VI-16 Added note to identify modes of building failure (footings/connections) and to explain how
this section should be used

VI-16 VI-17 Moved text from bottom of page VI-16 to top of page VI-17

VI-19 VI-19 Figure VI-3: revised figure to more clearly show loads and reactions

VI-20 VI-20 | Updated first note; heading: changed “Footings” to “Bearing Capacity of Footings”; Formula
VI-1: added “See Table VI-2”; Formula VI-2: changed “A” to Af”; changed “S” to “Sy.”;
added the word “allowable” before the words “soil bearing capacity”; added words “See
Table VI-2”

VI-21 VI-21 Added new Formula VI-3 defining bearing capacity of existing strip footing; changed
Formula VI-3 to Formula VI-4; added note showing footing and downward (gravity)
loading; added note referencing ACI 530 and local codes for design; heading: changed
“Bearing Capacity” to “Bearing Capacity of Foundation Wall”; Formula VI-4: corrected
formula by removing slenderness ratio; changed “W” to “W.”; clarified definition of “A”

VI-22 Vi-22 Updated note; deleted Formula VI-4; added an example

VI-23 VI-23 Added note with reference to ACI 530; added note with reference to the 2000 International
Building Code; revised Table VI-1 to show bearing capacity for masonry walls; revised
Table VI-2 to show soil bearing capacity

VI-24 VI-24 Step 2, 1¥ paragraph deleted the introductory clause of 1* sentence, deleted last sentence

VI-24, 25 VI-24 | Step 2, 2" paragraph: deleted paragraph from body of the text, revised and added the
R R information as a new note -
VI-25 VI-24 Step 2, last paragraph: deleted paragraph from body of the text and placed as a note to

reduce confusion
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VI-27 VI1-27 Added note with reference to ASCE 7

VI1-28 VI-28 Moved “Total Weight” at bottom of column (4) to column (1) and changed to bold type

VI-30 VI-29 Moved text from top of page VI-30 to bottom of page VI-29

VI-30 VI1-30 Revised paragraph above Formula VI-6 to remove confusion

VI-31 VI-30 Moved Formulae VI-7 , VI-8, and the paragraph between them from page VI-31 to VI-30

VI-31 VI-31 Enlarged Figures VI-7 and VI-8 to show column, wall, girder tributary areas more clearly

VI-33 VI-33 Revised Formula VI-10 to address overbearing soil weight and foundation weight mentioned
in Step 4

VI-34 VI-34 Updated “ASCE 7-95” to “ASCE 7-98” in note and in 1% sentence of “Load Combination
Scenarios”; 2™ paragraph: changed 1% word from “Model” to “International” and deleted
“(BOCA, ICBO, SBCCI, CABO)” from 1* sentence and added “(IBC and IRC)”

VI-34 VI-35 Moved the word “designer” from the bottom of page VI-34 to the top of page VI-35

VI-35 VI-35 Updated “ASCE 7-95” to “ASCE 7-98” in 1*' and last paragraphs; changed symbol for Roof
Live Load from L;to L,

VI-36 VI1-36 Updated the six equations listed under “Strength Design Method” using seven equations
from ASCE 7-98; 2™ paragraph: added “1” after the word “Exception”; added paragraph
discussing a 2™ exception; updated last paragraph to add ASCE 7-98 flood load information

VI-37 VI-37 Added sentence to the end of 1% paragraph for reference; updated the four equations listed
under “Allowable Stress Method” using the five equations from ASCE 7-98; added
paragraph after the 2" paragraph discussing ASCE 7-98 flood load information

VI-37 VI-38 Moved text from bottom of page VI-37 to top of page VI-38; separated this paragraph to
create a new paragraph for clarity

CHAPTER VI-E - Elevation

VI-E.i VI-E.i Table of Contents - Elevation: updated page numbers in Construction Considerations Section

VI-E.6 VI-E.6 | Figure VI-E4: changed “100-year flood level” to “DFE”; added anchor bolts; corrected color
block in legend

VI-E.9 VI-E.9 | Figure VI-E7: changed “100-year flood level” to “DFE”; added anchor bolts; corrected color
block in legend

VI-E.13 VI-E.13 | Figure VI-E10: changed “100-year flood level” to “DFE”; added anchor bolts

VI-E.14 VI-E.14 | Figure VI-E11: changed “100-year flood level” to “DFE”; added anchor bolts; corrected
color block in legend

VI-E.21 VI-E.21 | Figure VI-E16: changed “100-year flood level” to “DFE”; corrected color block in legend;
updated shading in figure

VI-E.24 VI-E.24 | Figure VI-E19: changed “100-year flood level” to “DFE”; moved “Existing concrete slab”
text and arrow from shaded area

VI-E.27 VI-E.27 | Figure VI-E22: changed “100-year flood level” to “DFE”

VI-E.30 VI-E.30 | Figure VI-E24: added the word “Combinations” after the words “Calculate Gravity Load”
and after the words “Calculate Lateral Load” in second graphic box; changed text from
“Truss” to “Roof Framing” in third graphic box

VI-E.34 VI-E.34 | Updated note for IBC/IRC and ASCE 7-98

VI-E.35 VI-E.35 | Updated note for ASCE 7-98

VI-E.38 VI-E.38 | Updated “American Plywood Association” name to “Engineered Wood Association”; 4t
paragraph, heading: changed “Truss” to “Framing”; 4™ paragraph, 1* sentence: changed
“trusses and truss” to “framing”

VI-E.39 VI-E.39 | Updated “American Plywood Association” name to “Engineered Wood Association”;
updated note for the National Evaluation Service (NES)

VI-E 40 VI-E.40 | Updated “American Plywood Association” name to “Engineered Wood Association”

VI-E.42 VI-E.42 | Revised last paragraph to discuss appropriate load combination and design methods used.

VI-E .46 VI-E.46 | Sample Elevation Calculation: changed flood zone “A4” to “AE”; added requlrement for I’

s freeboard; labeled 1’ roof overhang and adjusted elevations on drawing - S S
VI-E .47 VI-E.47 | Sample Elevation Calculation: updated wind and seismic load requirements per ASCE 7-98

and 2000 IBC; adjusted elevations on drawing
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VI-E .48 VI-E.48 | Sample Elevation Calculation: changed calculation page number

VI-E.49 VI-E.49 | Sample Elevation Calculation: changed H to 5’ for freeboard; revised buoyancy calculation

VI-E.50 VI-E.50 | Sample Elevation Calculation: changed calculation page number

VI-E.51 VI-E.51 | Sample Elevation Calculation: changed calculation page number

VI-E.52 VI-E.52 | Sample Elevation Calculation: updated dead load calculation to include footing and slab
weight; revised buoyancy force vs. structure weight check

VI-E.53 VI-E.53 | Sample Elevation Calculation: revised hydrostatic forces to account for freeboard

VI-E.54 VI-E.54 | Sample Elevation Calculation: updated total flood force on building face upstream; deleted
sliding check

VI-E.55 VI-E.55 | Sample Elevation Calculation: revised normal impact force based on impact duration;
revised wind load calculations per ASCE 7-98

VI-E.56 VI-E.56 | Sample Elevation Calculation: revised wind load calculations and sketches per ASCE 7-98

thru 59 thru 59 (MWEFRS and Components and Cladding)

VI-E.59 VI-E.60, | Sample Elevation Calculation: revised seismic load calculations per 2000 IBC and wind load

thru 62 61, 62 calculations per ASCE 7-98

VI-E.63 VI-E.63, | Sample Elevation Calculation: updated wind and seismic forces perpendicular and parallel to
thru 66 64 the long direction
VI-E-65, | Sample Elevation Calculation: added check of load combinations per ASCE 7-98 (ASD);
66 added checks for overturning, sliding, and uplift buoyancy
VI-E.67, | VI-E.67, | Sample Elevation Calculation: updated check of existing foundation based on revised dead
68 68 load and load combinations from ASCE 7-98
VI-E.68 VI-E.69 | Sample Elevation Calculation: updated design of new foundation wall per ACI 530-99 and
thru 78 thru 76 | IBC
VI-E.78 | VI-E.76, | Sample Elevation Calculation: updated design of top wall connection per ACI 530-99

thru 81 77

VI-E.81 VI-E.78, | Sample Elevation Calculation: updated sample details for revised design

thru 89 79, 80

VI-E.90 VI-E.81 | Changed page number

VI-E.91 VI-E.82 | Changed page number

VI-E.92 VI-E.83 | Changed page number

VI-E.93 VI-E.84 | Changed page number

VI-E.9%4 VI-E.85 | Changed page number

CHAPTER VI-R — Relocation
VI-R.3, 4 VI-R.3 | Updated note to include web site address; moved text from top of page VI-R.4 to bottom of
page VI-R.3
CHAPTER VI-D — Dry Floodproofing

VI-D.6 VI-D.6 | Figure VI-D2: changed “Flood Protection Elevation (includes freeboard)”, to “Design Flood
Elevation”, added depiction of maximum height and the words “Maximum Height = 3’

VI-D.7 VI-D.7 Figure VI-D3: deleted “1’ Freeboard” and “Flood Elevation”, changed “Flood Protection
Elevation (Includes Freeboard)” to “Design Flood Elevation”, added depiction of maximum
height and the words “Maximum Height = 3°"

VI-D.8 VI-D.§ | Figure VI-DS5: deleted “Flood Elevation” and “1° Freeboard”, changed “Flood Protection
Elevation” to “Design Flood Elevation”, added depiction of maximum height and the words
“Maximum Height = 3"”

VI-D.9 VI-D.9 | Figure VI-D6: added depiction of maximum height and the words “Max. Height = 3°”, added
words “Design Flood Elevation”; Figure VI-D7: added depiction of maximum height and the
words “Maximum Height = 3°”, added the words “Design Flood Elev.”

VI-D.10 | VI-D.10 | Figure VI-D.8: changed floor dram to connect to sewer lme changed “FPE” to “DFE”
CVI-DU1L F VISDOt | Figure VI-D.S: changed*“FPE™to*DFE” e ' SR A

VI-D.12 VI-D.12 | Changed “FPE” to “DFE” in 6" bullet

VI-D.13 VI-D.13 | Added the words “or NES” at end of note
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VI-D.17 VI-D.17 | Figure VI-D.11: adjusted figure, added note
VI-D.20 | VI-D.20 | Step 6, b.5: changed the L in Loads to lower case, clarified pathway out of structure
VI-D.33 VI-D.34 | Moved the words “of the” from bottom of page VI-D.33 to top of page VI-D.34
VI-D.51 VI-D.51 | Added note regarding the building code requirements for maximum height of unbalanced fill
VI-D.53 VI-D.53 | Separated paragraph into two paragraphs; edited 2" sentence in 1% paragraph for clarity
VI-D.59 VI-D.59 | Revised last sentence in 1¥ paragraph to say *“1/4 horsepower” instead of “1/6 horsepower”
VI-D.66 | VI-D.66 | Edited text in second bullet to include pipe transitions
VI-D.66 VI-D.66 | Formula VI-D1: changed “D,” to “Z” and added “hy.q,,s” to formula, descriptions
VI-D.67 VI-D.67 | Edited text in first paragraph include pipe transitions; added caution listing assumptions used
in formula
VI-D.67 VI-D.67 | Formula VI-D2: changed formula to compute “hy gging T herans”’; changed “K,” to “Ky,”; added
entrance and exit loss coefficients, descriptions
VI-D.68 VI-D.68 | Updated sample calculations to account for revised formulas
VI-D.76 | VI-D.76, | Moved text from bottom of page VI-D.76 to top of page VI-D.77
77
VI-D.80 | VI-D.81 | Moved the word “chief” from the bottom of page VI-D.80 to top of page VI-D.81
VI-D.84 | VI-D.84 | Added clarification in the note at the bottom of Table VI-D3 to identify that many appliances
cycle on and off
CHAPTER VI-W - Wet Floodproofing
VI-W.i,ii | VI-W.i [ Table of Contents — Wet Floodproofing: revised section headings and page numbers
VI-W.1 VI-W.1 | Changed “FPE” to “DFE”
VI-W.3 VI-W.3 | Changed “#7-93” to “7-93”
VI-W 4 VI-W.4 [ Changed “#1-93” to “1-93” in note; changed “FPE” to “DFE” in heading, 1* paragraph of
text
VI-W.4 VI-W.4 | Figure VI-W1: changed “BFE” to “DFE”
VI-W.5,6 | VI-W.5 | Moved entire text and notes from page VI-W.6 to VI-W.5
VI-W.7,8 | VI-W.6 | Changed page number; moved entire text from pages VI-W.7 and W.8 to VI-W.6; deleted
the word “FLOOD” in the heading before the last paragraph
VI-W.9 VI-W.7 [ Changed “SERVICE EQUIPMENT” to “UTILITY SYSTEMS?” in the main heading and
note; added new note to reference FEMA 348; changed “RELOCATION” heading to
“ELEVATION?”; edited the two paragraphs under the new “ELEVATION” heading
VI-W.10 VI-W.8 | Deleted bullet item from list; replaced Figure VI-W4 with a more clear graphic; added new
note referencing local code requirements
VI-W.11 VI-W.9 | Deleted “Wet Floodproofing” from 2™ paragraph; changed “FPE” to “DFE” in second
bullet; edited text for 3 bullet; added new note showing basic protection process
VI-W.12, | VI-W.10, | Replaced Figure VI-W5 with an updated worksheet
13 11,12
VI-W.14 | VI-W.13 | Edited 1" paragraph; added graphical representation of design process; revised bullet list
items
VI-W.15 Deleted page
VI-W.16 Deleted page
VI-W.17 Deleted page
VI-W.18 Deleted page
VI-W.19 | VI-W.14 | Deleted bullet items at top of page; changed the words “energized”, “de-energized”, and
“overcurrent” to “active”, “inactive”, and “overload”, respectively, in 1* paragraph; changed
“FPE” to “DFE” in 1* bullet; deleted clause at end of 3 bullet; replaced “ground fault
circuit interceptors” with “Ground Fault Interrupting Circuit (GFIC) breakers” in last bullet
item; replaced “de-energize” with “deactivate” in last bullet item
VI-W.20, | VI-W.15 | Replaced “FPE” with “DFE” in 1* paragraph and in bullet items; edited 4™ and 7% bullet
210 7 items; moved bullet items from bottom of page VI-W.20 and top of page VI-W.21to bottom
of page VI-W.15; added new note referencing telephone and cable TV systems
VI-W.21 Deleted 2™ bullet item listed; deleted 1% paragraph and all bullet items following it

FEMA 259 Errata

Page 9 of 12




VI-W.22 | VI-W.16 | Changed heading name from “CENTRAL HEATING SYSTEM ALTERNATIVES” with
“HEATING, VENTILATING, AND AIR CONDITIONING (HVAC) SYSTEMS”; edited
1* paragraph; revised bullet items following 1* paragraph; deleted note; added new note
regarding ductwork
VI-W.23 | VI-W.16 | Moved note from page VI-W23 to page VI-W16 and edited it
VI-W.23 Deleted page
VI-W.24 Deleted page
VI-W.25 Deleted page
VI-W.26 Deleted page
VI-W.27 Deleted page
VI-W.28 Deleted page
VI-W.29 Deleted page
VI-W.30 | VI-W.17 | Deleted sentence at top of page and the following five bullet items; changed heading name
from “Fuel Supply/Storage Applications” to “FUEL SUPPLY/STORAGE SYSTEMS’*;
edited 1* paragraph; revised bullet items following 1% paragraph
VI-W.32 | VI-W.17 | Moved “WATER SYSTEMS?” heading from page VI-W.32 to page VI-W.17; revised 1%
paragraph following the heading
VI-W.31 Deleted page
VI-W.32 Deleted page
VI-W.33 Deleted page
VI-W.34 | VI-W.18 | Added bullet items at top of page; added new Figure VI-W6; moved “SEWER SYSTEMS”
heading from page VI-W.34 to page VI-W.18; revised 1* paragraph following the heading;
added note referencing pipe and tank protection
VI-W.35 | VI-W.18 | Moved note from page VI-W.35 to page VI-W.18
VI-W.35 Deleted page
VI-W.36 | VI-W.19 | Deleted the two paragraphs; added new Figure VI-W7; deleted page VI-W.36
VI-W.36 | VI-W.20 | Moved note from page VI-W.36 to page VI-W.20 and edited it; moved Formula VI-W1
from page VI-W.36 to VI-W.20 and edited it; added new note regarding “topping off” tanks;
added new note referencing FEMA 348; added “Calculation of Buoyancy Forces” heading at
top of page
VI-W.37 | VI-W.21 | Edited Formula VI-W2; deleted “TELEPHONE SYSTEMS” heading and the two
paragraphs following it; added “CONSTRUCTION/IMPLEMENTATION” heading and two
paragraphs following it
VI-W.38 Deleted page
VI-W.39 Deleted page
VI-W .40 Deleted page
CHAPTER VI-F - Floodwalls
VI-F.1 VI-F.1 | Revised note about floodwalls to address compliance
VI-F.2 VI-F.2 | Revised note to reference NFIP regulations
VI-F.2 VI-F.2 | Figures VI-F1 and VI-F2: lightened images for clarity
VI-F.3 VI-F.3 | Figures VI-F3 and VI-F4: changed “FPE” to “DFE”
VI-F 4 VI-F.4 | Figure VI-F5: changed “FPE” to “DFE”
VI-F.5 VI-F.5 | Figure VI-F6: changed “FPE” to “DFE”
VI-F.6 VI-F.6 Figure VI-F7: changed “FPE” to “DFE”
VI-F.8 VI-F.8 | Figure VI-F9: changed “FPE” to “DFE”
VI-F.12 VI-F.12 | Figure VI-F11: changed “FPE” to “DFE”
VI-F.13 VI-F.13 | Figure VI-F12: changed “Flood Protection Elevation” to “DFE”
VI-F.13 VI-F.13 | Updated text in 1* paragraph, second sentence on reducing seepage pressures
VI-F.16 VI-F.16 | Figures VI-F14, VI-F15 and VI-F16: changed “FPE” to “DFE”
VI-F.19 VI-F.19 | Figure VI-F17: changed “FPE” to “DFE”
VI-F.35 VI-F.35 | Figure VI-F18: Added “DFE”
VI-F.52 VI-F-52 | Revised caution to reference the Engineered Wood Association guidelines
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VI-F.56 VI-F.56 | Figure VI-F21: relocated roof downspout outside of patio drainage area
VI-F.57 VI-F.57 | Figure VI-F22; relocated roof downspout outside of patio drainage area
VI-F.59 VI-F.59 | Figure VI-F26: changed “FPE” to “DFE”
CHAPTER VI-L — Levees
VI-L.1 VI-L.1 Revised note about levees to address compliance
VI-L.12 VI.L.12 | 2™ paragraph: changed “(based on 1985 prices)” to “(in 2000 dollars)”, added the words “in
1985” before the words “to protect”; Table VI-L.2: updated costs, changed row name from
“Strip Topsoil” to “Strip Topsoil & Clear & Grub”, changed row name from “Total First
Cost” to “Total Cost”
VI-L.13 VI-L.13 | Changed header name from “Seepage Concerns” to “Cost”; revised Table VI-L3 to clarify
items and to update costs and units
APPENDIX A - National Flood Insurance Program
A-2 A-2 Revised date referenced in note; updated cost information in the hypothetical example
A-3 A-3 Updated cost information in text
A-4 A-4 Figure A-1: updated costs and the date referenced at bottom of the figure
A-S A-5 Figure A-2: updated costs and the date referenced at bottom of the figure; 1* paragraph, 1st
sentence: updated cost
APPENDIX B — Glossary of Terms
B-1,2 B-1 Moved “Caulking” from top of page B-2 to bottom of page B-1
B-2 B-2 Added “Design Flood Elevation (DFE)”
B-3,4 B-3 Moved “Flood Depth” from top to page B-4 to bottom of page B-3
B-5 B-5 Deleted “Flood Protection Elevation”
B-5, 6 B-5 Moved “Interior Grade Beam” from top to page B-6 to bottom of page B-5
APPENDIX C - Glossary of Resources
C-3 C-3 Deleted hyphens in “FEMA-114" and “FEMA-54" in 3™ and last text paragraphs,
respectively
C-4 C-4 Deleted hyphen in “FEMA-102” in 1% paragraph; updated publication description of
“Coastal Construction Manual”, FEMA 55, in 2™ paragraph; added paragraphs for
publication descriptions of FEMA 312, FEMA 347 and FEMA 348
C-4 C-5 Moved text from bottom of page C-4 to top of page C-5
C-16 C-16 Changed heading from “FEMA REGIONAL OFFICES” to “FEMA OFFICES” and updated
list of offices based on information from the Coastal Construction Manual
C-17 Added new page to list “INFORMATION SOURCES?” taken from the Coastal Construction
Manual
C-18 Added new page to list “INFORMATION SOURCES” taken from the Coastal Construction
Manual including link to NFPA
C-17 C-19 Changed page number
C-18 C-20 Changed page number
C-19 C-21 Changed page number
C-20 C-22 Changed page number, moved text from bottom of page C-20 to top of C-23
C-21 C-23 Changed page number, added reference to FEMA 347-VT
C-22 C-24 Changed page number
C-23 C-25 Changed page number
C-24, 25 C-26 Changed page number; moved text from top of page C-25 to bottom of page C-26
C-25, 26 C-27 Changed page number; moved text from top of page C-26 to bottom of page C-27
__C-26 C-28 | Changed page number
C-27 C-29 Changed page number
C-28 C-30 Changed page number
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APPENDIX D - Alluvial Fan Flooding
D-8 D-8,9 Moved text from bottom of page D-8 to top of page D-9
D-19 D-18 Moved text from top of page D-19 to bottom of page D-18
D-20 D-19 Moved text from top of page D-20 to bottom of page D-19
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FOREWORD

The riverine and coastal floodplains of the United States are among the most highly desirable
arcas in the nation for habitation and construction. Unfortunately, many of these areas are very
susceptible to flooding, which is the single most expensive and persistent natural disaster the
country experiences. Flooding causes millions of dollars in property damage each year, despite
concentrated efforts of government and the private sector to mitigate flood hazards.

The National Flood Insurance Program (NFIP) was created in 1968 by the Congress not only to
provide federally-backed flood insurance to those who generally were not able to obtain it from
private-sector companies, but also to promote sound floodplain management practices in flood-
prone areas. The floodplain management aspects of the program are administered by the Mitiga-
tion Directorate and the insurance aspects are administered by the Federal Insurance Administra-
tion (FIA), both parts of the Federal Emergency Management Agency (FEMA), under the author-
ity of the National Flood Insurance Act of 1968 and the Flood Disaster Protection Act of 1973,

U.S.C. 4001-4128, as amended.

ol

Figure v-

1: Flooding along major rivers can create widespread damage.

One NFIP mission is to work with communities to reduce future flood losses by establishing
guidelines for protecting existing and new development in tflood-prone areas. The program makes
flood insurance coverage available for structures in those communitics that adopt and enforce
floodplain management ordinances and regulations that meet or exceed the minimum NFIP
requirements as provided for in Section 44 of the Code of Federal Regulations (44 CFR). Cover-
age is available for walled and roofed structures that are principally above ground and not en-
tirely over water, including manufactured homes that are anchored to permanent foundations.
Flood insurance is available for all structures in a participating community, whether the struc-
tures are located inside or outside the floodplain identitied by FEMA.

Owners who have experienced flooding know that complete recovery is often impossible. In
addition to the time and money spent repairing or replacing damaged items, they must also deal

XXXi



with cleaning property, alleviating health risks and safety hazards, losing time from work, finding
alternative housing, and the emotional toll of the experience. Responding to flood events also
depletes resources at every level of government. Human resources and capital must be diverted
to providing emergency services, rebuilding public facilities, financing individual assistance for
uninsured victims, and to other efforts. In the Great Midwest Flood of 1993, for example, FEMA
estimated damage costs exceeded $10 billion. '

Many of the flood insurance claims received by the NFIP are for structures that have previously
incurred flood damage. Structures for which two or more claims of more than $1,000 each have
been paid during the previous ten-year period are considered to be repetitive loss structures
according to the NFIP. Most repetitive loss claims are for small amounts and involve structures
built before NFIP-compliant floodplain management regulations were adopted by the community.
However, owners have the option of taking steps to reduce the likelihood of serious future flood
damage. Retrofitting individual flood-prone structures is a proven technology that has been in

use for many years.

If a flood-prone structure is substantially damaged, certain criteria established by the NFIP must
be met prior to the initiation of any repair activity. Specifically, NFIP regulation 44 CFR
60.3(c)(2) requires communities to ensure that substantially damaged or improved residential
structures be elevated so that the lowest floor is at or above the Base Flood Elevation, (BFE),
also known as the 100-year flood level. “Substantially damaged” is defined as damage of any
origin sustained by a structure whereby the cost of restoring the structure to its before-damaged
condition would equal or exceed 50% of the value of the structure before the damage occurred.

Given the potential cost of recovering from a serious flood event and meeting the NFIP’s criteria
for restoring substantially damaged property, the owner of a flood-prone home has an incentive to
undertake retrofitting measures to limit future flood damages. FEMA and the other contributing
agencies and organizations have developed this manual to provide engineering and related
economic guidance to professional designers and local officials about what constitutes techni-

cally feasible and cost-effective retrofitting techniques.

However, the guidance provided in this manual should be considered generic in nature, subject to
final refinement in accordance with local regulations and specific site and structural conditions.

It is not intended to be used as a code or specification, nor as a replacement for the engineer’s or
architect’s standard of performance. Through the information and analyses presented in this
manual, local officials, and design professionals will gain a better understanding of the advan-
tages of retrofitting and may choose to take steps that could ultimately save the nation millions of

dollars each year.
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METRIFICATION

FEMA is committed to the federal government’s trarm == B € 1ON 1O TT X «—— XX
units remain the standard of practice for residential ¢ €™ s traucti o _ 1
has been prepared using English units.

However, it is foreseeable that the metric system wil 1. f—w. thestax = «<— 1=
this country within the next few years. Withthisin e rm ® zad, soft = «==t€"
been provided to promote familiarity with the metricc = = Sterm.

A critical component of unit conversion is rounding.. M Designer=ss == I
that rounding does not exceed allowable tolerances Feacow 1~ cdesigm «o>=x— K=

Metric Conversion I === «— toOTrs

Quantity From English Units To Metra e— LB nits
Length foot (m)
inch (mm)
Area square foot m?2
acre m?
Volume gallon L
cubic foot m3
Pressure psf Pa
psi kPa
Power horsepower kW
W
Weight pounds kg
Flow cfs Ips
Velocity fps mps
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How to Use This Manual

HOW TO USE THIS MANUAL

P o

Other flood-related technical
resources are available through
federal agencies such as FEMA,
the U.S. Army Corps of Engineers,
and the Natural Resources Conser-
vation Service, as well as state,
regional, and local agencies. See
Appendix C, Glossary of Re-

SOurces.

This manual will provide valuable
assistance to the design profes-
sional. It is not intended to be
used as a code or specification,
nor as a replacement for the
engineer’s or architect’s standard
of performance.

GOALS AND INTENDED USERS

This manual has been prepared by the Federal Emergency
Management Agency with assistance from other agencies
and organizations involved in the nationwide effort to assist
local governments, engineers, architects, and property
owners involved in retrofitting flood-prone residential
structures. Its objective is to provide engineering design
and economic guidance to engineers, architects, and local
code officials about what constitutes technically feasible
and cost-etfective retrofitting measures for flood-prone
residential structures.

The focus of this manual is the retrofitting of one- to four-
family residences subject to flooding situations without
wave action. The manual presents various retrofitting
measures that provide both active and passive efforts and
employ both wet and dry floodproofing measures. These
include elevation of the structure in place, relocation of the
structure, construction of barriers (levees and floodwalls),
dry floodproofing (sealants, closures, sump pumps, and
backflow valves), and wet floodproofing (flood-resistant
materials and protection of utilities and contents).

The goal of this manual is to capture state-of-the-art infor-
mation and present it in an organized manner. To the
maximum extent possible, existing data and modem re-
search have been utilized as the cornerstone of this docu-
ment. Detailed sections covering the evaluation, planning,
and design of retrofitting measures are included along with
case studies of completed retrofitting efforts. Methods for
performing econormic analyses of the various alternatives
are presented.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 1-1

June 2001



Chapter I: Introduction to Retrofitting

Coastal situations subject to wave
action are not addressed in this
manual. For information on that
area the reader is referred to
FEMA 55 (Third Edition):
Coastal Construction Manual,
and the U.S. Army Corps of
Engineers (USACE) Shore
Protection Manual.

P o

FEMA's new Benefit/Cost
Analysis software has been
upgraded to operate in a runtime
version of Microsoft Access®
included with the program.

The architect, engineer, or code official must recognize that
retrofitting a residential structure influences how that
structure reacts to hazards other than those associated with
floodwaters. Flood-related hazards such as water-borne ice
and debris impact forces, erosion forces, and mudslide
impacts, as well as non-flood-related hazards such as
earthquake and wind forces, should be considered in the
retrofitting process. Retrofitting a structure to withstand
only floodwater-generated forces may impair the structure’s
ability to withstand the multiple hazards mentioned above.
Thus, it is important to approach the retrofitting method
selection and design process with a multi-hazard perspective.

ORGANIZATION OF THE MANUAL

This manual has seven chapters and five appendixes.
Chapters I, I1, and 1H

+ Introduction to Retrofitting

» Regulatory Framework

* Parameters of Retrofitting

Chapters IV and V

» Determination of Hazards

+ Benefit/Cost Analysis and Alternative Selection

These chapters give detailed guidance on how to focus on
the specific retrofitting solution that is most applicable for
the residential structure being evaluated.

I-2 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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How to Use This Manual

The balance of the design manual encompasses the following:
Chapter VI
» Design Practices

This chapter provides step-by-step design processes for
each retrofitting measure. (Note: Each retrofitting measure
has its own tab and is organized as a subchapter.)

Chapter VII

» (Case Studies

This chapter is a collection of information on the actual
retrofitting of specific residential structures.

Throughout this manual, the following icons are used,

indicating:
v Special Note: Significant or interesting information
-~
Formula: Use of a mathematical formula
Bomb: Special cautions need to be exercised
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METHODS OF RETROFITTING

Retrofitting involves a combination of adjustments or
additions to features of existing structures that are intended
to eliminate or reduce the possibility of flood damage.
Retrofitting measures includes the following:

Elevation:

Relocation:

Dry Floodproofing:

Wet Floodproofing:

Floodwalls/Levees:

The elevation of the existing struc-
ture on fill or foundation elements
such as solid perimeter walls, piers,
posts, columns, or pilings.

Relocating the existing structure
outside the identified floodplain.

Strengthening of existing founda-
tions, floors, and walls to withstand
flood forces while making the struc-
ture watertight.

Making utilities, structure compo-
nents, and contents flood- and water-
resistant during periods of flooding
within the structure.

The placement of floodwalls or
levees around the structure.
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See page [-26 for general cautions

to consider in the implementation
of a retrofitting measure.

Retrofitting measures can be passive or active in terms of
necessary human intervention. Active or emergency retro-
fitting measures are effective only if there is sufficient
warning time to mobilize labor and equipment necessary to
implement the measures. Therefore, every effort should be
made to design retrofitting measures that are passive and do
not require human intervention.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures -5

June 2001



Chapter I: Introduction to Retrofitting

Cost is an important factor to
consider in elevating structures.
As an example, lighter wood-
frame structures are easier and
often cheaper 10 raise than
masonry structures. Masonry
structures are not only more
expensive to raise, but are also
susceptible to cracks.

b 4

Base Flood is defined as the flood
having a 1% chance of being
equaled or exceeded in any given
year. The Base Flood Elevation
(BFE) 1s the elevation to which
floodwaters rise during a Base
Flood.

Refer to FEMA 347: Above the

Flood: Elevaring Your
Floodprone House for details on
the elevation of residennal
structures.

ELEVATION

Elevating a structure to prevent floodwaters from reaching
damageable portions is an effective retrofitting technique.
The structure is raised so that the lowest floor is at or above
a Design Flood Elevation (DFE). Heavy-duty jacks are
used to lift the existing structure. Cribbing supports the
structure while a new or extended foundation is constructed
below. In lieu of building new support walls, open founda-
tions such as piers, columns, posts, and piles are often used.
Elevating a structure on fill is also an option in some
situations.

While elevation may provide increased protection of a
structure from floodwaters, other hazards must be consid-
ered before implementing this strategy. Elevated structures
may encounter additional wind forces on wall and roof
systems, and the existing footings may experience addi-
tional loading. Extended and open foundations (piers,
piles, posts, and columns) are also subject to undermining,
movement, and impact failures caused by seismic activity,
erosion, ice or debris flow, mudslide, and alluvial fan
forces, among others.

I-6
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P o

The Design Flood Elevation
(DFE), also referred to as the
Flood Protection Elevation (FPE)
or Flood Protection Level (FPL),
is the regulatory flood elevation
adopted by a local community.
Typically, the DFE is the BFE
plus any freeboard adopted by the
community.

Elevation on Solid Perimeter
Foundation Walls

Elevation on solid perimeter foundation walls is normally
used in areas of low to moderate water depth and velocity.
After the structure is raised from its current foundation, the
support walls can often be extended vertically using materi-
als such as masonry block or cast-in-place concrete. The
structure is then set down on the extended walls. While
this may seem to be the easiest solution to the problem of
flooding, there are several important considerations.

Depending on the structure and potential environmental
loads (such as flood, wind, seismic, and snow), new, larger
footings may have to be constructed. It may be necessary
to reinforce both the footings and the walls using steel
reinforcing bars to provide needed structural stability.

Deep floodwaters can generate loads great enough to
collapse the structure regardless of the materials used.
Constructing solid foundation walls with openings or vents
will help alleviate the danger by allowing hydrostatic forces
to be equalized on both sides. For new and substantially
damaged or improved buildings, openings are required
under the NFIP.

Elevation

Utilities and electrical

circuits moved above
flood ievel

Lightweight or mobile items
can be stored under the
house and moved prior to
flooding

Openings on each wall ensure entry of
water tc equalize hydrostatic pressures

b e—

Figure I-1: Elevation on Solid Perimeter Foundation Walls
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Figure 1-3: Elevation on Piers

Elevation on Open Foundation
Systems

Open foundation systems are vertical structural members
that support the structure at key points without the support
of a continuous foundation wall. Open foundation systems
include piers, posts, columns, and piles.

ELEVATION ON PIERS

The most common example of an open foundation is piers,
which are vertical structural members that are supported
entirely by reinforced concrete footings. Despite their
popularity in construction, piers are often the elevation
technique least suited for withstanding significant horizon-
tal flood forces. In conventional use, piers are designed
primarily for vertical loading; when exposed to flooding,
they may also experience horizontal loads due to moving
floodwater or debris impact forces. Other environmental
loads, such as seismic loads, can also create significant
horizontal force. For this reason, piers used in retrofitting
must not only be substantial enough to support the vertical
load of the structure, but also must be sufficient to resist a
range of horizontal forces that may occur.

Piers are generally used in shallow depth flooding condi-
tions with low-velocity ice, debris, and water flow poten-
tial, and are normally constructed of either masonry block
or cast-in-place concrete. In either case, steel reinforcing
should be used for both the pier and its support footing. The
reinforced elements should be tied together to prevent
separation. There must also be suitable connections be-
tween the superstructure and piers to resist seismic, wind,
and buoyancy forces.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures -9
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ELEVATION ON POSTS OR COLUMNS

Elevation on posts or columns is frequently used when
flood conditions involve moderate depths and velocities.
Made of wood, steel, or precast reinforced concrete, posts
are generally square-shaped to permit easy attachment to
the house structure. However, round posts may also be
used. Set in pre-dug holes, posts are usually anchored or
embedded in concrete pads to handle substantial loading
requirements. Concrete, earth, gravel, or crushed stone is
usually backfilled into the hole and around the base of the
post.

While piers are designed to act as individual support units,
posts normally must be braced. There are a variety of
bracing techniques such as wood knee and cross bracing,
steel rods, and guy wires. Cost, local flood conditions,
loads, the availability of building materials, and local
construction practices frequently influence which technique

Columns differ from posts in the
size of their application. Posts are 18 used.
small columns.

Figure I-3: Struciure Elevated on Posts
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Figure I-6: Elevation on Piles

ELEVATION ON PILES

Piles differ from posts in that they are generally driven, or
jetted, deeper into the ground. As such, they are less
susceptible to the effects of high-velocity floodwaters,
scouring, and debris impact. Piles must either rest on a
support layer, such as bedrock, or be driven deep enough to
create enough friction to transfer anticipated loads to the
surrounding soil. Piles are often made of wood, although
steel and reinforced precast or prestressed concrete are also
common in some areas. Similar to posts, they may also
require bracing.

Because driving piles generally requires bulky, heavy
construction machinery, an existing house must normally be
moved aside and set on cribbing until the operation is
complete. The additional cost and space needs often
preclude the use of piles in areas where alternative eleva-
tion methods for retrofitting are technically feasible.

Several innovative methods have been developed for
setting piles. These include jetting exterior piles in at an
angle using high-pressure water tlow, and trenching, or
auguring, holes for interior pile placement. Augured piles
utilize a concrete footing for anchoring instead of friction
forces. This measure requires that the existing home be
raised several feet above its final elevation to allow room
for workers to install the piles. Jetting and auguring piles
reduces the uplift capacity compared to driven piles.
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Figure [-7: Structure Elevated on Piles
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Table I-1

Advantages and Disadvantages of Elevation

Advantages

Disadvantages

If elevated to the BFE, allows

for a substantially damaged or
improved structure to be brought
into compliance with the NFIP

Reduces flood risk to the structure
and its contents

Eliminates the need to relocate
vulnerable items above the flood
level in the house during conditions
of flooding

Often reduces flood insurance
premiums

Techniques are weli-known and
qualified contractors are often
readily available

Reduces the physical, financial, and
emotional strain that accompanies
flood events

Does not require the additional land
that may be needed for floodwalls or
levees

Cost may be prohibitive

The appearance of the structure
may be adversely affected

The structure should not be
occupied during a flood

Access to the structure may be
adversely affected

Not appropriate in areas with high-
velocity water flow, fast-moving ice
or debris flow, or erasion unless
special measures are taken

Additional costs may be incurred to
bring the structure up to current
building codes for plumbing,
electrical, and energy systems

Forces due to wind and seismic
hazards must be considered

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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RELOCATION

Another retrofitting method is to move the structure to a
location that is less prone to flooding and flood-related
hazards such as erosion. This method is commonly referred
to in retrofitting literature as relocation. The structure may
be relocated to another portion of the current site or to a
different site. The surest way to eliminate flood damage to
a structure is to remove it from the floodplain and relocate
it to a flood-free location. The procedure normally involves
placing the structure on a wheeled vehicle. The structure is
then transported to a new location and set on a new founda-

tion.

Relocation is an appropriate measure in high hazard areas
where continued occupancy is unsafe and/or owners want
to be free from flood worries. It is also a viable option in
communities that are considering using the resulting open
space for more appropriate floodplain activities. Relocation
may offer an alternative to elevation for substantially
damaged structures that are required under local regulations
to meet NFIP requirements.

Figure [-8: Structure Placed on a Wheeled Vehicle for Relocation to a New Site
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While similar to elevation, relocation of a structure requires
additional steps that normally increase the cost of this
retrofitting method. These additional costs include moving
the structure, purchase and preparation of a new site to
receive the structure (with utilities), construction of a new
foundation, and restoration of the old site.

Most types and sizes of structures can be relocated either as
a unit or in segments. One-story wood-frame houses are
usually the easiest to move, particularly if they are located
over a crawl space or basement that provides easy access to
floor joists. Smaller, lighter wood-frame structures may
also be lifted with ordinary house-moving equipment and
often can be moved without partitioning. Houses con-
structed of brick, concrete, or masonry are also movable,
but usually with more difficulty and increased costs.

Structural relocation professionals should help owners to
consider many factors in the decision to relocate. The
structural soundness should be thoroughly checked and
arrangements should be made for temporary housing and
storage of belongings. Many states and communities have
requirements governing the movement of structures in
public rights-of-way.

Relocation

Brick fireplaces are

braced or taken down
Larger additions or wings =
h tob d s g
Zzsapyar:t;?y OIS [ g Main structure disconnected
i 1 ! b7 from foundation
/ [l it )
Some contractors remove "Old foundation demolished
brick facing for the move K and backfilled
Figure [-9: Structure to be Relocated
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Table I-2

Advantages and Disadvantages of Relocation

Advantages

Disadvantages

Ailows for substantially damaged
or improved structure to be -
brought into compliance with the
NFIP

Significantly reduces flood risk to the
structure and its contents

Relocation techniques are well-
known and qualified contractors are
often readily available

Can eliminate the need to purchase
flood insurance or reduce the
premium because the house is
"moved out" of the floodplain

Reduces the physical, financial, and
emotional strain that accompanies
flood events

Cost may be prohibitive
A new site must be located

Disposition of the flood-prone lot
must be addressed

Additional costs may be incurred to
bring the structure up to current
building codes for plumbing, electri-
cal, and energy systems
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Dry floodproofing is not allowed
under the NFIP for new and
substantially damaged or im-
proved residential structures
located in a Special Flood Hazard
Area. Additional information on
dry floodproofing can be obtained
from FEMA Technical Bulletin 3-
93, entitled Non-Residential
Floodproofing Requirements and
Certification for Buildings
Located in Special Fiood Hazard
Areas in Accordance with the
NFIP. Non-residential techniques
are also applicable in residential
situations.

DRY FLOODPROOFING

Another approach to retrofitting is to seal that portion of a
structure below the flood protection level, making that area
watertight. The objective of this approach is to make the
walls and other exterior components impermeable to the
passage of floodwaters. Creating an impervious membrane,
such sealant systems can include wall coatings, waterproof-
ing compounds, impermeable sheeting, or supplemental
impermeable wall systems, such as cast-in-place concrete.
Doors, windows, sewer and water lines, and vents are
closed with permanent or removable shields or valves.

The expected duration of flooding is extremely critical
when using sealing systems because seepage can increase
over time, rendering the floodproofing ineffective. Water-
proofing compounds, sheeting, or sheathing may fail or
deteriorate if exposed to floodwaters for extended periods.
Sealant systems are also subject to damage (puncture) in
areas that experience water flow of significant velocity, or
ice or debris flow.

Dry floodproofing is usually appropriate only where flood-
waters are less than three feet deep, since most walls and
floors in residential structures may collapse or buckle under
higher water levels. Research in this area has been con-
ducted by the U.S. Army Corps of Engineers and is avail-
able in a document entitled Floodproofing Tests, August
1988.

FEMA tasked the National Evaluation Service (NES) to
develop an evaluation protocol for flood resistance of
materials to be utilized in construction below the BFE.
NES has issued a National Evaluation Protocol which can
be used in determining which products meet the flood
resistant standards. Information on the evaluation protocol
is available at http://nateval.org

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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PN
" ﬁ
o b —“5.‘ PSRRI S PR
/ “ =% e o
i I
Maximum protection T i g 7
level is three feet — e { Dry floadproofed walls
(including freeboard) Lo S R
/\./\_/\,./\_J\N\_/\/\_/\_ﬂ - ....:_.\_ = T __:’ K RUE R A A A A4
Backflow vaive Not for buildings Closures for openings
;{/ with basements
=@
Account for sewer and drain backup

Figure I-10: Dry Floodprooted Structure

Dry floodproofing is also not recommended for structures
with a basement. These types of structures can be suscep-

ﬂ tible to significant lateral and uplift, or buoyancy, forces.
Even brick or cc block When dry floodproofing a wood-frame superstructure, only
ven brick or conerete b oe buildings constructed of concrete block or faced with brick

walls should not be floodproofed
above a height of three feet
(without an extensive engineering

veneer should be considered. Weaker construction materi-
als, such as wood-frame superstructure with siding, will

analysis) due to the danger of often fail at much lower water depths from hydrostatic
structural failure from excessive forces.

hydrostatic and other flood-related

forces.

S

The designer should consider
incorporating freeboard into the
three-foot hetght constraint as a
factor of safety against structural
fatlure. Other tactors of safety
might include additional pumping
capacity and sutfened walls.
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Table I-3 Advantages and Disadvantages of Dry Floodproofing

Advantages Disadvantages
« Reduces the flood risk to the « Does not satisfy the NFIP require-
structure and conients if the design ment for bringing substantially
flood level is not exceeded damaged or improved residential

structures into compliance

+ May be less costly than other retrofit-

ting measures » Requires ongoing maintenance

+ Flood insurance premiums are not

« Does not require the extra land that )
4 reduced for residential structures

may be needed for floodwalls or

fevees ) .
+ Usually requires human interven-
, ‘ . tion and adequate warning time for
’ Redqces the plhys;cal, fmanaal,’ and instaliation of protective measures
emotional strain that accompanies
flood events + Measures can fail or be exceeded
by targe floods, in which case the
- Retains the structure in its present effect will be as if there were no
environment and may avoid signifi- protection at all

cant changes in appearance
« If design loads are exceeded,
walls may collapse, floors may
buckie, and the structure may even
float, potentially resulting in more
damage than just letting the
house flood

+ The structure should not be occupied
during a flood

+ Shields are not always aestheti-
cally pleasing

+ The damage to the exterior of the
structure and other property may not
be reduced

+ May be subject to leakage, which
could cause damage to the structure
and its contents
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Wet floodproofing is not allowed
under the NFIP for new and
substantially damaged or improved
structures located in a Special
Flood Hazard Area. Referto
FEMA’s Technical Bulletin #7-93,
entitled Wet Floodproofing Re-
quirements for Structures Located
in Special Flood Hazard Areas in
Accordance with the NFIP,

9

For additional informatjon, refer to
FEMA 348, Protecting Building
Utilities From Flood Damage:
Principles and Practices for the
Design and Construction of Flood
Resistant Building Utility Systems.

WET FLOODPROOFING

Another approach to retrofitting involves modifying a
structure to allow floodwaters to enter it in a way that will
minimize damage to the structure and its contents. This
type of protection is classified as wet floodproofing.

Wet floodproofing is often used when all other techniques
are not technically feasible or are too costly. It is generally
appropriate if a structure has available space in which to
relocate and temporarily store damageable items. Utilities
and furnaces may also need to be relocated or protected
along with other non-movable items by using flood-resis-
tant building materials. Wet floodproofing may also be
appropriate for structures with basements and crawl spaces
that cannot be protected technically or cost-effectively by
other retrofitting measures.

Compared with the more extensive flood protection mea-
sures described in this manual, wet floodproofing is gener-
ally the least expensive. The major costs of this measure
mvolve the rearrangement of utility systems, installation of
flood-resistant materials, acquisition ot labor and equip-
ment to move items, and organization of cleanup when
floodwaters recede. Major disruptions to structure occu-
pancy often result during conditions of flooding.

; ;Cj:p'e.'\zf:gs provided ) -
; 2 let water in :

Furrace and utiities

are relccated -
: Large appiiances are moved | \ !
! or wrapped in watercroof tags / \ |
Fipure [-11 Wer Floodprooted Structure
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Table I-4 Advantages and Disadvantages of Wet Floodproofing

Advantages Disadvantages

« No matter how small the effort, wet « Does not satisfy the NFIP require-
floodproofing can, in many instances, ment for bringing substantially
reduce flood damage to a building damaged or improved structures
and its contents into compliance

+ Compared to a dry floodproofing » Flood warning is usually needed to
measure, loads placed on the walls prepare the building and contents for
and floors of a building may be flooding
greatly reduced due to equalized

The evacuation of contents from the

hydrostatic pressure .
flood-prone area is dependent on
+ Costs for relocating or storing con- human intervention
tents (except basement contents)
after a flood warning is issued are » The structure will get wet inside, and
covered by flood insurance under possibly be contaminated by sewage,

chemicals, and other materials borne
by floodwaters. Extensive
+ Wet floodproofing measures are cleanup may be necessary

often less costly than other measures

certain conditions

+ The structure should not be occupied
+ Does not require extra land, which during a flood
may be needed for floodwalls or

levees + The structure may be uninhabitable

for a time after flooding

» Reduces the physical, financial, and
emotional strain that accompanies
flood events

» There may be a need to limit the uses
of the floodable area of the building

+ There may be some ongoing mainte-
nance requirements

» Additional costs may be incurred to
bring the structure up to current
building codes for plumbing, electrical,
and energy systems

+ To avoid foundation wall collapse, care
must be taken when pumping out
basements
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While floodwalls and levees are
allowed under NFIP regulations,
they do not make a non-compliant
structure compliant with the NFIP.

FLOODWALLS AND LEVEES

Another retrofitting approach is the construction of localized
barriers between the structure and the source of flooding.
There are two basic types of barriers: levees and floodwalls.
They can be built to any height but are usually limited to four
feet for floodwalls and six feet for levees due to cost, aesthet-
ics, access, water pressure, and space. Local zoning and
building codes may also restrict use, size, and location.

A levee is typically a compacted earthen structure that
blocks floodwaters from coming into contact with the
structure. To be effective over time, levees must be con-
structed of suitable materials (i.e., impervious soils) and
with correct side slopes for stability. Levees may com-
pletely surround the structure or tie to high ground at each
end. Levees are generally limited to homes where floodwa-
ters are less than five feet deep. Otherwise, the cost and the
land area required for such barriers usually make them
impractical for the average owner.

Floodwalls are engineered barriers designed to keep floodwaters
from coming into contact with the structure. Floodwalls can be
constructed in a wide variety of shapes and sizes but are typi-
cally built of reinforced concrete and/or masonry materials.

Floodwalls and Levees

Levee is compacted

and anchored to withstand

i filf with 2:1 or 3:1 slope

hydrostatic load .

(for stability)

‘ Flocdwalil is reinforced
i

nd drain backup =

! Account for sewer
) e

Sump and pump handle seepage 1 v e
and intemal drainage / \ - Backfiow valve
Figure [-12: Structure Protected by Levee and Floodwall
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Figure I-13: House Protected by a Floodwall

Generally, residential floodwalls
are only cost-beneficial at provid-
ing protection up to four feet and
levees up to six feet, including one
foot of freeboard.

A floodwall can surround an entire structure or, depending
on the flood levels, site topography, and design preferences,
it can protect isolated structure openings such as doors,
windows, or basement entrances. Floodwalls can be
designed as attractive features to a residence, utilizing
decorative bricks or blocks, landscaping, and garden areas,
or they can be designed for utility at a considerable savings
n cost.

Because their cost is usually greater than that of levees,
floodwalls would normally be considered only on sites that
are too small to have room for levees or where flood veloci-
ties may erode earthen levees. Some owners may believe
that floodwalls are more aesthetically pleasing and allow
preservation of site features, such as trees. Special design
considerations must be taken into account when floodwalls
or levees are used to protect homes with basements because
they are susceptible to seepage that can result in hydrostatic
and saturated soil pressure on foundation elements.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 1-23
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The costs of floodwalls and levees can vary greatly,
depending on height, length, availability of construction
materials, labor, access closures, and the interior drainage
system. A levee could be constructed at a lower cost if the

U R proper fill material is available nearby.
openings must be included as part
of the floodwall or levee design.

vt
Figure I-14: House Protected by a Levee
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Table I-5 Advantages and Disadvantages of Floodwalls and Levees

Advantages Disadvanfages

» The area around the structure will + Does not satisfy the NFIP require-
be protected from inundation ments for bringing substantially
without significant changes to damaged or improved structures
the structure into compliance

» Thereis no pressure from floodwater « Levees and floodwalls can fail or be

to cause structural damage to the overtopped by large floods or floods
home or other structures in the of long duration, in which case the
protected area effect will be as if there were no

protection at al
» These barriers are usually less
expensive to build than elevating + May be expensive

or relocating the structure would be
+ Both floodwalls and levees need

+ Occupants do not have to leave periodic maintenance

the structure during construction
« Interior drainage must be provided
» Reduces flood risk to the structure

and its contents + Local drainage can be affected,

possibly resulting in water problems
+ Reduces the physical, financial, and for others
emotional strain that accompanies

flood events « No reduction in flood insurance rates

» May restrict access to structure

+ Levees require considerable iand
area

« Floodwalls and levees do not
eliminate the need to evacuate
during floods

+ May require warning time and human
intervention for closures

+ Floodplain management require-
ments may make floodwalls and
levees violations of applicable codes
and/or regulations
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GENERAL RETROFITTING CAUTIONS

Appropriately applied retrotitting measures have several
advantages over other damage reduction methods. Individual
owners can undertake retrofitting projects without waiting for
government action to construct flood control projects. Retro-
fitting may also provide protection in areas where large struc-
tural projects, such as dams or major waterway improvements,
are not feasible, warranted, or appropriate. Some general
cautions should always be considered in implementing a
retrofitting strategy. These include:

*  Substantial damage or improvement requirements under
the NFIP, local building codes, and floodplain manage-
ment ordinances render some retrofitting measures illegal.

+ Codes, ordinances, and regulations for other restrictions,
such as setbacks and wetlands, should be observed.

* Retrofitted structures should not be used nor occupied
during conditions of flooding.

*  Most retrofitting measures should be designed and
constructed by experienced professionals (engineers,
architects, or contractors) to ensure proper consider-
ation of all factors influencing effectiveness.

*  Most retrofitting measures cannot be installed and
forgotten. Maintenance must be performed on a sched-
uled basis to ensure that the retrofitting measures
adequately protect the structure over time.

* Floods may exceed the level of protection provided in
retrofitting measures. In addition to implementing these
protective measures, owners should consider continu-
ing— and may be required—to purchase tlood insurance.

institutions to continue flood insurance coverage.

1-26 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
June 2001



General Retrofitting Cautions

*  When human intervention is most often needed for
successtul flood protection, a plan of action must be in
place and an awareness of flood conditions is required.
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Chapter I: Introduction to Retrofitting

RETROFITTING PROCESS

A good retrofitting project should follow a careful path of
exploration, fact finding, analysis, detailed design, and
construction steps. The successful completion of a retrofit-
ting project will require a series of homeowner coordina-
tion and design input meetings. Ultimately, the homeowner
will be living with the retrofitting measure, so every effort
should be made to incorporate the homeowner’s concerns
and preferences into the final product. The primary steps in
the overall process are shown in Figure I-15 and include:

HOMEOWNER MOTIVATION

The decision to consider retrofitting options usually stems
from having experienced or witnessed a flooding event in
or near the structure in question; having experienced sub-
stantial damage from a flood or an event other than a flood;
or embarking on a substantial improvement, which requires
adherence to local floodplain regulations. The homeowner
may contact other homeowners, community officials,
contractors, or design professionals to obtain information
on retrofitting techniques, available technical and financial
assistance, and other possible options.

PARAMETERS OF RETROFITTING

The goal of this step is to conduct the necessary field
investigations, regulatory reviews, and preliminary techni-
cal evaluations to select applicable and technically feasible
retrofitting techniques that warrant further analysis.

DETERMINATION OF HAZARDS

This step involves the detailed analysis of flood, tlood-
related, and non-flood-related hazards and the evaluation of

specific sites and structures to be retrofitted.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Retrofitting Process

g o

Within each of these steps,
homeowners are involved in
providing input into the evalua-
tions, analyses, decisions, and
design concepts to ensure that the
final product meets their require-
ments. Finally, maintenance of
the constructed retrofitting
measure is the responsibility of the
homeowner.

BENEFIT/COST ANALYSIS

This step is critical in the overall ranking of technically
feasible retrofitting techniques, and it combines an objec-
tive economic analysis of each retrofitting measure consid-
ered with any subjective decision factors introduced by the
homeowner or others.

DESIGN

During this phase, specific retrofitting measures are de-
signed, construction details developed, cost estimates
prepared, and construction permits obtained.

CONSTRUCTION

Upon final design approvals, a contractor is selected and
the retrofitting measure is constructed.

OPERATION AND MAINTENANCE

The development of a well-conceived operation and main-
tenance plan is critical to the overall success of the project.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 1-29
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Homeowner Motivation

Y

Homeowner Coordination

Parameters of Retrofitting

h 4

Determination of Hazards

h 4

Benefit Cost Analysis

Y.

Design

4

Construction

A 4

- Homeowner Maintenance

Figure I-15: Primary Steps in the Retrofitting Process
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Chapter II: Regulatory Framework
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REGULATORY FRAMEWORK

Most retrofitting projects are regulated by local floodplain, zoning, and building code ordinances.
In addition to governing the extent and type of activities allowable in the regulatory floodplain,
these codes set construction standards that must be met both by new construction and by
substantial improvement and repair of damaged buildings. The portions of these ordinances
dealing with retrofitting are generally derived from guidance issued by FEMA under the NFIP

and the U.S. Army Corps of Engineers (USACE).

This chapter discusses the typical community floodplain management and building code environ-
ment, including:

* therole of local officials in a retrofitting project,
*» the various tenets of the NFIP, and
« the compatibility of items covered in international building codes with the NFIP,

Each jurisdiction may adopt standards that are more restrictive than the minimum NFIP require-
ments, but this section will examine only the minimum federal regulations governing construction
ina Special Flood Hazard Area. Local building codes and construction standards vary widely

across the country.

g 4

In individual communities, local
regulations are the mechanism by
which NFIP requirements are
enforced. The reader is encour-
aged to contact local tloodplain
management and building code
officials to determine if more
restrictive requirements are in

nfqop
¥
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NATIONAL FLOOD INSURANCE PROGRAM (NFIP)

b 4

Guidance on substantial improve-
ment and substantial damage may
be found in FEMA Publications
213, Answers and Questions
About Substantially Damaged
Buildings, and 311, Guidance on
Estimating Substantial Damage.

The creation of the National Flood Insurance Program was
a major step in the evolution of floodplain management.
During the 1960s, Congress became concerned with prob-
lems related to the traditional methods of dealing with
flood damage. It concluded:

+  Flood protection structures are expensive and cannot
protect everyone.

+ People are still building in floodplains and therefore are
risking disaster.

+ Disaster relief is inadequate and expensive.

+ The private insurance industry cannot sell affordable
flood insurance because only those at significant risk
will buy it.

« Federal flood control programs are funded by all tax-
payers, but they primarily help only those who live in
the floodplains.

In 1968, Congress passed the National Flood Insurance Act
to correct some of the shortcomings of the traditional flood
control and flood relief programs. The Act created the
National Flood Insurance Program (NFIP) to:

+  Guide future development away from flood hazard
areas;

+ Require that new and substantially improved buildings
be constructed to resist flood damage;

+ Provide floodplain residents and owners with financial
assistance after floods, especially after smaller floods
that do not warrant federal disaster aid; and

+ Transfer some of the costs of flood losses from the

taxpayers to floodplain property owners through flood
insurance premiums.
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National Flood Insurance Program (NFIP)

b o

To obtain information on repeti-
tive loss structures in your
community, contact your state
CRS program coordinator or your
FEMA regional office.

Congress originally charged the Department of Housing and
Urban Development’s (HUD’s) Federal Insurance Adminis-
tration (FIA) with responsibility for the program. In 1979,
the FIA and the NFIP were transferred to the newly created
Federal Emergency Management Agency (FEMA).

Currently, the floodplain management aspects of the pro-
gram are administered by the Mitigation Directorate and the
insurance aspects are administered by the Federal Insurance
Administration, both parts of FEMA.

FEMA has focused particular attention on mitigating
buildings and facilities subject to repetitive losses. A
building is considered to be a repetitive loss structure when
a building has had at least two losses of $1,000 or more

within any 10-year period.

These buildings represent significant losses for the NFIP
each year. FEMA is continuing to focus NFIP and retrofit-
ting mitigation efforts on properties that have sustained or
are likely to sustain repetitive losses. Possible funding
sources for these activities include:

« ICC - Increased Cost of Compliance
*  HMGP - Hazard Mitigation Grant Program
«  FMA - Flood Mitigation Assistance Program

For additional information on other FEMA and non-FEMA
sources of funding, the reader is encouraged to contact their
state NFIP and HMGP coordinators.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures -3
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5 4

FEMA has developed a home
study course on how to use a
Flood Insurance Study (FIS).
Contact your local FEMA regional
office {telephone numbers listed in
Appendix C) for further informa-
tion,

FLOOD HAZARD INFORMATION

Communities that participate in the NFIP’s Regular Pro-
gram typically have a detailed Flood Insurance Study (FIS),
which presents flood elevations of varying intensity, includ-
ing the base (100-year) flood, areas inundated by the vari-
ous magnitudes of flooding, and floodway boundaries.

This information is presented on a Flood Insurance Rate
Map (FIRM) and on a Flood Boundary and Floodway Map
(FBFM).

Riverine Floodplains

The FIS report for riverine floodplains describes in detail
how the flood hazard information—including floodways,
discharges, velocities, and flood profiles for major riverine
areas—was developed for each community.

The area of the 100-year riverine floodplain is often divided
into a floodway and a floodway fringe. The floodway is
the channel of a watercourse plus any adjacent floodplain
areas that must be kept free of encroachment so that the
cumulative effect of the proposed encroachment, when
combined with all other existing or proposed encroach-
ments, will not increase the 100-year flood elevation more
than one foot at any point within the community.

The area between the floodway and 100-year floodplain
boundaries is termed the floodway fringe. The floodway
fringe encompasses the portion of the floodplain that could
be completely obstructed without increasing the water-
surface elevation of the 100-year flood by more than one
foot at any point. Many states and communities limit the
allowable increase to less than one foot.
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LINE C - D IS THE FLOOD ELEVATION AFTER ENCROACHMENT

*SURCHARGE NOT TO EXCEED 1.0 FOOT (FEDERAL EMERGENCY MANAGEMENT AGENCY REQUIREMENT) OR LESSER HEIGHT IF SPECIFIED BY STATE.

Figure II-1: Typical Floodplain Cross Section

Discharges are determined for various locations and flood
frequencies along the stream and are presented in a sum-
mary table in the FIS report, as shown in Table II-1. Flood
profiles depict various flood frequency and channel bottom
elevations along each studied stream. Figure II-2 illustrates
a flood profile included in a typical FIS. For most streams
with significant flood hazards, the FIS for riverine flood-
plains normally contains discharges and water-surface
elevations for the 10-, 50-, 100-, and 500-year floods,
which have annual exceedence probabilities of 10%, 2%,
1%, and 0.2%, respectively.
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Chapter II: Regulatory Framework

Table II-1 Typical Summary of Discharges Table
Drainage
Area Peak Discharges (CFS)
Flooding Source and Location (Sq. Mi.) 10-Yr 50-Yr 100-Yr 500-Yr
Overpeck Creek
+ Upstream of the
confluence of Flat Rock Brook 8.1 910 1,310 1,490 1,960
+ Upstream of the confluence
of Tributary to Overpeck Creek 5.7 760 1,080 1,200 1,600
+ Upstream of the
confluence of Metzlers Creek 3.0 530 750 830 1,100

Tributary to Overpeck Creek

+ Atits confluence

with Overpeck Creek 1.0 275 445 545 810
Metzlers Creek
« Atits confluence
with Overpeck Creek 24 453 625 704 995
Flat Rock Brook

« Atits confluence
with Overpeck Creek 2.5 665 1,075 1,315 1,980

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Chapter 1I: Regulatory Framework

Coastal Floodplains

In coastal communities that contain both riverine and
coastal floodplains, the FIS may contain information on
both coastal and riverine hazards. These analyses include
the determination of the storm surge stillwater elevations
for the 10-, 50-, 100-, and 500- year floods as shown in

Table II-2.
Table lI-2 Typical Summary of Coastal Stillwater Elevations
Elevation (feet) Above NGVD

Flooding Source and Location 10-Yr 50-Yr 100-Yr  500-Yr
ATLANTIC OCEAN

Entire shoreline within Floodport 8.2 8.9 9.2 9.8
MERRIMACK RIVER

Entire shoreline within Floodport 59 7.2 8.2 8.9

These stillwater elevations represent the potential flood
elevations from tropical storms (hurricanes and typhoons),
extra-tropical storms (northeasters), tsunamis, or a combi-
nation of any of these events. The FIS wave analysis
includes an estimate of the expected beach and dune ero-
sion during the 100-year flood and the increased flood
hazards from wave heights and wave runup.

- The increases from wave heights and runup are added to
‘ the stillwater elevations to yield the regulatory base flood
This manual does not cover elevation. Figure II-3 illustrates the typical wave height
design issues in Coastal High transect showing the effects of physical features on the
Hazard Areas (V Zones). wave heights and corresponding base flood elevation.

-8 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Figure II-3: Typical Wave Height Transect

A FIRM generally shows areas inundated during a 100-year
flood as either A Zones or V Zones. An example of a
FIRM for riverine flooding is shown in Figure II-4, while a
FIRM for coastal flooding is shown in Figure II-5. Retro-
fitting designers may use data from FIS materials to deter-
mine floodplain limits, flood depth, flood elevation, and
flood frequency.
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FEMA is in the process of
converting from use of the
National Geodetic Vertical Datum
(NGVD) to the North American
Vertical Datum (NAVD). Both
datum references will be in use
until the transition is completed.

Zone Definitions

A Zones:

A#:

AE:

AO:

AH:

AR:

B Zones:

are the Special Flood Hazard Areas (except
coastal V Zones) shown on a community’s
FIRM. There are six types of A Zones:

SFHA where no base flood elevation is pro-
vided.

(Numbered A Zones; e.g., A7 or A14) SFHA
where the FIRM shows a base flood elevation in
relation to National Geodetic Vertical Datum
(NGVD) or North American Vertical Datum
(NAVD).

SFHA where base flood elevations are provided.
AE Zone delineations are used on new FIRMs
instead of A# Zones.

SFHA with sheet flow, ponding, or shallow
flooding. Base flood depths (feet above grade)
are provided.

Shallow flooding SFHA. Base flood elevations
in relation to NGVD or NAVD are provided.

Area of special flood hazard that results from
the decertification of a previously accredited
flood protection system that is determined to be
in the process of being restored to provide a
100-year or greater level of flood protection.

Areas of moderate flood hazard, usually
depicted on FIRMs as between the limits of the
base and 500-year floods. B Zones are also used
to designate base floodplains of little hazard,
such as those with average depths of less than
one foot.

Engi‘neering Principles and Practices of Retrofitting Flood-Prone Residential Structures i1-11
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C Zones:

D Zones:

V Zones:

V#:

VE:

X Zones:

Shaded X:

Unshaded X:

Areas of minimal flood hazard, usually depicted
on FIRMs as above the 500-year flood level. B
and C Zones may have tlooding that does not
meet the criteria to be mapped as a Special
Flood Hazard Area, such as ponding and local
drainage problems.

Areas of undetermined but possible flood
hazard.

Special Flood Hazard Areas subject to coastal
high hazard flooding. There are three types of
V Zones, which correspond to the A Zone
designations:

SFHA where no base flood elevation is pro-
vided.

(Numbered V Zones; e.g.,V7 or V14) SFHA
where the FIRM shows a base flood elevation in
relation to NGVD or NAVD.

SFHA where base flood elevations are provided.
VE Zone delineations are now used on new
FIRMs instead of V# Zones.

Appear on newer FIRMSs and incorporate areas
previously shown as B and C Zones.

Areas of moderate tlood hazard usually depicted
on FIRMs as between the limits of the base and
500-year floods. Previously shown as a B Zone.

Areas of minimal flood hazard usually depicted
on FIRMs as above the 500-year flood level.
Previously shown as a C Zone.

1-12
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FLOODPLAIN MANAGEMENT
REGULATIONS

The floodplain management aspects of the NFIP are imple-
mented by communities. A “community” is a governmen-
tal body with the statutory authority to enact and enforce
development regulations. The authority of each unit of
government varies by state. Eligible communities can
include cities, villages, towns, townships, counties, par-
ishes, states, and Indian tribes. In 1994, more than 18,350
communities participated in the NFIP.

To participate in the NFIP, communities must, at a mini-
mum, regulate development in their floodplains in accor-
dance with the NFIP criteria and state regulations. To do
this, communities must require a permit before any devel-
opment proceeds in the regulatory floodplain. Before the
permit is issued, the community must ensure that two basic

criteria are met:

+ All new buildings and substantial improvements to
existing buildings will be protected from damage by the
base flood, and

» New floodplain development will not aggravate exist-
ing flood problems or increase damage to other proper-
ties.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 11-13
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Several definitions are needed to guide the designer
through floodplain management regulations. The NFIP
definition of key terms is provided below:

Structure: For floodplain management purposes, a walled
and roofed building, including a gas or liquid
storage tank that 1s principally above ground, as
well as a manufactured home.

Basement: Any area of the structure having its floor
subgrade (below ground level) on all sides.

Lowest Floor: The lowest floor of the lowest enclosed
area (including basement). An unfinished or
flood-resistant enclosure, usable solely for
parking, building access, or storage in an area
other than a basement is not considered a
building’s lowest floor, provided that such
enclosure is not built so as to render the struc-
ture in violation of the applicable non-elevation
design requirement of 44 Code of Federal
Regulations (CFR) Ch. 1 (60.3).

Enclosed Area Below BFE: An unfinished or flood-
resistant enclosure, usable solely for parking,
building access, or storage in an area other than
a basement that has an elevation below the BFE.

Substantial Damage: Damage of any origin sustained by
a structure whereby the cost of restoring the
structure to its before-damaged condition would
equal or exceed 50 percent of the value of the
structure before the damage occurred.

Substantial Improvement: Any reconstruction, rehabilita-
tion, addition, or other improvement of a
structure, the cost of which equals or exceeds 50
percent of the value of the structure before the
“start of construction” of the improvement.
This term includes structures that have incurred
“substantial damage,” regardless of the actual

repair work performed. The term does not,
however, include either:

11-14 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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The definitions of pre-FIRM and
post-FIRM are different for
insurance and floodplain manage-
ment purposes.

1. any project to correct existing violations of
state or local health, sanitary, or safety code
specifications that have been previously
identified by the local code enforcement
official and that are the minimum necessary
to assure safe living conditions, or

2. any alteration of a “historic structure,”
provided that the alteration will not preclude
the structure’s continued designation as a
“historic structure.”

Pre FIRM: A pre-FIRM building (for floodplain manage-
ment purposes) is a building for which the start
of construction occurred before the effective
date of the community’s NFIP-compliant flood-
plain management ordinance.

Post-FIRM: A post-FIRM building (for floodplain man-
agement purposes) is a building for which the
start of construction post-dates the effective date
of the community’s NFIP-compliant floodplain
management ordinance.

Under NFIP criteria, all new (post-FIRM) and substantially
damaged/substantially improved construction of residential
structures located within Zones Al - A30, AE, and AH
must have the lowest floor at or above the BFE. Therefore,
elevation and relocation are the retrofitting alternatives that
enable a post-FIRM or substantially damaged/substantially
improved structure to be brought into compliance with the
NFIP.

Utilizing the aforementioned definitions and local codes,
the designer can begin to determine which retrofitting
measures may be acceptable for each specific home.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures I-15
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INSURANCE PROGRAM

Federally-backed flood insurance is made available in
communities that agree to implement NFIP-compliant
floodplain management programs that regulate future
floodplain development. Communities apply to participate
in the program in order to make flood insurance and certain
forms of federal disaster assistance available in their com-

munity.

Everyone in a participating community can purchase flood
insurance coverage, even for properties not located in
mapped floodplains. Insurance provides relief for all
floods, including those that are not big enough to warrant
federal disaster aid, as long as a general condition of flood-

ing exists.

The federal government makes flood insurance available
only in communities that adopt and enforce floodplain
management regulations that meet or exceed NFIP criteria.
Because the communities will ensure that future develop-
ment will be resistant to flood damage, the federal govern-
ment is willing to support insurance and help make it

affordable.

The Flood Disaster Protection Act of 1973 expanded the
program to require flood insurance coverage as a condition
of federal aid or loans from federally-insured banks and
savings and loans for buildings located in identified flood
hazard areas. Most communities joined the NFIP after
1973 in order to make this assistance available for their

flood-prone properties.

NFIP flood insurance is available through many private
flood insurance companies and independent agents, as well
as directly from the federal government. All companies
offer identical coverage and rates as prescribed by the
NFIP.
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Please refer to Appendix A—The
National Flood Insurance Pro-
gram—rfor general information
and an example of the costs of
insurance coverage for structures
subject to various flooding
scenarios.

Pre-FIRM Versus Post-FIRM
(Insurance Purposes)

For flood insurance rating purposes, residential buildings
are classified as being either pre-FIRM or post-FIRM.

Pre-FIRM construction is defined as construction or sub-
stantial improvement begun on or before December 31,
1974, or before the effective date of the community’s initial
FIRM, whichever is later.

Post-FIRM construction includes construction or substan-
tial improvement that began after December 31, 1974, or on
or after the effective date of the community’s initial FIRM,
whichever is later.

Insurance rates for pre-FIRM buildings are set on a subsi-
dized basis; while insurance rates for post-FIRM structures
are set actuarially on the basis of designated flood hazard
zones on the community’s FIRM and the elevation of the
lowest floor of the building in relation to the BFE. This
rate structure provides owners an incentive to elevate
buildings in exchange for receiving the financial benefits of
lower insurance rates. Subsequent to substantial improve-
ments, a pre-FIRM building will become a post-FIRM
building for flood insurance rating purposes. Only eleva-
tion or relocation techniques may result in reduced flood
insurance premiums or in eliminating the need for flood
insurance.
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Communities often adopt flood-
plain regulations that exceed the
NFIP minimum requirements.
Some states have also enacted
laws that exceed the NFIP mini-
mum requirements.

NFIP FLOOD-PRONE BUILDING
PERFORMANCE STANDARDS

The NFIP has established minimum criteria and design
performance standards that communities participating in
the NFIP must enforce for structures located in Special
Flood Hazard Areas. These standards specify how a struc-
ture should be constructed in order to minimize or elimi-
nate the potential for flood damage.

FEMA, the U.S. Army Corps of Engineers (USACE), the
Tennessee Valley Authority (TVA), the Natural Resources
Conservation Service (NRCS), and several states and local
government entities have developed technical guidance

manuals and information for public distribution to assist in

the application of these requirements by the building
community (i.e., building code and zoning officials, engi-
neers, architects, builders, developers, and the general
public). These publications, which are listed in Appendix
C, Glossary of Resources, contain guidelines for the use of
certain techniques and materials for design and construction
that meet the intent of the NFIP’s general design criteria.
These publications also contain information on the gener-
ally accepted practices for flood-resistant design and
construction.

FEMA has also been involved in a multi-year effort to
incorporate the NFIP flood-damage-resistant design stan-
dards into the nation’s model building codes and standards,
which are then adopted by either states or communities.
This effort has resulted in the inclusion of the standards in
the new International Building Code Series and in ASCE 7-
98, Minimum Design Loads for Buildings and Other Struc-
tures and ASCE 24-98, Flood Resistant Design and Con-
struction.
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COMMUNITY REGULATIONS AND THE PERMITTING
PROCESS

Regulation of the use of floodplain lands is a responsibility

\ of state and local governments and, in limited applications,
/v the federal government (wetlands, navigable waterways,

_ federal lands, etc.). It can be accomplished by a variety of

Eszrﬂoioi\g::&igfcgiiggzlnzftic procedures, such as establishment of designated floodways
and encroachment lines, zoning ordinances, subdivision

adjacent land areas that must be - ! ) ) -
reserved in order to discharge the regulations, special use permits, floodplain ordinances, and

base flood without cumulatively building codes. These land-use controls are intended to
increasing the water surface reduce or eliminate flood damage by guiding and regulating
elevation more than a designated floodplain development

height. p p ’

As was explained in Chapter I, flood-prone communities
that participate in the NFIP are required to adopt and
enforce, at a minimum, NFIP-compliant floodplain regula-
tions to qualify for many forms of federal disaster assis-
tance and for the availability of flood insurance.

Many states and communities have more restrictive require-
ments than those established by the NFIP. In fact, state and
community officials, using knowledge of local conditions
and in the interest of safety, may set higher standards, the
most common of which are listed below.

« Freeboard is the elevation difference between the flood
protection elevation and the anticipated flood elevation.
Freeboard requirements provide an extra measure of
flood protection above the design flood elevation to
account for waves, debris, hydraulic surge, or insuffi-
cient flooding data.

* Restrictive standards prohibit building in certain areas,
such as the floodplain, conservation zones, and the
floodway.

* The use of building materials and practices that have
previously proven ineffective during flooding may be
prohibited
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»  The use and type of construction fill material may be
further restricted by the higher standards adopted by
some states and communities.

Before committing a significant investment of time and
money in retrofitting, the design professional should con-
tact the local building official for building code and flood-
plain management requirements and information on obtain-

ing necessary permits.
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NATIONAL MODEL BUILDING CODES

The National Model Building Codes currently include the
International Building Codes and the NFPA code. The
series of International Building Codes (I-Codes) has re-
cently been developed and are now available for adoption
and use by governmental jurisdictions. Representatives of
the existing code groups (BOCA, ICBO, and SBCCT)

e

Designers should consult
Reducing Flood Losses Through

the International Code Series: drafted this code series. The intent of the I-Codes was to
Meeting the Requirements of the include a comprehensive set of regulations for building
National Flood Insurance systems consistent with and inclusive of the scope of the
Program to gain a thorough existing model codes. The new [-Codes include:

understanding of how the
requirements of the NFIP have
been included in the I-Codes.

« The 2000 International Building Code (IBC) meets the
minimum design and construction requirements of the
NFIP for all buildings and structures. Appendix G of
the IBC addresses other NFIP requirements such as
floodplain management issues;

« The 2000 International Residential Code (IRC) meets
the minimum requirements for flood resistant design
and construction of one- and two-family dwellings;

+ The 2000 International Plumbing Code meets the
minimum requirements for flood resistant design and
construction of plumbing systems;

+ The 2000 International Mechanical Code meets the
minimum requirements for flood resistant design and
construction of mechanical systems;

»  The 2000 International Fuel Gas Code meets the mini-
mum requirements for flood resistant design and con-
struction of fuel gas systems;

+  The 2000 International Private Sewage Disposal Code
meets the minimum requirements for flood resistant
design and construction of private sewage disposal
systems; and

« The NFPA Life Safety Codes, developed by the Na-
tional Fire Protection Association (NFPA), are used as a
standard for fire protection in various parts of the

T —country., The NFPA Buitding Code (NFPAS000) s~ -

currently under development.
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Most communities, at the time of this revision, have
adopted model codes from BOCA, ICBO, or SBCCL
Many of these locally adopted model codes have incorpo-
rated provisions of the NFIP floodplain management
regulations pertaining to building standards.

The National Model Building Codes are available for
adoption by local communities; some states and communi-
ties have already adopted the new codes. With the IBC, it
is possible to integrate building codes into a single adminis-
trative process. In order to participate in the NFIP using
this approach, all of the IBC, including Appendix G, must
be adopted. Otherwise, not all "development," as defined
by the NFIP, is regulated adequately. If Appendix G is not
adopted, then provisions regulating "development" would
need to be included in a stand-alone ordinance. The IRC
includes flood-resistant construction requirements as part of
the code and thus are adopted when the IRC is adopted.

For more information about the IBC adoption process,
contact the state or local building and permitting officials.

Some states, local governments, and communities, how-
ever, make their own amendments to the above code. In
these cases, it may be unclear if the adopted code is still
consistent with NFIP floodplain management regulations.

Table II-3

Building Code Groups

National Model Building Codes: * International Building Code (IBC)
International Building Codes (I-Codes) * International Residential Code (IRC)

NFPA Codes + NFPA Life Safety Codes (NFPA)

+ International Plumbing Code
International Mechanical Code
+ International Fuel Gas Code
+ International Private Sewage Disposal Code

* NFPA Building Code (NFPA 5000)

Model Building Codes: + National Building Code (BOCA)

+ Standard Building Code (SBCCI)
¢« Uniform Building Code (IMCO)
+ One- and Two-Family Dweiling Code (CABO)

Note: Model Building Codes to be phased out and replaced by international Building Codes
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CODE COMPATIBILITY WITH THE NFIP

P o

Designers should consult Reducing
Flood Losses Through the Interna-
tional Code Series: Meeting the
Requirements of the National
Flood Insurance Program to gain
a thorough understanding of how
the requirements of the NFIP have
been included in the I-Codes.

Until a state or community adopts the I-Codes, the basis for
administering building code and floodplain regulations are
the current regulations and locally adopted building code.

The use of one of the model codes (BOCA, ICBO, SBCCI)
may still require that the flood-resistant construction stan-
dards be compared to the appropriate model code so that all
of the required flood standards are included in the local
ordinances. Table II-4 compares the I-Codes and the model
codes to selected NFIP requirements.

The application of flood-resistant construction methods is
also included in the engineering standards ASCE 7-98
Minimum Design Loads for Buildings and Other Structures
and ASCE 24-98 Flood Resistant Design and Construction
in addition to the I-Codes. Table II-5 is a summary of
selected key NFIP provisions, citations from the I-Codes
and other publications, including the ASCE engineering
standards.
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Table 11-4 CODES vs. NFIP REQUIREMENTS: ltems of inconsistency
NFIP {TEM l-Codes | SBCClI | ICBO | BOCA | CABO

Use of Registered Professionals X

Wind, Seismic & Snow Loads

Footing & Slab Design

X | X i Xx
XX X | X

Standards for Use of Wood Materials

X | X X | X

Geotechnical Reports and Requirements for Open
Foundations

>
x
x

Corrosion Protection X

Hydrostatic and Hydrodynamic Load Considerations and X
Computations

Occupancy in Basements Below the BFE

Consistency of Criteria for Residential and Non-Residential
Buildings

Anchorage Requirements

Exposed Ductwork

XXX X | X

Utility Clearances

Standards for Sealants

Standards for Breakaway Walls

Design Tables Based on Materials

XX X1]Xx

Design Considerations for Floodwalls

Protection of Electrical Systems Below the BFE

Grounded and Labeled Power Outlets for Pumps and Motors

Maintenance of Interior Finishes for Different Occupancies

Complete Flood Design Criteria X

Alternate Forms or Means of Construction

Site Preparation Requirements

Vapor Barrier Requirements

Walls, Floor & Roof Sheathing Design X X X

XXX x| x

X=ltem that may not be consistent with the NFIP.
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Table 1I-5

SUMMARY OF SELECTED KEY NFIP PROVISICNS, CODE CITATIONS, AND REFERENCE DOCUMENTS

KEY PROVISIONS
OF THE NFIP

2000 1BC

2000 IRC

ASCE 24-98

OTHER PUBLICATIONS

60.3(a)(3)(i) new construction
and substantial
improvements to be
designed and adequately
anchored to prevent
flotation, collapse, or lateral
movement

1605.2.2 and 1605.3.1.2
flood loss and load
combinations (reference
ASCE 7)

1612.4 design and
construction (referenence
ASCE 24)

R301.1 construction to
support all loads, including
flood loads

R327.1.1 structural systems
designed, connected, and
anchored

Section 5.6 anchorage and
connections {o resist effects
of vertical and lateral loads

ASCE 7-88, Minimum
Design Loads for Buildings
and Other Structures

60.3(a)(3)(ii) new
construction and substantial
improvements to be
constructed with matenals
resistant to flood damage

801.1.3 interior finishes, trim,

and decorative materials to
be in accordnace with
FEMA FIA-TB#2

1403.7 exterior walls to be
resistant to water damage

R327.1.7 and R501.3
building materials to be
flood resistant, instaflation
methods for flooring and
walls to conform to FEMA
FIA-TB#2

Chapter 8 exposed
structural and non-structural
materials, including
connections, to be resistant
to damage, deterioration,
cormosion or decay due to
direct and prolonged
contact with floodwater

National Evaluation Service,
inc., Evaluation Plan for
Determination of Flood-
Resistance of Building
Elements

Technical Buletin FEMA
FIA-TB#2: Flood-Resistant
Material Requirements for
Buildings Located in Special
Flood Hazard Areas
Technical Bulletin FEMA
FIA-TB#8: Corosion
Protection for Metal
Connectors in Coastal Areas
for Structures Located in
Special Flood Hazard Areas

60.3(a)(3)(iv) electrical,
heating, ventilation,
plumbing, and air
conditioning equipment and
other service facilities to be
designed and/or located to
protect components

1612.4 design and
construction of buildings
and structures (including
utility support systems) to
be in accordance with
ASCE 24

R327.1.5 new and
replacement mechanical
and electrical systems to be
elevated

IFGC R301.5 appliance
instatlations fo be elevated
or otherwise protacted
R1601.3.8 ducts and ducts
systems to be elevated

Chapter 8 utiliies and
attendant equipment to be
elevated or designed,
constructed and installed to
prevent floodwaters from
entering or accumulating
within the components;
utllities not to be mounted
on breakaway walls

FEMA 348, Protecting
Building UWilities From Flood
Damage: Principles and
Practices for the Design and
Constriction of Flood
Resistant Building Utility
Systems

Technical Bulletin FEMA
FIA-TB#4: Elevator
Instaflation for Buildings
Located in Special Flood
Hazard Areas

60.3(a}E)H)
new/replacement sanitary
sewage system designed
to minimize/eliminate
infiltration/discharges

{il) onsite waste disposal
systems located to avoid
impairment or contamination

Appendix G 401.3
Sewer facilities

R327.1.6 general
performance, refer o
Chapter 3 of the Intemational
Private Sewage Disposal
Code

Section 8.3 buried and
exposed plumbing
systems, systems below
flood level, and sanitary
systems, including septic
tanks

FEMA 348, Protecting
Building Uilities From Flood
Damage: Principles and
Practices for the Design and
Construction of Flood
Resistant Building Utility
Systems

all development, including
placement of manufactured
homes

60.3(b)(1) require permits for

Appendix G 101.3 Scope
{and definition of
Development)

R101.2 Scope

R105.3.1.1 specifically
addresses substantial
improvement and substantial
damage of existing
buildings

Appendix E

Manufactured Housing Used
as Dwellings AE101,
Exception, refers to IRC
Section R327

Appendix J Existing

Sectlon 1.1 defines the
scape to be new structures,
including subsequent work
and substantial repair or
substantial improvement

ASFPM and Federal
Interagency Flocdplain
Management Task Force,
Addressing Your
Community's Flood
Problems: A Guide for
Elected Officials

FEMA EMI 1S9, Managing
Floodplain Development
Through the NFIP
{independent study course}

Butiding$-AJ1H02:5-workimn
existing buildings in flood
hazard areas per R165.3.1.1
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Table II-5 SUMMARY OF SELECTED KEY NFIP PROVISIONS, CODE CITATIONS, AND REFERENCE DOCUMENTS (contd)

KEY PROVISIONS
OF THE NFIP

2000 18C

2000 IRC

ASCE 24-98

OTHER PUBLICATIONS

60.3(b)(5) where flood
elevation data are provided:
(1) obtain iowest floor
elevation of new and
substantially improved
structures

(i) for floodproofed non-
residential structures, obtain
elevation to which structure
was floodproofed

(tit) maintain records of
elevations

109.3.3 inspection and
submission of Elevation
Certificate

1612.5.1 submission of
specific certifications,
including Elevation
Certificate

104.7 and Appendix G
103.8 retention of
Department records

R109.1.3 inspections and
submision of Elevation
Certificate

R104.7 retention of
Department records

Does not address
administrative requirements
of submissions of
certifications

Elevation Centificate (FEMA
Form 81-31).

{Online]. Available:
hitp://www.fema.gov/library-
felveert.pdf

Floodproofing Certificate
(FEMA Form 81-65) [Online].
Available:
http://www.fema.gov/nfip/ff-
81-65.pdf

80.3(b)(8) require installation
of MFH using methods to
minimize food damage,
including anchoring, and to
resist wind forces

Appendix G 501.1
elevation requirements
Appendix G 501.2
foundation requirements
Appendix G 501.3
anchoring requirements

R327.1.8 MFH elevation per
R327.2; anchor and tie-down
per AE604 and AEBQS.

MFH in Floodways per IBC
Appendix AE101 refers to
IRC Section R327

Does not specifically
address manufactured
housing separate from other
buildings.

Foundations for MFH to be
designed as other
foundations and based on
location within lood hazard
areas (with and without high
velocity wave action)

FEMA 85, Manufactured
Home Installation in Flood
Hazard Areas

60.3(c)2) require all new
and substantially improved
structures to have the
lowest flocr elevated to or
above the flood elevation

1603.1.6 Flood load
(information in application)
1612.4 design and
constuction (reference
ASCE 24)

3402.1 Exception requires
substantial improvement or
repair of existing building to
be brought into compliance
with flood provisions

R105.3.1.1 specifically
addresses substantial
improvement and substantial
damage of existing
buildings

R327.2.1 elevation
requirements, except for
conforming enclosures
R327.1.4 iowest floor,
excluding enclosures that
meet cerntain use limitations
and are compliant

Sectlon 2.4 specifies
general elevation
requirements

Section 2.5 and Chapter 5
detail foundation design
requirements

FEMA 259, Engineering
Principles and Practices for
Retrofitting Flood Prone
Residential Buildings

60.3(c)(3) for non-residential
structures:

) lowest floor elevated, or
(i) floodpreofed (inciuding

utifity and sanitary facilities)

1612.4 design and
constuction {reference
ASCE 24)

Not applicable to Ore-and
Two-Family Dwellings

Section 2.4 specifies
general elevation
requirements

Chapter 7 details
restrictions and
requirements for dry and
wet floodproofing

Technical Bulletin FEMA
FiA-TB#3: Non-Residential
Floodproofing - Requirements
and Certification for
Buildings Located in Special
Flocd Hazard Areas

FEMA 348, Protecting
Building Uilities From Flood
Damage: Principles and
Practices for the Design and
Construction of Flood
Resistant Building Utility
Systems

60.3(c)(4) for floodproofed
non-residental structures:
{i) registerad design
professional to develop
and/or review the stuctural

104.7 retention of
Department records
1612.5.1 submission of
specific certifications,
including Elevation

Not applicable to One- and
Two-Family Dwellings

Chapter 7 details
restrictions and
requirements for dry and
wet floodproofing, but does
not include administrative

Floodproofing Certificate
(FEMA Form 81-65} [Cniine].
Available:
hitp://www.fema.gov/nfip/H-
81-65.pdf

qesign ard certly
(i) certification retained in
records

Certficate

requirements
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Table H-5 SUMMARY OF SELECTED KEY NFIP PROVISIONS, CODE CITATIONS, AND REFERENCE DOCUMENTS (contd)

KEY PROVISICNS
OF THE NFIP

2000 1BC

2000 RC

ASCE 24-98

OTHER PUBLICATIONS

60.3(c)(5) fully enclosed
areas below elevated
buildings are to be: fimited
in use {parking, access,
storage); provided with
flood openings that meet
minimum criteria or are
designed and certified by a
registered design
professional

1202.3 under-floor ventilation
{exception allows flood
openings)

1612.4 design and
construction {reference
ASCE 24)
1612.5.1 Flood hazard
certifications {for flood
opening designs other than
as specified)

R327.2.2 enclosed area
below design flood
alevations, use fimitations
and flood openings
specificatons

R408.5 Enclosing underfioor
spaces to have flocd
openings

Garages allowed if elevated
or compliant with provisions
for enclosures below
elevated buildings

Section 2.8 details
provisions for enclosures F
below DFE, including
engineered and non-
engineered openings

Technical Bulletin FEMA

IA-TB#1: Openings in

Foundation Walis for
Buildings Located in Special
Flood Hazard Areas

60.3(d)(3) prohibit floodway
encroachment unless no

Appendix G 103.5 and G
401.1 floodway

demonstrated

impact on flood levels is

development not authorized
unless no increase in flood
level is demonstrated

R301.2.4 residential
development in flocdways
to be reviewed under the
1BC

R327.1.8 manufactured
housing in flocdways to
comply with the IBC

Section 2.3 flood elevations | FEMA EMI IS-9, Managing
and conveyance to be Floodplain Development

Through the NFIP
(independent study course)
FEMA FIA-12, Appeals,
Revisions, and Amendments
to NFIP Maps: A Guide for

Community Officials

Additional requirements for buildings and structures in food hazard areas

subject to high velocity wave action (V Zones)

60.3(e)(4) require all new

and substantially improved
construction to be elevated
on pilings and columns so

1603.1.6 specifies elevation
of the lowest of the bottom
of the lowest horizontal
structural member

that: 1605.2.2 and

(i) bottom of lowest

1605.3.1.2 fiood loads and

horizontal structural member | combined loads

of the lowest floor is at or
above the flood elevation,

(i) pile or column ASCE 24)
foundation and structure are | 1612.5.2 submission of
anchored to resist flotation, | certifications

coilapse and lateral
movement due to wind and
water loads; registered
design professional to
develop or review the
design, specifications and
plans and provide
certification

1612.4 design and
construction (reference

R327.3.1 elevation
requirements

R327.3.2 foundation
requirements, including wind
and water loads

R327.3.5 registered
professional to cerify
design and methods of
construction

Section 2.4 and

Section 4.4 specify
elevation requirements
Section 2.5, Chapter 4, and
Chapter § address
foundations and designs

FEMA 55, Coastal
Construction Manual
Technical Bulletin FEMA
FIA-TB#8: Corosion
Protection for Metal
Connectors in Coastal Areas
for Structures Located in
Flood Hazard Areas

60.3(¢)(5) enclosed areas, if { 1612.4 requires design and
consiruct in accordance with
ASCE 24

1612.5.2 submission of
certificaton of breakaway
wail design under certain
circumstances

any, are o be constructed
with non-supporting,
breakaway wails, lattic, or
screening intended to
collapse under wind and
water loads; uses limited to
parking, building access, or
storage

R327.3.3 specifications for
walls and partiticns of
enclosures below DFE with
breakaway walls, and
references ASCE 7 (Section
5.3.2.2} for design criteria
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Chapter III: Parameters of Retrofitting
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PARAMETERS OF RETROFITTING

In this chapter, the factors that influence retrofitting decisions are examined and com-
pared with various methods to determine the viability of specific retrofitting techniques.

These factors include:
* homeowner preferences,

* community regulations and permitting requirements, and

* technical parameters.

Factors such as homeowner preference and technical parameters are key elements in
identifying appropriate retrofitting measures, while consideration of the multiple flood-
related and non-flood-related hazards is critical in designing the retrofitting measure and/
or avoiding the selection of a poor retrofitting method.

This selection of alternatives can be streamlined through the use of two generic retrofit-
ting matrices, which are designed to help the designer narrow the range of floodproofing

options:

Preliminary Floodproofing/Retrofitting Preference Matrix (F igure I1I-1), which
focuses on factors that influence homeowner preference and those measures allowable

under local regulations.

Retrofitting Screening Matrix (Figure II1-3), which focuses on the objective physical
factors that influence the selection of appropriate retrofitting techniques.
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Chapter 1II: Parameters of Retrofitting

EXAMINATION OF OWNER PREFERENCES

The proper evaluation of retrofitting parameters will require
a series of homeowner coordination and design input
meetings. Ultimately the homeowner will have to deal with
the flood protection environment on a daily basis. There-
fore, the functional and cosmetic aspects of the retrofitting
measure, such as access, egress, landscaping, appearance,
etc., need to be developed by including the homeowner’s
thoughts and ideas. Most retrofitting measures are perma-
nent and should be considered similar to a major home
addition or renovation project. The design should incorpo-
rate the concepts of those who will be using the retrofitted

structure.

Issues that should be addressed include:
+ retrofitting aesthetics,

+ economic considerations,

» risk considerations,

+ accessibility,

¢
~ + local code requirements,

In order to avoid any future
misunderstandings, designers + building mechanical/electrical/plumbing system

should use their skills and knowl-
edge of retrofitting projects to
address technical implications
while working with homeowners. « offsite flooding impacts.
Many owners have little or no
technical knowledge of retrofitting
and naturally look to the designer
or local official for guidance and
expert advice.

upgrades, and
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Examination of Owner Preferences

The Preliminary Floodproofing/Retrofitting
Preference Matrix, (Figure III-1), assists the
designer in documenting the initial consultation
with the homeowner. The first consideration,
measure allowed by community, enables the de-
signer to screen alternatives that are not permissible
and must be eliminated from further consideration.
Discussion of the considerations for the remaining
measures should lead to a “no” or “yes” for each of
the boxes. Examination of the responses will help
the homeowner and designer select retrofitting
measures for further examination that are both
viable and preferable to the owner.
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Chapter III: Parameters of Retrofitting

Considerations

Owner Name: Prepared By:
Address: Date:
Property Location:
Floodproofing
Measures

Elevation | Elevation | Elevation | Elevation | Elevation [Relocation| Dry Flood-|Wet Flood-| Floodwalls
on onFill | onPiers | onPosts | on Piles proofing | proofing and
Foundation and Levees

Walls Columns

Measure Aliowed or
Cwner Requirement

Aesthetic Concerns

High Cost Concerns

Risk Concerns

Accessibility Concerns

Code Reguired
Upgrade Concerns

Off-Site Flooding Concerns

Total “X's”

|

i
!

Instructions:

Determine whether cr not floodproofing measure is allowed under local regulations or
homeowner requirement. Put an “x” in the box for each measure which is not allowed.
Complete the matrix for only those measures that are allowable (no "x" in the first row). For
those measures allowable or owner required, evaluate the considerations to determine if
the homeowner has concerns which would impact its implementation. A concern is defined
as a homeowner issue which if unresclved would make the retrofitting method(s) infeasible.
If the homeowner has a concern, place an ‘X" in the box under the appropriate
measure/consideration. Total the number of “x’s.” The flcodproofing measure with the least
number of "x's” is the most preterred.

Figure HI-1: Preliminary Floodproofing/Retrofitting Preference Matrix
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Examination of Owner Preferences

THE INITIAL HOMEOWNER MEETING

The first step in the homeowner coordination effort is the
educational process for both the designer and the property
owner. This step is a very important one.

The Homeowner Learns:

+ How it was determined that the home is in the flood-
plain;

« Possible impacts of an actual flood;
» Benefits of flood insurance;
» Physical, economic, and risk considerations, and

«  What to expect during each step in the retrofitting
process.

The Designer Learns:
* Flood history of the structure;
+ Homeowner preferences;
« Financial considerations;

« Special issues, such as accessibility requirements for
the disabled, and

+ Information about the subject property such as:
- topographic surveys,

- site utility information, and

- critical home dimensions.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures HI-5
June 2001



Chapter III: Parameters of Retrofitting

During this initial meeting, the designer and homeowner
should jointly conduct a preliminary assessment of the

property to determine which portions of the structure
require flood protection and the general condition of the
structure. This initial evaluation will identify the elevation
of the lowest floor and the elevation of potential openings
throughout the structure through which floodwaters may
enter the residence.

1-6
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Examination of Owner Preferences

P o

The evaluation of information
obtained during the initial meeting
with the homeowner will help the
designer and owner address the
flood threat to the entire structure
and the vulnerability of specific
openings to floodwater intrusion.

5

Sometimes it is necessary for a
field survey to be conducted by a
professional land surveyor before
design documents are developed.
However, frequently the home-
owner and designer may be able to
develop a rough elevation relation-
ship between the expected flood
elevation, the elevation of the
lowest floor, and the low points of
entry to the structure sufficient for
an initial evaluation.

INITIAL SITE VISIT

A Low Point of Entry determination, illustrated in Figure
1II-2, determines the elevation of the lowest floor and each
of the structure’s openings, and may include:

* basement slab elevation;

+ windows, doors, and vents;

« mechanical/electrical equipment and vents;
» the finished floor elevation of the structure;
+ drains and other floor penetrations;

* water spigots, sump pump discharges, and other wall
penetrations;

» other site provisions that may require flood protection,
such as storage sheds, wellheads, and storage tanks; and

+ the establishment of an elevation reference mark on or
near the house.

Once.the Low Point of Entry determination has been
completed, the designer/owner can determine the flood
protection elevation and/or identify openings that need to
be protected (in the case of dry floodproofing).

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 17
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Chapter III: Parameters of Retrofitting

The approximate height of the retrofitting measure can be
v\ used by the owner and designer as they evaluate each of the

~ parameters of retrofitting discussed in this chapter. In

addition to determining the Low Point of Entry, this initial

A detailed di i f how t . . . .
crarec GIScussion o oW 1o site visit should be used to assess the general overall condi-
evaluate the costs of different .
tion of the structure.

alternatives and the effect of the

Low Point of Entry may be found A ; P 2,
. OF, [ L2 ey LR
in the chapter on Benefit/Cost \1 i f'f); aal s L )/~ :
Analysis. R & T
Low Point of Entry Low Point of Entry Utility Hazards
Hose Bib Window Sill A/C Unit
Sump Pump Electric/Gas Meter
Discharge
i i ] ]
L ) | B
e l T I Ground
1 T o 1 T
o N
i e d i 1y
1 ! L, 1 [
i ! b 1 [ -
! - H U oo b B e o o 1
| ! i, 1 [
i ! L. ] [ ]
! & 1 )
.$_| LI, mmmm AT
e e e e Window or Door Sill
/ Low Point of Entry Structural opening Dryer Vent
Top of Window Wells Window or Door Sili
Top of Areaway Stairwell Backflow Hazards
Floor Drains and b‘ .
Lowest Fioor Elevation Sanitary Sewers -~ Survey Point
Top of Basement Slab or
Top of First Floor

Figure 1II-2: Low Point of Floodwater Entry Survey for a Typical Residential Structure
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Examination of Owner Preferences

AESTHETIC CONCERNS

Although physical and economic considerations may help
determine feasible retrofitting measures for individual
buildings, the homeowners may consider other factors
equally or more important. Aesthetics, for example, is a
subjective issue.

The homeowner may reject a measure that scores high for
all considerations except aesthetics. On the other hand,
what may be aesthetically pleasing to the homeowner may
not be technically appropriate for a project. Here, a
designer must use skill and experience to achieve a
common ground. In doing so, the homeowner’s preference
should be considered, while not jeopardizing the structural,
functional, and overall success of the proposed project.

An aesthetically pleasing solution that also performs well as
a retrofitting alternative can be achieved through an
understanding of the relationship between the existing and
proposed modifications, creative treatment and
modification of surrounding landforms, proper landscaping
techniques, and preservation of essential and scenic views.

ECONOMIC CONSIDERATIONS

At this point, the designer should not attempt to conduct a
detailed cost analysis. Rather, general estimates of the cost
of various retrofitting measures should be presented to the
homeowner.

As discussed in Chapter I, the cost of retrofitting will
depend on a variety of factors including the building’s
condition, the retrofitting measure to be employed, the
design flood elevation, the choice of materials and their
local availability, the availability and limitations of local
labor, and other site-specific issues (i.e., soil conditions and
flooding levels) and other hazards.
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Chapter I11: Parameters of Retrofitting

The following costs are nationwide averages that may need
to be adjusted for local economic conditions. They were
derived from various sources, including FEMA 312,

Cost information on elevation of Homeowner's Guide to Retrofitting (June 1998) and the
substantially dumaged structures is USACE document, Flood Proofing, How to Evaluate Your
availabls froma variatylof post- Options. They are provided to assist in economic analysis

disaster documents prepared by
FEMA as a result of recent
disasters. Two such documents
were prepared following Hurricane
Andrew in Florida (January 1993)
and the Midwest Flood of 1993,
Cost data from these two docu-
ments suggest that elevation costs
for substantially damaged homes
may vary significantly from the
elevation costs listed in Table [11-1.

and preliminary planning purposes.

Table I11-1 Elevation and Relocation Cost Guide
Construction Foundation Elevation Relocation Per
Type Type Cost Cost

Basement $18 $34 square foot

Wood Frame Crawlspace $18 $29 square foot
Slab-on-Grade 350 $54 square foot

Basement $37 $52 square foot

Masonry Crawlspace $37 $34 square foot
Slab-on-Grade $50 $65 square foot

Table lll-1 Assumptions:

1. Elevation costs include foundation, existing utilities, and miscellaneous items, such as extending
staircases.

2. Elevation unit cost is based on a 2-foot raise. Add $0.80 per square foot for each additional foot of
elevation up to 8 feet. Above 8 feet, add $1.05 per square foot.

3. Relocation costs include off-site relocation (less than 5 miles) and new site development for a 1,000 SF
building. Extrapolation of this unit cost to farger buildings may result in artificially high estimates
because the costs of relocation do not increase proportionally with building size.

4. Relocation costs do not include the cost of restoring the old site, which would be $12 per square foot of

building footprint regardiess of construction type of foundation type:

5. For wood frame house with brick veneer on walls, add 10 percent to elevation and relocation costs.
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Examination of Owner Preferences

5 o

In relocating a structure, the cost
of preparing the new site and
cleaning up the old site must be

considered.
Table 11I-2 Floodwalls and Levees Cost Guide
Type Cost Per
Floodwalls, two feet above ground level $90 linear foot
Floodwalls, four feet above ground level $132 linear foot
Levees, two feet above ground level $39 linear foot
Levees, four feet above ground level 373 linear foot
Levees, six feet above ground level $122 linear foot

Fioodwall costs are based upon typical foundation depth of 30 inches. Levee costs are
based upon typical foundation depth of one foot, 5-foot top width, and 1:3 side slopes.
Levee costs include seeding and stabilization. Additional costs that may need to be
estimated for both floodwalls and levees are as follows:

Interior Drainage $4,500 lump sum
Closures $77 square foot
Riprap 333 cubic yard
Seeding of disturbed areas $0.05 square foot

More detailed cost estimating guidance is provided in Chapters V and V1.
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' \ Chapter I1l: Parameters of Retrofitting

Table 1I-3 Dry Floodproofing Cost Guide
Type Cost Per
Sprayed-on Cement (above grade) $3.50 square foot
Waterproof Membrane (above grade) $1.17 square foot
Asphalt (2 coats below grade) $1.17 square foot
Perimeter drainage $33 linear foot
Plumbing Check Valve $660 jump sum
Sump Pump (with backup battery) $1,060 jlump sum
Metal Flood Shield $77 square foot
Wood Flood Shield 524 square foot

Table {l1-3 Assumptions:

1. Cement, membrane, and asphalt are alternative sealant methods.
2. Asphalt costs do not include the cost of excavation.
Table 1I1-4 Wet Floodproofing Cost Guide
. Height of Wet | Foundation
Construction Type Floodproofing Type Cost Per
5 foat Basement $1.80 square foot of
Crawispace $1.40 house footprint
Woodoi:rame 4 feet SR $3.70 square foot of
Masonry Crawlspace $3.45 house footprint
S ot Basement 310.60 square foot of
Crawlspace NA house footprint

Table HI-4 Assumptions:

1.

ro

w

For house with basement, the height of wet floodproofing is measured in feet above basement floor. For
house with crawlspace, the height of wet floodproofing is measured in feet above lowest adjacent grade.
Basements are unfinished.
"MA" indicates a house would almost never have a crawlspace 8 faet nigh which is nearly the height of
a full story.
Additional costs which may be included:
* temporary living quarters (displacement costs) that may
be necessary during construction (estimate: relocation -
3 to 4 weeks; elevation - 2 to 3 weeks),
+ professional or architectural design (10% of the costs of
selected retrofitting measures).

« contractors” profit {10% of the estimated costs). and

+contingency to account for unknown or unusual conditions.

fi1-12
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Examination of Owner Preferences

Table III-5 can serve as a guide for developing the initial planning level estimate for each retro-
fitting alternative being considered.

Table 111-5 Preliminary Cost Estimating Worksheet

Owner Namei— Prepared By:
Address: Date:

Property Location:

Cost Component Unit Unit Cost Quantity Total

Subtotal Retrofitting Measure

Contractor's Profit (109%)

Design Fee (10%) (optional)

Lass of ncome (optional)
Displacernent Expenses (optional)
Contingency

Subtotal Other Costs

Total Costs

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures I11-13
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Chapter I1I: Parameters of Retrofitting

RISK CONSIDERATIONS

Another element that is included in the evaluation of
retrofitting measures is the risk associated with a do-
nothing approach. Risk can also be established among the
various measures by knowing the exceedence probability
of floods and the design flood levels for competing mea-
sures. Relocation is an example of how retrofitting can
eliminate the risk of flood damage. On the other hand, a
levee designed to protect against a 10-percent chance
annual exceedence probability (10-year) flood would have
an 88-percent chance of being overtopped during a 20-year
period. Such information will assist the homeowner in
evaluating the pros and cons of each measure. Table III-6
provides the probabilities associated with one or more
occurrences of a given flood magnitude occurring within a
specific number of years.

Table I1I-6 Flood Risk
Frequency-Recurrence Interval (Year-Event)
10 25 50 100 500
1 10% 4% 2% 1% 0.2%
Length 1 40 65% 3% | 18% | 10% | 2%
(l;eer;:«; 20 88% 56% | 33% | 18% 5%
25 93% 64% 40% 22% 5%
30 96% 1% 45% 26% 6%
50 99+% 87% 64% 39% 10%
100 99.99+% 98% 87% 63% 18%
The table values represent the probabilities, expressed in percentages, of one
or more occurrences of a flood of given magnitude or larger within a specified
number of years.
I1-14 Engineering Principies and Practices of Retrofitting Flood-Prone Residential Structures
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Examination of Owner Preferences

Flood probabilities are also useful in evaluating the home-
owner inconvenience aspects of retrofitting. Reducing
cleanup and repairs, lost time from work, and average non-
use of a building from once in two years to once in ten
years could be a powerful incentive for retrofitting even
though other aspects may be less convincing.

ACCESSIBILITY FOR THE DISABLED

Accessibility for the disabled is an issue that must be
addressed primarily on the specific needs of the owner.
Many retrofitting measures can create access problems for
a house that was previously fully accessible. The Ameri-
cans with Disabilities Act (ADA) of 1990 and the Fair
Housing Amendment Act (FHA) of 1988 and other accessi-
bility codes and regulations do not specifically address
private single-family residences, which are the focus of this
manual. However, the above-mentioned regulations con-
tain concepts that may be of assistance to a designer repre-
senting a disabled property owner.

It is important for the designer to remember that the term
disabled does not refer only to someone who uses a wheel-
chair. Other disabilities may include:

* limited mobility requiring the use ot a walker or cane,
which can inhibit safe evacuation;

» aperson’s limited strength to open doors, climb stairs,
install flood shields, or operate other devices; and

» partial or total loss of hearing or sight.

Special considerations such as small elevators may be
needed.

Discussion of the above factors with the homeowner and
utilization of the Preliminary Retrofitting Preference
Matrix will allow the designer to rank the retrofitting

methods hy homeowner prPFPrPnCP
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Chapter I1I: Parameters of Retrofitting

P 4

A designer should become familiar
with the prevailing conditions,
codes, and legal restrictions
particular to a building’s location.

ki

Some communities require that
structures undergoing substantial
rehabilitation, either because of
previous damage or significant
improvements/additions, be
brought into compliance with
current building codes. In
addition to floodplain manage-
ment requirements, these require-
ments could mnclude items such as
the addition of fire alarms,
removal of lead water pipes,

COMMUNITY REGULATIONS AND PERMITTING

LOCAL CODES

Most local governments regulate building activities by
means of building codes as well as floodplain and zoning
ordinances and regulations. With the intent of protecting
health and safety, most local codes are fashioned around
the model building codes discussed in Chapter II. The
designer should be aware that modifications may be under-
taken to make the model codes more responsive to the local
conditions and concerns in the area, such as seismic and
hurricane activity, extreme cold, or humidity.

Determination of which retrofitting measures are allowed
under local regulations is an important step in compiling
the Preliminary Floodproofing/Retrofitting Preference
Matrix. Retrofitting measures not allowed under local
regulations will be screened and eliminated from further

consideration.

BUILDING SYSTEMS/CODE
UPGRADES

Other local code requirements must be met by owners
building improvements. Most building codes require
approval when elevation 1s considered, especially if struc-
tural modification and/or alteration and relocation of
utilities and support services are involved.

If more stringent laws have been adopted since a building
was constructed, local code restrictions can seriously affect
the selection of a retrofitting method because construction
may be expected to comply with new building codes.

1i-16
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Community Regulations and Permitting

OFFSITE FLOODING IMPACTS

Where a chosen retrofitting measure requires the modifica-
tion of site elements, a designer shall consider how adjacent

properties will be affected.

»  Will construction of levees and floodwalls create
diversions in the natural drainage patterns?

*  Will new runoffs be created that may be detrimental to
nearby properties?

+ If floodproofing disturbs the existing landscape, will
regrading and relandscaping undermine adjacent streets

V\ and structures?
P

*  Will the measure be unsightly or increase the possibility
of sliding and subsidence at a later date?

Addressing offsite impacts and
issues is as much a matter of
responsible practice and con-

sci it i i t of o .
selente 85 1L 18 @ reduirement o  Ifabuilding is to be relocated to another portion of the

most building codes and flood-

plain management ordinances. current site, or if it is to be elevated, will it encroach on

established easements or rights-of-way?

*  Will the relocated building infringe on wetland areas or
regulated floodplains?

' These and other questions must be addressed and satisfac-
NFIP, state, and local regulations torily answered by the designer and homeowner in select-
do not allow construction within a . . .

ing the most appropriate retrofitting measure. Both must be

floodway or, in some cases,
within a floodplain that would
back up and increase flood levels.

aware of the liabilities that may be incurred by altering
drainage patterns and other large-scale site characteristics.
The designer should insure that any modified runoffs do
not cause negative impacts on the surrounding properties.
The means necessary to collect, conduct, and dispose of
unwanted flood or surface water resulting from retrofitting

e e e e e e e mmmmmmwm@d”ﬂ_“__ ,,,,,,,,,,,,,,,,,,,,,,,,,,, .
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TECHNICAL PARAMETERS

Once the designer has resolved preliminary retrofitting
preference issues with the owner, a more intensive evalua-
tion of the technical parameters is normally conducted,
including tlooding, site, and building characteristics.
Figure III-3 provides a Retrofitting Screening Matrix
(worksheet) that can be used to evaluate which measures
are appropriate for individual structures. Instructions for
using this matrix are presented in Figure III-4. The remain-
der of this chapter provides background information on
each of the technical parameters, which will be useful to the
designer in completing the Retrofitting Screening Matrix.

111-18
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Technical Parameters

Owner Name: Prepared By:

Address: Date:
Property Location:

Measures | Elevation | Elevation ; Elevation |Relocation| Dry Flood-|{Wet Flood-| Floodwalls
on onFill | onPiers, proofing | proofing and
Foundation Piles, Levees
Walls Posts, and

Parameters Columns

Measure Permitted by Community
or Preferred by Homeowner

Flood Depth

Shallow (<3 feet)
Moderate (3 to 6 feet)
Deep (>6 feet)

Flood Velocity
Slow/Moderate (<5 fps)
Fast (>5 fps)

Flash Flooding

Yes (<1 hour) 2
No

lce and Debris Flow
Yes 6 4 N/A 4
No

Site Location
Flocdway 5 5 5 5 5 5 5
Other A Zone
Soil Type
Permeable I 3 3
impermeable f [
Building Foundation
Slab on Grade

Craw! Space
Basement 6 6
Building Construction (Framing)
Concrete or Masonry |
Wood and Others , |
Building Condition
Excellent to Good

N/A
N/A N/A N/A

1 1 1 N/A 1

Flooding Characteristics

Site Characteristics

N/A

SRS U S

| Building Characteristics

Fair to Poor 6 6 | 6 6

Figure [l-3: Retrofitting Screening Matrix
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The Retrofitting Screening Matrix (Figure ili-3) is designed to screen and eliminate
retrofitting techniques that should not be considered for a specific situation.

Step 1: Screen alternatives which are not permitted nor preferable to the homeowner and are eliminated
from further consideration, by inserting N/P (not permitted) in the appropriate box(es) on the
Measures Permitted by Community row. !If a N/P is placed in a column representing a retrofitting
measure, that alternative is eliminated from consideration.

Step 2: Select the appropriate row for each of the nine characteristics that best reflect the flooding, sits,
and building characteristics.

Step 3: Circle the N/A (not advisable) boxes that apply in the rows of characteristics selected. Do not
circle any N/A boxes where there is a plan to engineer a solution to address the specific

characteristic.

Step 4: Examine each column representing the different retrofitting measures. If one or more N/A boxes
are circled in a column representing a retrofitting measure, that alternative is eliminated from
consideration.

Step 5: The numbers enclosed in the boxes represent special considerations (detailed below) which
must be accounted for o make the measure applicable. If the conslideration cannot be
addressed, the number should be circled and the measure eliminated from consideration.

Step 6: Retrofitting measures that remain should be further evaluated for technical, benefit-cost, and
other considerations. A preferred measure should evolve from the evaluation.

N/A Not advisable in this situation.

N/P  Not permitted in this situation.

1 Fast flood velocity is conducive to erosion and special features to resist anticipated erosion may
be required.
2 Flash flooding usually does not allow time for human intervention; thus, these measures must

perform without human intervention. Openings in foundation walls must be large enough to
equalize water forces and should not have removable covers. Closures and shields must be
permanently in place, and wet floodproofing cannot include last-minute modifications.

3 Permeable soils allow seepage under floodwalls and levess; therefore, some type of subsurface
cutoff feature would be needed beneath structures. Permeable soils become saturated under
flood conditions, potentially increasing soil pressures against a structure, therefore some type of
foundation drain system or structure may be needed.

4 Ice and debris loads should be considered and accounted for in the design of foundations and
floodwall/levee closures.

5 Any retrofitting alternative considered for the floodway must meet NFIP, state, local, and
community floodplain requirements concerning encroachment/obstruction of the floodway
conveyance area.

6 Not advisable in this situation, uniess a specific engineering solution is developed to address the
specific characteristic or constraint.

Figure [11-4: Instructions for Retrofitting Screening Matrix
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FLOODING CHARACTERISTICS

Riverine flooding is usually the result of heavy or pro-
longed rainfall or snowmelt occurring in upstream inland
watersheds. In some cases, especially in and around urban
areas, flooding can also be caused by inadequate or im-
proper drainage. In coastal areas subject to tidal effects,
flooding can result from wind-driven and prolonged high
tides, poor drainage, storm surges with waves, and tsuna-

mis.

There are several different flood characteristics that must be
examined to determine which retrofitting measure will be
best suited for a specific location. These characteristics not
only indicate the precise nature of flooding for a given area,
but can also be used to anticipate the performance of
different retrofitting measures. These factors are outlined

below.

Flood Depth

Determining the potential depth of flooding for certain
flood frequencies is a critical step because it is often the
primary factor in evaluating the potential for flood damage.

A building is susceptible to floods of various depths.
Floods of greater depth occur less frequently than those of
lesser depths. Potential flood elevations from significant
flooding sources are shown in Flood Insurance Studies
(FIS) for most participating NFIP communities. For the
purpose of assessing the depth of flooding a structure is
likely to endure, it is convenient to use the flood levels
shown in the study, historical flood levels, and flood infor-
mation from other sources. The depth of flooding affecting
a structure can be calculated by determining the height of
the flood above the ground elevation at the site of the

structure.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 1i-21

June 2001



Chapter III: Parameters of Retrofitting

i; forces
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Figure 11i-6: Hydrostatic Forces

LB AR

Figure HI-5: Photographs showing mud lines on homes are a source of
historical information

For those areas outside the limits of an FIS or state, com-
munity, or privately prepared local floodplain study, deter-
mination of flood depth may require a detailed engineering
evaluation of local drainage conditions to develop the
necessary relationship between flow (discharge), water-
surface elevation, and flood frequency. The designer
should contact the local municipal engineer, building
official, or floodplain administrator for guidance on com-
puting flood depth in areas outside existing study limits.

Floodwaters can impose hydrostatic forces on buildings.
These forces result from the static mass of water acting on
any point where floodwater contacts a structure. They are
equal in all directions and always act perpendicularly (or
normally) to the surfaces on which they are applied. Hy-
drostatic loads can act vertically on structural members
such as floors and decks (buoyancy forces) and laterally
(hydrostatic forces) on upright structural members such as
walls, piers, and foundations. Hydrostatic forces increase
linearly as the depth of water increases. Figure I1I-6 illus-

trates the hydrostatic forces generated by water depth.
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[f a well-constructed building is subject to flooding depths
of less than three feet, it is possible that unequalized hydro-
static forces may not cause significant damage. Therefore,
consideration can be given to using barriers, sealants, and
closures as retrofitting measures. If shallow flooding (less
than three feet) causes a basement to fill with water, wet
tloodproofing methods can be used to reduce flood damage
to basements.

If a residential building is subject to flooding depths greater
than three feet, elevation or relocation are often the most
effective methods of retrofitting. Water depths greater than
three feet can often create hydrostatic forces with enough
load to cause structural damage or collapse if the house is
not moved or elevated. One other potential method (pro-
vided the cost is not prohibitive) is the use of levees and
tfloodwalls designed to withstand flooding depths greater
than three feet.

Figure I1I-7: Buoyancy forces from flood waters caused structure to lift off foundation
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The use of existing and historical
data can be very useful in analyz-
ing the flood threat. Through
interviews with residents, approxi-
mate dates of flooding may be
established, as well as remembered
depths of flooding, types of
velocity (moving or standing
water), duration of flooding, etc.
Once the dates have been estab-
lished, the designer can check
other sources such as newspapers
and the National Weather Service
for additional information.

Flood Velocity

The speed at which tloodwaters move (flood flow velocity)
1s normally expressed in terms of fect per second (fps). As
floodwater velocity increases, hydrodynamic forces im-
posed by moving water are added to the hydrostatic forces
trom the depth of still water, significantly increasing the
possibility of structural failure. Hydrodynamic forces are
caused by water moving around an object and consist of
positive frontal pressure against the structure, drag forces
along the sides, and negative pressures on the building’s
downstream face. Greater velocities can quickly erode, or
scour, the soil supporting and/or surrounding buildings.
Thus, the impact, drag, and suction from these fast-moving
waters may move a building from its foundation or other-
wise cause structural damage or tailure.

Unfortunately, there is usually no definitive source of
information to determine potential flood velocities in the
vicinity of specific buildings. Hydraulic computer models
or hand computations based on existing tloodplain studies
may provide flood velocities in the channel and overbank
areas. Where current analysis data is not available, histori-
cal information from past flood events is probably the most
reliable source.

Figure TII-8: Fast-moving floodwaters caused scour around the foundation and damage

to the foundation wall
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Flash flooding will usually
preclude the use of any retrofit-
ting measure that requires human
intervention,

p o

A detailed hydrograph can provide
information on duration of
flooding. However, such informa-
tion is usually not available, and
the cost of creating a new study is
usually prohibitive. One potential
source of information is to check
similarly sized drainage basins in
neighboring areas to see if
historical data exists.

Onset of Flooding

In areas of steep topography or those areas with a small
drainage area, floodwaters can rise very quickly with little
or no warning. This condition is known as flash flooding.
High velocities usually accompany these floods and may
preclude certain types of retrofitting, especially those
requiring human intervention. In a flash flooding situation,
damage usually begins to occur within one hour after
significant rainfall. If a building is susceptible to flash
floods, insufficient warning time can preclude the installa-
tion of shields on windows, doors and floodwalls, as well
as the activation of pump systems and backup energy
sources. Temporarily relocating movable contents to a
higher level may also be impractical. However, such
measures may be effective if a building is not subject to
tlash flooding and the area has adequate flood warning
systems, such as television and radio alerts.

Flood Duration

In areas of long-duration flooding, certain measures such as
dry floodproofing may be inappropriate due to the in-
creased chance of seepage and failure caused by prolonged
exposure to floodwaters.
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SITE CHARACTERISTICS

Site characteristics such as location, underlying soil condi-
tions, and erosion vulnerability play a critical role in the
determination of an applicable retrofitting method.

Site Location

The floodplain is usually defined as the area inundated by a
flood having a 100-year flood frequency. The riverine
floodplain is often further divided into a floodway and a

floodway fringe.

As defined earlier, the floodway is the portion of the flood-
plain that contains the channel and enough of the surround-
ing land to enable floodwaters to pass without increasing
flood depths greater than a predetermined amount. If there
are high flood depths and/or velocities, this area is the most
dangerous portion of the riverine floodplain. Also, since
the floodway carries most of the flood flow, any obstruc-
tion may cause floodwaters to back up and increase flood
levels. For these reasons, the NFIP and local communities
prohibit new construction or substantial improvement in
identified floodways that would increase flood levels.
Relocation is the recommended retrofitting option for a
structure located in a floodway. Community and state
regulations may prohibit elevation of structures in this area.
However, elevation on an open foundation will allow for
more flow conveyance than a structure on a solid founda-

tion.

The portion of the tloodplain outside the floodway is called
the floodway fringe. This area normally experiences
shallower flood depths and lower velocities. With proper
precautions, it is often possible to retrofit structures in this
area with an acceptable degree of safety.
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Contact the local office of the
Natural Resource Conservation
Service (NRCS) or a local
geotechnical engineering firm to
obtain guidance on the permeabil-
ity or consolidation features of
soils native to the area. Because
the site may have been backfilled
with non-native materials during
original construction, NRCS data
should be used carefully.

Soil Type

Permeable soils, such as sand and gravel, are those that
allow groundwater flow. In flooding situations, these soils
may allow water to pass under floodwalls and levees unless
cxtensive seepage control measures are employed as part of
the retrofitting measures. Also, saturated soil pressure may
build up against basement walls and floors. These condi-
tions cause seepage, disintegration of certain building
materials, and structural damage. Levees, floodwalls,
sealants, shields, and closures may not be effective in areas
with highly permeable soil types.

Saturated soils subject horizontal surfaces, such as floors,
to uplift forces, called buoyancy. Like lateral hydrostatic
forces, buoyancy forces increase in proportion to the depth
of water/saturated soil above the horizontal surface. Fig-
ures I11-9 and II1-10 illustrate the combined lateral saturated
soil and buoyancy forces.

For example, a typical wood-frame home without a base-
ment or proper anchoring may float if floodwaters reach
three feet above the first floor. A basement without flood-
water in it could fail when the ground is saturated up to
four feet above the floor. Uplift forces occur in the pres-
ence of saturated soil. Therefore, well-designed, high-
capacity subsurface drainage systems with sump pumps
may be an effective solution and may allow the use of dry
floodproofing measures.

Other problems with soil saturated by floodwaters need to
be considered. If a building is located on unconsolidated
soil, wetting of the soil may cause uneven (differential)
settlement. The building may then be damaged by inad-
equate support and subject to rotational, pulling, or bending
forces. Some soils, such as clay or silt, may expand when
exposed to floodwaters, causing massive forces against
basement walls and floors. As a result, buildings may
sustain serious damage even though floodwaters do not
enter or even make contact with the structure itself.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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BUILDING CHARACTERISTICS

Ideally, a building consists of three different components:
substructure, superstructure, and support services. The
substructure consists of the foundation system; the super-
structure consists of the portion of the building envelope
above the foundation system. The support services are
those elements that are introduced into a building to make

it habitable.

These components are integrally linked together to help a
building maintain its habitability and structural integ-
rity. Any action that considerably affects one may have a
minimal or sometimes drastic effect on the others. An
understanding of building characteristics and types of
construction involved is therefore an important consider-
ation in deciding upon an appropriate retrofitting measure.

Substructure

The substructure of a building supports the building enve-
lope. It includes components found beneath the earth’s
P surface, as well as above-grade foundation elements. This
o system consists of both the vertical foundation elements
A cracked foundation is one. such as walls, posts, piles, and piers, which support the
indication of a weak foundation. oy g .
building loads and transmit them to the ground, and the

The use of floodwalls and levees ; . .
may be the easiest and most footings that bear directly on the soil.

practical approach to retrofitting a
structure with a poor foundation. At any given time, there are a number of different kinds of
Another solution may be an entire . oy .
relocation of the building’s super- loads acting on a building. The foundation system trans-
structure onto a new foundation. fers these loads safely into the ground. In addition to dead
and live loads, retrofitting decisions must take into account
the buoyant uplift thrust on the foundation, the horizontal
pressure of floodwater against the building, and any loads
imposed by multiple hazards such as wind and earthquake

events.

The ability of a foundation system to successfully with-
stand these and other loads or forces, directly or indirectly,
is dependent to a large extent on its structural integrity. A
designer should determine the type and condition of a

buildings foundation system-earty-tn the retrofitting — -~~~ ——

evaluation.
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Retrofitting of structures with
basements is not covered in this
manual.

All foundations are classified as either shallow or deep.
Shallow foundations consist of column and wall footings,
slab-on-grade, crawl space, and basement substructures; deep
foundations include piles. Even though each of these foun-
dation types may be utilized either individually or in combi-
nation with others, most residential buildings located outside
coastal high hazard areas are supported on shallow founda-
tions. Each type has its own advantages and limitations
when retrofitting measures are being evaluated. Whichever
is used in a building, a designer should carefully check for
the structural soundness of the foundation system.

Basement walls may be subject to increased hydrostatic and
buoyancy forces; thus, retrofitting a building with a base-
ment is often more involved and costly.

Superstructure

The superstructure is the portion of the building envelope
above the foundation system. It includes walls, floors,
roof, ceiling, doors, and other openings. A designer should
carefully and thoroughly analyze the existing conditions
and component parts of the superstructure to determine the
best retrofitting options available. Flood- and non-flood-
related hazard effects should also be considered; the uplift,
suction, shear, and other pressures exerted on building and
roof surfaces by wind and other environmental hazards may
be the only reasons needed to rule out elevation as a retro-

fitting measure.

Support Services

These are elements that help maintain a human comfort
zone and provide needed energy, communications, and
disposal of water and waste. For a typical residential
building, the combination of the mechanical, electrical,
telephone, cable TV, water supply, sanitary, and drainage
systems provides these services. An understanding of the
nature and type of services used in a building is necessary
for a designer to be able to correctly predict how they may

be atiected by retrofitting measures.
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For example, the introduction of new materials or the
alteration of a building’s existing features may require
resizing existing services to allow for the change in require-
ments. Retrofitting may also require some form of relo-
cated ductwork and electrical rewiring. Water supply and
waste disposal systems may have to be modified to prevent
future damage. This is particularly true when septic tanks
and groundwater wells are involved. If relocation is being
considered, the designer must consider all these parameters
and weigh the cost of repairs and renovation against the
cost of total replacement.

111-30
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For general consideration of
retrofitting measures, all construc-
tion should be classified as wood
material unless all walls and
foundations are concrete and
masonry.

Building Construction

Modern buildings are constructed with a limitless palette
of materials integrated into various structural systems. A
building may be constructed with a combination of
various materials. Thus, the suitability of applying a
specific retrofitting measure may be difficult to assess.

Concrete and masonry construction may be considered for
all types of retrofitting measures, whereas other materials
may not be structurally sound or flood-damage resistant
and therefore not suitable for some measures. When
classifying building construction as concrete and masonry,
it is important that all walls and foundations be con-
structed of this material. Otherwise, there may be a weak
link in the retrofitting measure, raising the potential for
failure when floods exert hydrostatic or hydrodynamic
forces on the structure.

Masonry-veneer-over-wood-frame construction must be
identified since wood-frame construction is less resistant
to lateral loading than a brick-and-block wall section.
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Building Condition

A building’s condition may be difficult to evaluate, as
many structural defects are not readily apparent. However,
careful inspection of the property should provide for a
classification of “‘excellent to good” or “fair to poor.” This

Typically, a designer will begin a classification is only for the reconnaissance phase of
retrofitting project with an initial selecting appropriate retrofitting measures. More in-depth
SRR RN e i planning and design may alter the initial judgment regard-

Decisions based on early findings
may be revised after a more
detailed analysis.

ing building condition, thereby eliminating some retrofit-
ting measures from consideration at a later time.

Analysis of a building’s substructure, superstructure, and
support services may be done in two stages—an initial
analysis usually based on visual inspection, and a detailed
analysis (discussed in Chapter VI) which is often more
informative, involves greater scrutiny, and usually requires
detailed engineering calculations.

In the course of an analysis, a designer should visually
inspect the walls, floors, roof, ceiling, doors, windows, and
other superstructure and substructure components. Walls
should be examined for type of material, structural stability,
cracks, and signs of distress. A crack on a wall or damp-
ness on concrete, plaster, wood siding, or other wall fin-
ishes may be a sign of concealed problems. Doors, win-
dows, skylights, and other openings should be checked for
cracks, rigidity, structural strength, and weather resistance.

Metal-clad wood doors or panel doors with moisture-
resistant paint, plastic, or plywood exterior finishes may
appear fine even though the interior cores may be damaged.
Aluminum windows may be checked for deterioration due
to galvanic action or oxidation from contact with floodwa-
ter. Steel windows may be damage-free if they are well
protected against corrosion. Wood windows require in-
spection for shrinkage and warping, and for damage from
moisture, mold, fungi, and insects.

Flooring in a building can include a vast range of treat-
————tRents{t-Hvelves-the-use-of virtually every materiat that—————-————
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can be walked upon, from painted concrete slabs to elegant,
custom-designed wood parquet floors. A designer should
investigate the nature of both the floor finishes and the
underlying subfloor. Vinyl or rubberized plastic finishes
may appear untouched due to their resistance to indenta-
tions and water; however, the concrete or wood subfloor
may have suffered some damage. Likewise, a damage-free
subfloor may be covered with a scarred finish.

An initial analysis of the conditions of the roof and ceiling
of a building can be done by observation during the early
decision-making stage. An understanding of the materials
and construction methods will be necessary at a later date
to evaluate fully the extent of possible damage and need to
retrofit. The roofs over most residential buildings consist
of simple to fairly complex wood framing that carries the
ceilings below and plywood roof decks above, over which
the roof finishes are placed. Finish materials include
asphalt, wood, metal, clay and concrete tile, asbestos, and
plastic and are available in various compositions, shapes,
and sizes. In some cases, observation may be enough to
determine the suitability, structural rigidity, and continuing
durability of a roof system. However, it may be necessary
to pop up a ceiling tile; remove some shingles, slate, or roof
tiles; or even bore into a roof to achieve a thorough inspec-
tion.

The inspection also determines if the building materials and
component parts are sound enough for the building easily
to undergo either elevation, relocation, or wet or dry
floodproofing. If not, floodwalls or Ievees around the
structure may be the best alternative if allowable.

Figure ITI-11 presents a template that a designer can utilize
to document findings during the initial building condition
survey.
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Owner Name: Prepared By:

Address: Date:

Property Location:
Preiiminary Building Condition Evaluation Worksheet
Condition

Building Components Excellent to Notes and Materials

Good Fair to Poor

Substructure
Footings
Foundation
Foundation Walls
Other

Superstructure
Floors
Walls
Ceilings
Doors
Windows
Roof
Other

Support Services
Heating System
Plumbing System
Air Conditioning System
Water Supply
Sewage
Other

Comments

Figure Hi-1 1 Preliminary Building Condition Evaluation Worksheet
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BALANCING HISTORIC
PRESERVATION INTERESTS WITH

FLOOD PROTECTION

Many historic building features were developed, either
deliberately or intuitively, as responses to natural and
environmental hazards, and to local climate or topography.
Recognizing how and why these features were intended to
work can help in designing a program of preventive mea-
sures that is historically appropriate and that minimizes
incongruous modifications to historic residential properties.

There are retrofitting steps that will not have a negative or
even significant impact upon the historic character of a site
or its particular features. Preventive measures can be
carried out without harming or detracting from historic
character, as long as design and installation are carefully
supervised by a professional knowledgeable in historic
preservation.

There may well be instances, however, when a measure that
best protects the site also may result in some loss of historic
character. In such a case, the designer and the owner will
have to weigh the costs of compromising character or
historic authenticity against the benefits of safeguarding the
site or a particular site feature against damage or total
destruction. One example of such a choice is the decision
whether to elevate a historic structure located in a flood
hazard area, relocate it out of the area, retrofit it with wet or
dry floodproofing techniques, or leave it in its existing state
to face the risks of damage or loss. It is difficult to pre-
scribe a formula for such a decision, since each situation
will be unique, considering location, structural or site
conditions, the variety of preventive alternatives available,
cost, and degree of potential loss of historic character.

Here are some questions the designer may wish to pose in
deliberating such a decision:

*  What is the risk that the historic feature or the entire site
could be totally destroyed or substantially damaged if
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the preventive measure is not taken? If the measure is
taken, to what degree will this reduce the risk of dam-
age or total destruction?

* Are there preventive alternatives that provide less
protection from flood damage but also detract less from
historic character? What are these, and what is the
trade-off between protection and loss of character?

* Is there a design treatment that could be applied to the
preventive measure to lessen detraction of historic
character?

MULTIPLE HAZARDS

The selection of a retrofitting method may expose the
structure to additional non-flood environmental hazards
that could jeopardize the safety of the structure. These
multiple hazards can be accommodated through careful
design of the retrofitting measures or may necessitate
selection of a different retrofitting method. Multiple
hazards include both flood-related and non-flood-related
hazards. Information concerning the analysis and design for
these multiple hazards is contained in Chapters IV and VL.

The significant flood-related hazards to consider include ice
and debris flow, impact forces, erosion forces, and
mudslide or alluvial fan impacts. The major non-flood-
related hazards to consider include earthquake and wind
forces. Less significant hazards addressed in Chapter IV
include land subsidence, fire hazards, snow loads, movable
bed streams, and closed basin lakes. Multihazards may
affect a structure independently, as with flood and earth-
quakes, or concurrently, as with flood and wind in a coastal

area.
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It is important to consider these
multiple hazards when screening
and selecting a retrofitting measure,
However, the designer should be
aware that structures can be
engineered to withstand these
multiple hazards, and the existence
of these hazards alone may not
justify the elimination of specific
homeowner-preferred retrofitting
methods. The local building codes
normally contain additional
guidance concerning natural
hazard-resistant design and
construction practices.

Flood-Related Hazards

IMPACT FORCES - ICE AND DEBRIS FLOW

In colder climates, floodwaters may carry chunks of ice that
can act as a battering ram on a structure. During a flood,
ice can also form around the structure. Rising floodwaters
can lift a structure, resulting in severe damage. Flash and
high-velocity floodwaters often carry debris such as cars,
sheds, boulders, rocks, and trees that can destroy most
retrofitting measures as well as the structure itself.

Retrofitting measures suitable for areas of ice and debris
flow may include elevation on fill, relocation, levees, and
armored floodwalls.

EROSION FORCES

If a soil 1s highly erodible, fast-moving floodwaters can
undermine foundations and cause building, levee, or
floodwall failures. The consideration of soil erosion is
critical when retrofitting a building located in the
floodplain. With the exception of deep foundation systems
such as piles, shallow foundation systems generally do not
provide sufficient protection against soil erosion without
some type of protection or armoring measure of below-
grade elements. The local office of the Natural Resources
Conservation Service (NRCS) will generally have
information concerning the erodibility of the soils native to
a specific site. FEMA conducted an erosion mapping
feasibility study that concluded that mapping of erosion-
prone areas was feasible. Refer to the FEMA website
www.fema.gov/mit/tsd/FT _reha.htm for additional
information.

ALLUVIAL FANS

Because of the potential for high flood velocities,
significant debris flow, and varying channel locations,
alluvial fans present many unique challenges. In the upper
portions of the fan, the only feasible retrofitting technique
may be relocation. However, on lower portions of the fan
where the flood velocities and depths are low, several
options may be available. The hazards associated with

alluvial fan flooding are discussed in detail in Appendix D
of this manual.
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Non-Flood-Related Hazards

EARTHQUAKE FORCES

Earthquake protection steps can be divided into two catego-
ries: steps that deal with the building structure itself, and
steps that can be taken with other parts of the building and

its contents.

FEMA is currently involved in an
interagency task force developing
earthquake-resistant design

The most important step for the structure is making sure

standards in the wake of recent that it is properly bolted down onto its foundation so it will
disasters. For additional informa- not slide off in an earthquake. Another important step,
tion contact FEMA’s Mitigation . : .. . .

especially if the foundation is being raised to place the

Directorate or the appropriate

Regional FEMA office. structure above flood levels, is to make sure the foundation

can withstand an earthquake. For masonry block founda-
tions, this usually means strengthening key portions of the
wall by installing reinforcing bars in the blocks and then
filling them with concrete grout.

WIND FORCES

High winds impose forces on a home and the structural

\ elements of its foundation. Damage potential is increased

/v when the wind forces occur in combination with flood
. o forces. In addition, as a structure is elevated to minimize
Strengthening an existing masonry the effects of flood forces, the wind loads on the elevated

block foundation wall can be
complicated and normally requires
the expertise of a designer
knowledgeable in this type of A conventional structure is normally built to resist vertical

:lz;kéoz?;éojiﬁgﬁnggu fg:;:e downward loads (its own weight) plgs live loads (contents,

concerning earthquake-resistant people) on the floor and snow and wind loads on the roof.

design and construction materials. Occasionally, structural elements are laid on top of each
other with minimal fastening. However wind forces can be
upwards, or from any direction exerting considerable
pressure on structural components such as walls, roofs,
connections, and anchorage. Therefore, wind loads should
be considered in the design process at the same time as
hydrostatic, hydrodynamic, and impact dead and live loads
as prescribed under the applicable codes.

structure may be increased.
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Chapter IV: Determination of Hazards
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DETERMINATION OF HAZARDS

Chapters I through III introduced retrofitting and guided the designer through the techni-
cal process of pre-selecting retrofitting techniques for consideration. In this chapter, the
analyses necessary to determine the flood- and non-flood-related forces and other site-
specific considerations that control the design of a retrofitting measure are presented.
This information may be useful in preparing benefit/cost analyses and determining which
retrofitting alternatives are infeasible. The analysis of hazards contributes to the design
criteria for retrofitting measures, which are described in Chapter VI.

Retrofitting measures must be designed, constructed, connected, and anchored to resist
flotation, collapse, and movement due to all combinations of loads appropriate to the
situation, including:

* flood-related hazards, such as hydrostatic and hydrodynamic forces, impact forces,
interior drainage considerations, and the effects of erosion;

* site-specific flood-related hazards, such as alluvial fans, closed basin lakes, and
movable bed streams;

* non-flood-related environmental loads, such as earthquake and wind forces and land
subsidence; and

¢ site-specific soil or geotechnical considerations, such as soil pressure, bearing
capacity, scour potential, shrink-swell potential, and permeability.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures Iv-1
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Chapter IV: Determination of Hazards

ANALYSIS OF FLOOD-RELATED HAZARDS

Flood-Related Hazards

Flood Depth

Hydrostatic Forces

Hydrodynamic Forces

Impact Forces

Erosion Hazards

Interior Drainage

Alluvial Fans

Closed Basin Lakes

Movable Bed Streams

Figure IV-1: Flood-Related Hazards

E o

Additional information concern-
ing the determination of flood-
related forces is available in
Section 5 of ASCE 7-98, Mini-
mum Design Loads for Buildings
and Other Structures, and ASCE |
24-98, Flood Resistant Design
and Construction Standard.

The success of any retrofitting measure depends on an
accurate assessment of the flood-related forces acting upon
a structure. Floodwaters surrounding a building exert a
number of forces on the structure, including lateral and
vertical hydrostatic forces, hydrodynamic forces, impact
forces, and erosion effects. Additionally, interior drainage,
closed basin lakes, alluvial fans, and movable bed streams
pose flood-related hazards that require consideration.

vadrostatic forces (pressures) are caused by water above

the surface of the ground that is either stagnant or moving
slowly. Saturated soils beneath the ground surface also
impose hydrostatic loads on foundation components.

Hydrodynamic forces (pressures) result from the moderate-
or high-velocity flow of water against or around a structure.
Impact loads are imposed on the structure by waterborne
objects; their effects become greater as the velocity of flow,
the weight of the objects, and the duration of the impact
increase. The basic equations for analyzing and consider-
ing these flood-related forces are provided below.

FLOOD DEPTH

Riverine Areas

The determination of expected flood depth at a site is a
critical aspect of the overall determination of flood-related
hazards. One method of determining the 100-year water-
surface elevation is to look at the Flood Insurance Rate
Map (FIRM) panel depicting the location of the structure in
question. On most FIRMs, floodplains are delineated for
floods of 100- and 500-year frequencies. As an example,
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Analysis of Flood-Related Hazards

Figure IV-2 shows the portion of a community’s FIRM
where a subject home is located.

5 %

House
Location

X \
Flat Rock
Brook

/ ’ 129
/)
GLOUCESTER

Figure 1V-2: House Location on the FIRM

Converting feet to inches on maps
with small scales (greater than
17=400’} can introduce inaccura-
cies in locating the home and in
specifying the flood elevations
impacting the site.

In this example, the location of the home was determined
by pacing off the distance from the intersection of Van
Nostrand Avenue and Jones Street. The house is located
approximately 50 feet north of the intersection. Converting
this distance to the map’s scale (one inch equals 400 feet),
the house is 0.125 inches along Jones Street from its inter-
section with Van Nostrand Avenue, and 0.125 inches from

Jones Street.

The darker shaded area on the map is the 100-year flood-
plain. The lighter shaded area denotes the 500-year flood-
plain. The house is located in this area between two wavy
lines numbered 127 and 128. These are the 100-year flood
elevations at those locations on Flat Rock Brook. There-
fore, the 100-year flood elevation affecting the home in this
example is between 127 and 128 feet, based on the National
Geodetic Vertical Datum (NGVD).

Flood elevations for the other frequencies are shown on the

stream’s water-surface profile in the FIS report. For the
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Chapter IV: Determination of Hazards

above example, the position of the house on Flat Rock
Brook was determined by drawing a line on its location on
the FIRM (Figure ['V-3) perpendicular to the stream. The
point where this line crosses the streamline is the location of

the house along the stream.

ZONE X

2 / ./ 129
‘ GLOUCESTER
/N~ STREET

o Stream
%% Location
Na

O

' SN

ol 5>

\\/"“

=\ % 7
=

Flat Rock e

Brook

Figure IV-3; Stream Location on the FIRM

The distance along the stream (Figure IV-3) is then mea-
sured from the home to Van Nostrand Avenue, the nearest
bridge structure across Flat Rock Brook. This distance is
0.11 inches, a measurement that when converted to the map
scale is equal to approximately 45 feet (0.11 inches multi-
plied by 400 feet per inch of map).

The Van Nostrand Avenue bridge is then located on the Flat
Rock Brook profile (Figure IV-4) and measured 0.45 inches
upstream (45 divided by 100 feet per inch, which is the
horizontal scale of the profile). This location is marked as
the point on Flat Rock Brook with water-surface elevations
equivalent to the house. The elevations on the profile at this
point are 124.5,125.9, 127.1, and 128.1 feet for the 10-,
50-, 100-, and 500-year floods, respectively. The bottom of
__the Flat Rock Brook channel shown on the profile is at

119.5 feet.
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Chapter 1V: Determination of Hazards

Once the flood frequency and associated elevation informa-
Table IV-1 Flood Data oo ‘
tion is obtained, a summary table can be created and used
Summary . .
to calculate the depth of each flood frequency to be consid-
Frequenc Elevation ered. Table IV-1 depicts the flood data obtained from the
FIS for this example
Channel
Bottormn 11951
T, S Coastal Areas
50-yr. 12591 L.

In coastal areas, the determination of the expected water
100-yr. 12711 surface elevation for the various recurrence interval floods
500yt 19814 is made by locating the structure and its flooding source on

: — the FIRM, identifying the corresponding flooding source/

location row on the summary of stillwater elevation table,
and selecting the appropriate elevation for the recurrence
interval in question.

As an example, consider a building located on Georgetown
Street (as depicted on Figure IV-5). From the FIRM we
can identity the flooding source as the Atlantic Ocean.
Review of the entire area map for the FIS would indicate

B o

Flood elevations in coastal A and

V Zones are based on wave height
and runup added to the stillwater
elevation. For the 100-year
frequency flood (BFE), refer to the
FIRM. For other flood frequen-
cies, the flood elevation can be
estimated by multiplying 1.55
times the difference between the
stiltwater elevation and the ground
surface elevation. A detailed
discussion of the methodologies
involved m computing wave
heights and runup is beyond the
scope of this manual. Refer to
FEMA's Guidelines and Specifica-
tions for Wave Elevation Determi-
nation and V' Zone Mapping, Third
Draft, July 1989, or FEMA 55
(Third Edition): Coastal Construc-
tion Manual, for more informa-
tion.

the Town of Fenwick [sland (and Georgetown Street) is
Jocated between Bethany Beach and the Delaware-Mary-
land State Line.

= ®Y)
Houstnd St ! ‘ '
e St 2ZONE AE

§ L8

AN ) o
o b (‘ st st ZONE AE
N

QLD HLE™ POINT

£ Fawagondst N
oS- an
1146

A Towm of

Ferwick

Island COASTAL BASE FLOOD ELEVATIONS
105084 APPLY ONLY LAKDWARD OF 0 ONGYD

"i_i ZONE VE
L]
e ol
ZONE VE
=R
. Fersaick [sland

ZONE AE State Park

Frowre V-5 Coastal FIRM
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Analysis of Flood-Related Hazards

This flooding source/location is located on the summary of
stillwater elevations table (Figure IV-6). From this table,
flood elevations of 6.2, 7.8, 8.6, and 10.2 feet above NGVD
are identified for the 10-, 50-, 100- and 500-year frequency
floods, respectively.

Summary of Stillwater Elevations
Elevation (feet NGVD*)

Flooding Source and Location 10-Year  50-Year 100-Year 500-Year

Atlantic Ocean

Coastline from Cape Henlopen
to just south of Dewey Beach 8.5 8.2 9.2 11.3

Coastline from just south of
Dewey Beach to just north of
Bethany Beach 6.4 8.0 8.9 10.8

Coastline from just north of
Bethany Beach to Delaware-
Maryland state line 6.2 7.8 8.6 10.2

Chesapeake Bay
Coastline at Chance 4.2 5.4 5.8 6.8

Delaware Bay

Coastline from Kent-Sussex
County line to Cape Henlopen 6.6 8.5 9.3 11.3

Indian River Bay
Entire coastline 47 6.4 7.5 10.8

Rehoboth Bay
Entire coastline 3.9 59 7.0 10.8

Assawoman Bay
Coastline within Sussex County 3.8 5.4 6.0 10.2

Little Assawoman Bay
Entire Coastline 3.8 54 6.0 10.2

* National Geodetic Vertical Datum of 1929

Figure IV-6: Summary of Stillwater Elevations
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Chapter IV: Determination of Hazards

Flood depth can be computed by subtracting the lowest
ground surface elevation (grade) adjacent to the structure
from the flood elevation for each flood frequency, as shown
in Formula IV-1.

d=FE-GS=__ feet

is the depth of flooding (in feet);
is the flood elevation for a
specific flood frequency (in feet);
and

GS  is the lowest ground surface
elevation (grade) adjacent to a
structure (in feet).

Formula IV-1: Flood Depth

For design purposes, a factor of safety (freeboard) is typi-
cally added to the flood elevation to develop a retrofitting
design level as illustrated in Formula [V-2: Design Flood

Elevation.

When computing flood depth, be

DFE =FE +f=__feet

where: DFE 1s the design flood elevation

sure to utilize the lowest ground (in feet);
surface adjacent to the structure in FE is the flood elevation for a
question as shown in Figure IV-7. specific flood frequency (in feet);
and
f is the factor of safety (freeboard),

typically a minimum of 1.0 foot.

Formula [V-2: Design Flood Elevation

The floodproofing design depth (H), which is used to
calculate flood-related hazard forces, is the difference
between the DFE and the lowest grade adjacent to the
structure.~This computation s shown i Formuta 1V-3:
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Analysis of Flood-Related Hazards

H=DFE-GS=__feet

where: H is the floodproofing design depth

over which flood forces are
considered (in feet);

DFE is the design flood elevation
for a specific flood frequency (in
feet); and

GS s the lowest ground surface
elevation (grade) adjacent to the
structure (or other reference
feature such as a slab or footing)
(in feet).

Formula IV-3: Floodproofing Design Depth

v DFE
V= :
Flood f
Elevation

A

Figure [V-7: Illustration of Flood Depth and Design Depth
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Q Chapter IV: Determination of Hazards

N

Hydrostatic Forces

Lateral Water Pressures

Saturated Soil Pressures

Combined Water and
Saturated Soil Pressures

Equivalent Hydrostatic
Pressures due to Velocity

Vertical 'gBuoyancy
Water Pressures

Figure IV-8: Hydrostatic Forces
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HYDROSTATIC FORCES

Hydrostatic pressures (loads), at any point of floodwater
contact with the structure are equal in all directions and
always act in a perpendicular manner to the surface on
which they are applied. Pressures increase linearly with
depth or “head” of water above the point under consider-
ation. The summation of pressures over the surface under
consideration represents the load acting on that surface.
For structural analysis, hydrostatic forces, as shown in
Figures IV-9 and IV-10, are defined to act:

» vertically downward on structural elements such as flat
roofs and similar overhead members having a depth of
water above them;

« vertically upward (uplift) from the underside of gener-
ally horizontal members such as slabs, floor dia-
phragms, and footings (also known as buoyancy);

* laterally, in a horizontal direction on walls, piers, and
similar vertical surfaces. (For design purposes, this
lateral pressure is generally assumed to act on the
receiving structure at a point one-third of the water
depth above the base of the structure or two-thirds of
the altitude from the water surface, which correlates to
the center of gravity for a triangular pressure distribu-
tion.)

Hydrostatic forces include lateral water pressures, saturated
soil pressures, combined water and soil pressures, equiva-
lent hydrostatic pressures due to velocity flows, and verti-
cal or buoyancy pressures. The computation of each of
these pressures is illustrated in the sections that follow.

For the purpose of this document, it has been assumed that
hydrostatic conditions prevail for stillwater and water

1vV-10 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Analysis of Flood-Related Hazards

¥ Design Flood Elevation

: A = Area of
'» Harizontal

R Vertical Upward
(Buoyancy) Forces

Figure IV-9: Hydrostatic Force

Hydrostatic loads generated by velocities up to 10 feet per
second may be converted to an equivalent hydrostatic load
using the conversion formula presented later in this chapter.

Lateral Hydrostatic Forces

The basic equation for analyzing the lateral force due to
hydrostatic pressure from standing water above the surface
of the ground is illustrated in Formula IV-4:

[ wom

F,=%PH=%H = Ibs/LF

where: F, is the lateral hydrostatic force
from standing water (in pounds
per linear foot of surface) acting
at a distance H/3 from the point
under consideration;
1s the hydrostatic pressure due to
standing water at the point under
consideration (in pounds per
square foot), (P, =yH);
Y i1s the specific weight of fresh water
(62.4 pounds per cubic foot); and
H i1s the floodproofing design depth

(in feet).

Formula

IV-4: Lateral Hydrostatic Forees
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Chapter IV: Determination of Hazards

Formula IV-5: Saturated Soil
Hydrostatic Forces is not suitable
for expansive soils, due to the
unpredictable nature of these
soils. Due to the continual shrink
and swell of expansive soil
backfills and the variation of
their water content, the stability
and elevation of these soils and
overlaying soil layers may vary
considerably. The analysis of
hydrostatic pressure and bearing
capacity for expansive soils
should be conducted by a
qualified soils engineer. Prefer-
ably, expansive soils should be
removed and replaced by stable
soils.

Saturated Soil Forces

If any portion of the structure is below grade, saturated soil
forces must be included in the computation in addition to
the hydrostatic force. This situation is illustrated in Figure
IV-10. The basic equation for analyzing the resultant lateral
force due to hydrostatic forces from saturated (non-expan-

sive) soil is:

is the lateral force from saturated

soil acting at a distance D/3 from

the point under consideration (in
pounds per linear foot of surface);

P 1s the lateral hydrostatic pressure
due to saturated soil at the point
under consideration (in pounds
per square foot);

S is the equivalent fluid weight of
saturated soil (in pounds per cubic
foot) as shown in column A of
Table [V-2; and

D 1s the depth of saturated soil (in

feet) over which hydrostatic

forces are considered.

Formula IV-5: Saturated Soil Hydrostatic Forces

The equivalent fluid pressures for various soil types are
presented in Tables [V-2 and IV-3. The equivalent fluid
weight of saturated soil is not the same as the effective
weight of saturated soil. Rather, the equivalent fluid weight
of saturated soil is a combination ot the unit weight of water
and the effective saturated weight of soil.
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W Design Flood Elevation

Saturated

Soil
o A= b

sat ‘}
D/3
| Y Y

Figure IV-10: Saturated Soil Hydrostatic Forces

Table IV-2  Effective Equivalent Fiuid Weight of Soil (S)

Column A Column B
Equivalent Equivalent
Fluid Weight Fluid Weight
N of Saturated of
SCU Soil (pounds Submerged
per cubic foot) Soil and
Water
(pounds per
cubic foot)
Clean sand and gravel: GW, GP, SW, SP 35 75
Dirty sand and gravel of restricted permeability: 45 77
GM, GM-GP, SM, SM-SP
Stiff residual silts and clays, silty fine sands,
clayey sands and gravels: CL, ML, CH, MH, 45 82
SM, SC, GC
Very soft to soft clay, silty clay, organic silt and 100 106
clay: CL, ML, OL, CH, MH, OH
Medium to stiff clay deposited in chunks and 120 142
protected from infiltration: CL, CH
Notes: Use Column A with Formula V-5,
Use Column B with Formula V-8,
*See Table 1V-3 for soil type definitions,
Iv-13
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Table IV-3 Soil Type Definitions Based
on USDA Unified Soil Classification
Group e
Soil Type Symbol Description
Gravels GW Well-graded gravels and gravel
mixtures.
GP Poorly graded gravel-sand-silt
mixtures.
GM Silty gravels, gravel-sand-silt
mixtures.
GC Clayey gravels. gravel-sand-clay
mixtures.
Sands SW Well-graded sands and gravelly
sands.
SP Poorly graded sands and gravelly
sars.
SM Silty sands, poorly graded sand-silt
mixtures.
C Clayey sands, poorly graded
sand-clay mixtures.
Fine Grain Silt ML Inorganic silts and clayey silts.
and Clays
CL Inorganic clays of low to medium
plasticity.
OL Organic silts and organic silty clays
of low plasticity.
MH Inorganic silts. micaceous or fine
sands or silts, clastic silts.
CH Inorganic clays of high plasticity,
fine clays.
OH Organic clays of medium to high
plasticity.
Iv-14 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Combined Water and Saturated Soil
Forces

When a structure is subject to hydrostatic forces from both
saturated soil and standing water (illustrated in Figure IV-
11), the resultant cumulative lateral force, F,, is the sum of
the lateral water hydrostatic force, F,, and the differential
between the water and soil pressures, F . The basic equa-
tion for computing F_is:

= % (S-y)D?*=__Ibs/LF

is the differential soil/water force
acting at a distance D/3 from the
point under consideration (in
pounds per linear foot of surface);
S is the equivalent fluid weight of
submerged soil and water (in
pounds per cubic foot) as shown
in column B of Table 1V-2;

D 1s the depth of saturated soil
(in feet); and
Y is the specific weight of fresh water

(62.4 pounds per cubic foot).

Formula IV-6: Combined Water and Soil Forces
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F,=F,+F,=__Ibs/LF

Note that while F, and F, may

not act at the same point, we can where: F, is the cumulative lateral hydro-
assume for structural analysis static force acting at a distance
D i ks H/3 from the point under consid-
H/3 above the point under : ; d l f
R eration (in pounds per linear foot
of surface);
F is the lateral hydrostatic force

from standing water (from
Formula [V-4); and

F, is the differential soil/water force
(from Formula [V-6).

Formula IV-7: Cumulative Lateral Hydrostatic Force

W Design Flood Elevation

Fh ! z . AH/B A = Area Of
Fu D Horizontal
D/3I Surface
! vy * s

Figure IV-11: Combination Soil/Water Hydrostatic and Buoyancy Forces

>
—] ;:
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Vertical Hydrostatic Force

The basic equation for analyzing the vertical hydrostatic
force (buoyancy) due to standing water (illustrated by
Figure [V-11) is:

e
F.=YyAH= Ibs
where: F, i1s the force due to buoyancy (in
pounds);
Y is the specific weight of fresh
water (62.4 pounds per cubic foot);
A is the arca of horizontal surface

(floor or slab) being acted upon
(in square feet); and

H is the floodproofing design depth
(in feet).

Formula IV-8: Buoyancy Force

The computation of hydrostatic forces is vital to the suc-
cessful design of floodwalls, sealants, closures, shields,
foundation walls, and a variety of other retrofitting mea-
sures. The following Hydrostatic Force Computation
Worksheet (Figure IV-12) can be utilized to conduct hydro-
static calculations. Figure I'V-13, Example Hydrostatic
Force Computation, illustrates the use of the worksheet.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures 1v-17
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HYDROSTATIC FORCE COMPUTATION WORKSHEET

Owner Name: Prepared By:

Address: Date:

Property Location:

Variables: Summary of Forces
H (Floodproofing Design Depth)= F =

D (Depth of Saturated Soil) = F =

¥ (Specific Weight of Fresh Water) = 62.4 lbs/cubic foot | F, =

S (Equivalent Fluid Weight of Saturated Soil) = F, =

A (Area) = F =

Formula IV-4: Lateral Hydrostatic Force From Freestanding Water

F,=%PH = %H =

Formula IV-5: Lateral Hydrostatic Force From Saturated Soil

F, ="%S D?or 1P D=

Formula IV- 6: Lateral Hydrostatic Force
From Standing Water and Saturated Soil

F, = % (SyD =

dif

Formula 1V-7: Total Lateral Hydrostatic Force From
Standing Water and Saturated Soil

Note: Formulas IV-4-6 do not account for equivalent hydrostatic loads due to

] MR | 4 ¢ (1 +]a A AT A & AN | WIS A $oapa ot 193 P
‘ClULlly TTOUUGWAte S HICS S a1y [PD.). ju 8 VC[U\;IIY TTUOUW AL S UATSE lUbUIleUlC )3 H

using Formula [V-11.

Figure [V-12: Hydrostatic Force Computation Worksheet
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HYDROSTATIC FORCE COMPUTATION WORKSHEET

Owner Name: S miTw Prepared By: —w=v

Address: _|7. WATER. STREET Date: 12

Property Location:  TWM 2 L SEcmon G, Lor &

Variables: . Summary of Forces

H (Floodproofing Design Depth)= 4 F,= 499 lbs/Le
D (Depth of Saturated Soil) = 2! F = 150 \bs/ur
Y (Specific Weight of Fresh Water) = 62.4 Ibs/cubic foot | F = 25 s /Le
S (Equivalent Fluid Weight of Saturated Soil) = , F, = 524 \bslLF
A (Area) = 30'x40'= |zoo Bl | F= 299520 \bs

Formula IV-4: Lateral Hydrostatic Force From F reestanding Water

F,=%PH = Yylr= % (c2.4 ‘“A:ﬁ)(q 4" = yaq lbe/Le

Formula IV-5: Lateral Hydrostatic Force From Saturated Soil

Fo= %SDorupp= ) (35 lb/.ﬁf’)(&ﬁy- = (o lbs/ir

Formula IV- 6: Lateral Hydrostatic Force
From Standing Water and Saturated Soil

%(35-c2.1 \bs/ﬁ!’)Cz G)"
25\bs /| &

Formula IV-7: Total Lateral Hydrostatic Force From
Standing Water and Saturated Soil

F, = % (S-y)D?

"

Fo= F,+F,= 499 tbsfig 4+ 25 lbs/LF
= 524\bs [ ¢
Formula IV-8: Vertical Hydrostatic Force (Buoyancy)

F,= yAH = C@z.‘-& \bs[ﬁ’){lwo H—‘)(q )
= 299,520 lbs

Note: Formulas [V-4-6 do not account for equivalent hydrostatic loads due to
velocity floodwaters (less than 10 fps.). If velocity floodwaters exist, recompute F.

using Formula[V-11. )

Figure IV-13: Example Hydrostatic Force Computation
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HYDRODYNAMIC FORCES

‘ When floodwaters flow around a structure at moderate to
e high velocities, they impose additional loads on the struc-
shown to act on slab-on-grade u h i Fi IV-14. Th load <t of
houses to maximize their effects. re, as ‘S own m Figure 1v-1%. . ese loads COI}SIS 0
frontal impact by the mass of moving water against the
projected width and height of the obstruction represented
by the structure, drag effect along the sides of the structure,
and eddies or negative pressures on the downstream side of

the structure.

Low velocity hydrodynamic forces are defined as situations
where floodwater velocities do not exceed 10 feet per
second, while high velocity hydrodynamic forces involve
floodwater velocities in excess of 10 feet per second.

Negative Pressure
(Suction) on
Downstream Side

Drag Effect
on Sides

Figure IV-14: Hydrodynamic and Impact Forces
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Sources of data for determining
tlood flow velocity include
hydraulic calculations, historical
measurements, and rules of
thumb. Floodwaters one foot
deep moving in excess of five
feet per second can knock an
adult over and cause erosion of
stream banks. Overbank veloci-
ties are usually less than stream
channel velocities. [f no data for
flood flow velocity exists for a
site, the reader should contact an
experienced hydrologist or
hydraulic engineer for estimates.

Table1v-4 ~ Drag
Coefficients
Width to height | Drag Coefficient
Ratio b/H C,
From 1 to 12 1.25
13 to 20 1.3
2110 32 14
3310 40 1.5
4110 80 1.75
81to 120 1.8
160 or more 20

Low Velocity Hydrodynamic Forces

In cases where velocities do not exceed 10 feet per second,
the hydrodynamic effects of moving water can be con-
verted to an equivalent hydrostatic force by increasing the
depth of the water (head) above the flood level by an
amount dh, which is:

dh = = = feet

2g
is the equivalent head due to low
velocity flood flows (in feet);

C, is the drag coefficient (from
Table IV-4);

A% is the velocity of floodwaters (in
ft/sec); and

g is the acceleration of gravity

(equal to 32.2 ft/sec?).

Formula IV-9: Conversion of Low Velocity Flow to Equivalent Head

The drag coefficient C, depends on the proportions of the
shape of the object around which the water flows. The
value of C, unless otherwise evaluated, shall not be less than
1.25 and can be determined from the width-to-height ratio,
b/H, of the structure in question. The width (b) is the side
perpendicular to the flow and the height (H) is the distance
from the floodproofing design depth to the lowest adjacent
grade level. Table V-4 gives C, values for different width-
to-height ratios.
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P 4

While F,, acts at a point H/2, it is
normally a small percentage of
F,,, therefore, we can assume that
F , acts at the same point H/3 as

F

The value dh is then converted to an equivalent hydrostatic
pressure through use of the basic equation for lateral
hydrostatic forces introduced earlier in this chapter and
modified as shown below:

F,=y(dn)H=P, H=___ Ibs/LF

where: F is the equivalent hydrostatic
force due to low velocity
flood flows (in pounds per lincar
foot of surface);

Y is the specific weight of fresh
water (62.4 pounds per cubic foot);

H i1s the floodproofing design depth
in feet;

dh is the equivalent head due to low
velocity flood flows in feet; and

P is the hydrostatic pressure due to

low velocity flood flows (in
pounds per square foot)
(P, =Y (dh)).

Formula [V-10: Conversion of Equivalent Head to Equivalent
Hydrostatic Force

The resultant lateral hydrostatic force due to low velocity
hydrodynamic pressures is then added to the lateral hydro-
static pressures due to standing water and saturated soil to
obtain the total lateral hydrostatic force shown below and

i DFE v . illustrated in the Equivalent Hydrostatic Force Computa-
= tion Worksheet, Figures [V-15 and [V-16.
F i F =F +F, +F, = Ibs/LF
1 T H ™ “h dif FTi R LU
H/3 _ } . .
v v where: variables were defined previously in
= Formulas [V-4, [V-6, IV-7, and IV-10.
Formula [V-11: Towal Lateral Hydrostatic Force
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EQUIVALENT HYDROSTATIC FORCE
COMPUTATION WORKSHEET

Owner Name: Prepared By:

Address: Date:

Property Location:

Variables: Summary of Forces
b (width of structure perpendicular to flow) = F,=

H (floodproofing design depth) = F =

V (velocity of flood water, 10 ft. per second or less) = F, =

¥ (specific weight of fresh water) = 62.4 Ibs/cubic foot | F 0=

g (acceleration of gravity) = 32.2 feet per second squared

Formula IV-9: Conversion of Low Velocity Flood Flow to Equivalent Head

dh c, Vv’ B
=T "
Develop C;:
b/H =
From Table IV-4; C,=
Formula IV-10: Conversion of dh to Equivalent Hydrostatic Force
F, =y (dh)H=
Formula IV-11: Total Lateral Hydrostatic Force
FH = Fh+ Fdif + Fdh:

Figure IV-15: Equivalent Hydrostatic Force Computation Worksheet
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EQUIVALENT HYDROSTATIC FORCE

COMPUTATION WORKSHEET
Owner Name: SMITH Prepared By: JJ S
Address: 12 WATER STREET Date:___12/12 /00
Property Location:__TM 38, SECTIoN 6, LoT 4
Variables: Summary of Forces
b (width of structure perpendicular to flow) = 30 F,= 175 lbs/LF
H (floodproofing design depth) = <4’ G fps|F,= 499 lbs /LF
V (velocity of flood water, 10 f. per second orless)=A |F, =285 lbs / LF
v (specific weight of fresh water) = 62.4 Ibs/cubic foot | F,= 6993 |bs / LF
g (acceleration of gravity) = 32.2 feet per second squared

Formula IV-9: Conversion of Low Velocity Flood Flow to Equivalent Head

A
===
- + 2 Develop C:
= (1.25)( G f+/sec) bH = 30/4 = 7.5
2 (32.2 f4/s¢c") From Table IV-4; C,= 1.2§
= 0.70 f+

Formula IV-10: Conversion of dh to Equivalent Hydrostatic Force

F,=y@h)H= (62.4lbs/r+7)(0.70 §+)(4Ft) = 175 s /LF

Formula IV-11: Total Lateral Hydrostatic Force

F, = F+F, +F,= 492+ 25+175 [|bs/LF
=699 “::/LF

Figure 1V-16: Example Equivalent Hydrostatic Force Computation
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High Velocity Hydrodynamic Forces

For special structures and conditions, and for velocities
greater than 10 feet per second, a more detailed analysis
and evaluation should be made utilizing basic concepts of
fluid mechanics and/or hydraulic models. The basic
equation for hydrodynamic pressure is:

v?
P,=Cp - ____Ibs/SF
where: P, is the hydrodynamic pressure (in

pounds per square foot);

p is the mass density of fresh
water (1.94 slugs/ft’);

\ is velocity of floodwater (in feet
per second); and

C, is the drag coefficient (taken
from Table IV-4).

Formula IV-12: High Velocity Hydrodynamic Pressure

After determination of the hydrodynamic pressure (P), the
total force (F,) against the structure (see Figure IV-14) can
be computed as the pressure times the area over which the

water is impacting:

d d —_—
where: F, is the total force against the
structure (in pounds);
P, 1s the hydrodynamic pressure (in
pounds per square foot); and
A is the submerged area of the

upstream face of the structure in
question (in square feet).
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Figure IV-17, Hydrodynamic Force (High Velocity) Com-
putation Worksheet, can be used in the computation of
high velocity hydrodynamic forces, while Figure IV-18
illustrates the computations.
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HYDRODYNAMIC FORCE (HIGH VELOCITY)
COMPUTATION WORKSHEET

Owner Name: Prepared By:

Address: Date:

Property Location:

Variables: Summary of Forces
p (mass density of fresh water) = 1.94 slugs/ft’ P, =

V (velocity of floodwater, > 10 feet per second) F,=

C, (drag coefficient) =

A (submerged area of upstream face of structure) =

Formula IV-12: High Velocity Hydrodynamic Pressure (Force)

P,=C,p(V/2)=
Develop C:
b/H =
From Table [V-4; C =

Formula IV-13: Total Force Against the Structure

P A=

)
it

Figure 1V-17: Hydrodynamic Force (High Velocity) Computation Worksheet
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HYDRODYNAMIC FORCE (HIGH VELOCITY)

COMPUTATION WORKSHEET
Owner Name: Suith Prepared By: __Tzv
Address: 12 WATBR STREET Date:_\o[3([ay

Property Location::___TW 38, Sectmions b L LoT Y

Variables: Summary of Forces
p (mass density of fresh water) = 1.94 slugs/fi3 P,= 135 \bs | £4*
V (velocity of floodwater, >10 feet per second) = 12 ‘p>| F 4= 21,000 Ibs
C,(drag coefficient)y= | 25

A (submerged area of upstream face of sqgct?ura?).— | Z;-F\"'

FormulaIV-12: High Velocity Hydrodynamic Pressure (Force)

P,=C,p (V¥/2)=
Develop C,:

 as( st X «5@ bH=  s5/d* F5
s\w\ From Table IV-4;C,= |. 2%

Conversion : 1 “03' -\-%’;“—-"

¥

V35 bs [e4™

Formula IV-13: Total Force Against the Structure

]
i

= RAT (135 \bslp) (120 #)

= 2\, 000 \be

Figure IV-13: Example Hydrodynamic Force (High Velocity) Computation

fv-28

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
June 2001




Analysis of Flood-Related Hazards
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FEMA 55 (Third Edition):
Coastal Construction Manual
contains information on comput-
ing impact loads in coastal

IMPACT LOADS

Impact loads are imposed on the structure by objects carried
by the moving water. These loads are the most difficult to
predict and define, yet reasonable allowances must be made
for these loads in the design of retrofitting measures for
potentially affected buildings. To arrive at a realistic
allowance, considerable judgment must be used, along with
the designer’s knowledge of debris problems at the site and

situations. consideration of the degree of exposure of the structure.

Impact loads are classified as either:

* no impact (for areas of little or no velocity or potential
source of debris);

* normal impact;

* special impact; or

* extreme impact.
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Normal Impact Forces

Normal impact forces relate to isolated occurrences of
typically sized debris or floating objects striking the struc-
ture (see Figure IV-14). For design purposes, this can be
considered a concentrated load acting horizontally at the
flood elevation, or any point below it, equal to the impact
force created by a 1,000-pound mass traveling at the

The assumption that debris
velocity is equal to the flood
velocity may overstate the

velocities of large debris objects; velocity of the floodwater acting on a one-square-foot
thereiore’ e“,g’réc?”“glqumem surface of the submerged structure area perpendicular to
o A e the flow. The calculation of normal impact forces is shown

stances. Designers may wish to
reduce debris velocity for larger

in Formula IV-14,

objects.
A A2 U
F=—= = Ibs
. t g —
where: F_ is the normal impact force (in
pounds);
W, is weight of object (1,000 Ibs for
normal impact loads);
g is acceleration of gravity (32.2 ft
sec’);
t is time of impact (generally 1 sec
or less);
A is velocity of flow (in feet per
second); and
M is the mass of the object com-
puted as w, /g.
Formula IV-14: Normal Impact Force
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Time/Duration of Impact

Uncertainty about the duration of impact (t)--the time from
initial impact, to the time the object leaves--is the most
likely cause of error in the calculation of debris impact
loads. According to physics and dynamics texts, the dura-
tion of impact is influenced primarily by the natural fre-
quency of the building, which is a function of the building's
"stiffness." This stiffness is determined by the properties of
the material being struck by the object, the number of
supporting members (columns or piles), the height of the
building above the ground, and the height at which the
material is struck.

Although little guidance on duration of impact exists, the
City of Honolulu Building Code recommends the following
durations based on the type of construction being struck:

*  wood: 1 second
+ steel: 0.5 second
+ reinforced concrete: 0.1 second

A complete mathematical analysis of this problem is
beyond the scope of this manual; however, Table IV-5
suggests durations (t) to use in Formulas IV-14 and I'V-15.
These durations were developed with a mathematical model
from dynamic theory. They are of approximately the same
order of magnitude as those provided in the City of Hono-
lulu Building Code.

TableIV-5  Impact Durations (t) for Use in Formulas IV-14 and IV-15
Type of Construction Duration (t) of Impact (sec) .
Wall Pile
Wood 0.7-11 05-1.0
Steel NA 02-04
Reinforced Concrete 02-04 0.3-0.6
Concrete Masonry 0.3-0.6 0.3-0.6
L
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Spécial Impact Forces

Special impact forces occur when large objects or conglom-
erates of floating objects, such as ice floes or accumulations
of floating debris, strike a structure. In an area where
special impact forces may occur, the load considered for
design purposes is the impact created by a 100-pound load
times the width of building, acting horizontally over a one-
foot-wide horizontal strip at the flood elevation or at any
level below it. Where stable natural or artificial barriers
exist that would effectively prevent these special impact
forces from occurring, these forces may not need to be
considered in the design.

MY wY  100bV

F = — = - = = N
. t ot 32.2t =
where: F, is the special impact force (in
pounds);
w is weight of object (in pounds)

(100 Ibs/ft x width of structure
(b) normal to flow); b is shown

in Figure 1V-14;

b is the width of structure normal
to flow (in feet);

g is acceleration of gravity
(32.2 ft/sec?);

t is time of impact (generally | sec
or less);

\' is velocity of flow (in feet per
sccond); and

M is the mass of the object

computed as w /g

Formula IV-15: Special Impact Forces
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@

Where extreme impact loads are a
threat, the preferred retrofitting
alternative is relocation.

Whether impact loads should be allowed for depends on data
that can be obtained from a number of sources:

+ historic records and the FIS;

¢ interviews with local residents and floodplain manage-
ment officials;

+ floodway versus floodplain location;
* upstream debris potential; and
» climatologic information.

Impact forces are critical design considerations that must be
thoroughly evaluated. The following Impact Force Compu-
tation Worksheet, Figure IV-19, can be used to conduct
those calculations, while Figure 1V-20 illustrates those calcu-

lations.

Extreme Impact Forces

Extreme impact forces occur when large, floating objects and
masses, such as runaway barges or collapsed buildings and
structures, strike the structure (or a component of the struc-
ture). These forces generally occur within the floodway or
areas of the floodplain that experience the highest velocity
flows. It is impractical to design residential buildings to have
adequate strength to resist extreme impact forces.
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IMPACT FORCE COMPUTATION WORKSHEET

Owner Name: Prepared By:
Address: Date:
Property Location:

Normal Impact Loads

Variables: Summary of Forces
w_ (weight of object) = typically, 1,000 pounds

g (acceleration of gravity) = 32.2 ft/sec? F =

t (time of impact) = typically, 1 sec. F =

V (velocity of floodwater) =
M (mass of the object computed as w, /g) =

Formula IV-14: Normal Impact Force

Special Impact Loads

Variables:

b (width of structure normal to flow) =

w_ (weight of object) = 100 (b) =

g (acceleration of gravity) = 32.2 ft/sec’

t (time of impact) = typically, 1 sec. or less
V (velocity of floodwater) =

M (mass of the object computed as w /g) =

Formula IV-15: Special Impact Forces
MV wV  100bV

Figure IV-19: Impact Force Computation Worksheet
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IMPACT FORCE COMPUTATION WORKSHEET

Owner Name:____Swmw Prepared By:  T<v
Address: 1z \WaTee SteeeT Date: a/31il9g

Property Location:  Twm 38 , S€cTion &

Normal Impact Loads

Variables: Summary of Forces
w_ (weight of object) = typically, 1,000 pounds

g (acceleration of gravity) = 32.2 ft/sec? F = 333 \bs
t (time of impact) = typically, 1 sec. F= |,11& lbs

V (velocity of floodwater) = 1z fp» PRI
M (mass of the object computed as w,/g) =~ Z Pt

Formula IV-14: Normal Impact Force

_ M (\OOo \bs) ('Z ﬁ/nﬁ
F,= t = gt (32.2 Ffsec? Y (1 2e)

= 233 \&S

Special Impact Loads

Variables:

b (width of structure normal to flow) = 3o €t

w, (weight of object) = 100(b) = loo lbs/¢+ (30 §1) = 3000 Ibs
g (acceleration of gravity) = 32.2 ft/sec?

t (time of impact) = typically, 1 sec. or less

V (velocity of floodwater) = |2 fps

M (mass of the object computed as w/g) = #°°° “"A,z. 2 ftfsact T

Formula IV-15: Special Impact Forces

AU\ (oo tbs 54 ) (30 %% )12 Fr/sec )
: / gt = 32.2t (32.2 ©/sec?) (1 sec)
I

!

Figure 1V-20: Example Impact Force Computation
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RIVERINE EROSION

The analysis of erosion that impacts stream banks and
nearby overbank structures is a detailed effort that is usu-
ally accompanied by detailed geotechnical investigations.
Some of the variables that impact the stability (or erodibil-
ity) of the stream banks include the following:

« critical height of the slope;
» inclination of the slope;
» cohesive strength of the soil in the slope;

« distance of the structure in question from the shoulder
of the stream bank;

+ degree of stabilization of the surface of the slope;
+ level and variation of groundwater within the slope;

« level and variation in level of water on the toe of the
slope;

+ tractive shear stress of the soil; and
+ frequency of rise and fall of the surface of the stream.

Both FEMA and the USACE have researched the stability
of stream banks in an effort to quantify stream bank ero-
sion. However, concerns over the universal applicability of
the research results preclude their inclusion in this manual.
It is suggested that when dealing with streambanks suscep-
tible to severe erosion, the designer contact a qualitied
geotechnical engineer or a hydraulic engineer experienced
inchannel stability, . . ¥
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P 4
Rainfall intensities for the
eastern half of the United States
are available from HYDRO-35, a
publication of the National
Weather Service (NWS), while
rainfall intensities for the
western half of the United States
can be obtained from NOAA4
ATLAS 2, also published by the
NWS. Rainfall intensities are
available for a range of storm
frequencies including the 2-,
10-, 25-, 50-, and 100-year 60-
minute events, The 2- or 10-
year intensity rainfall is consid-
ered a minimum design value for
pumping rates when floodwaters
prevent gravity discharge from
floodwalls and levees. The 100-
year intensity rainfall should be
the maximum design value for
sizing gravity flow pipes and/or
closures.

The rational formula (Q=ci A) is
used to compute the amount of
precipitation runoff from small
areas. It is generally not appli-

cable to drainage areas greater
than 10 acres in size.

INTERIOR DRAINAGE

The drainage system for the area enclosed by a levee or
tfloodwall must accommodate the precipitation runoff from
this interior area (and any contributing areas such as roofs
and higher ground parcels) and the anticipated seepage
through or under the floodwall or levee during flooding
conditions.

There are two general methods for removing interior drain-
age. The first is a gravity flow system, which provides a
means for interior drainage of the protected area when there
1s no floodwater against the floodwall or levee. This is
accomplished by placing a pipe(s) through the floodwall or
levee with a flap gate attachment. The flap gate prevents
flow from entering the interior area through the drainpipe
when floodwaters rise above the elevation of the drain.

The second method, a pump system, removes accumulation
of water when the elevation of the floodwater exceeds the
elevation of the gravity drain system. A collection system
composed of pervious trenches, underground tiles, or
sloped surface areas transports the accumulating water to a
sump area. In the levee application, these drains should be
incorporated into the collection system. The anticipated
seepage from under and through levees and floodwalls must
also be taken into consideration by combining it with flow
from precipitation (see Figure IV-21).

Floodwall or Levee

Enciosed
Area
Ag= (x)(y)

T
|
]
!
[
/
i
|
|
{
f

I
i

i

Figure IV-21: Rectangular Area Enclosed by a Floodwall or Levee

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
June 2001

Iv-37



Chapter IV: Determination of Hazards

The residential terrain runoff
coefficient, ¢, is used to model the
runoff characteristics of different
land uses. Use the value for the
predominant land use within a
specific area or develop a
weighted average for areas with
multiple land uses. The most
common coefficients are 0.70 for
residential area, 0.90, for com-
mercial area, and 0.40 for
undeveloped land.

Ackienat Area (An)
Discharging o the
Enclosed Area

Ag= (a)(b)

Figure IV-22: Rectangular Area Partially

To determine the amount of precipitation that can collect in
the contained area, the rainfall intensity, given in inches per
hour, must be determined for a particular location (see
note). This value is multiplied by the enclosed area, A, in
square feet, a residential terrain runoff coefficient (c) of 0.7,
and a conversion factor of 0.01. The answer is given in
gallons per minute.

@ Q,=001lci A,=____gpm
where: Q, is the runoff from the enclosed
arca (in gal/min (gpm));
A, is the area enclosed by the flood-
wall or levee (in square feet);
¢ is a residential terrain runoff

coefficient of 0.7;

0.01 s a factor converting the answer
to gallons per minute; and

i is the intensity of rainfall (in
inches per hour).

Formula IV-16: Runoff Quantity in an Enclosed Area

In some cases, a levee or floodwall may extend only par-
tially around the property and tie into higher ground (see
Figure IV-22). For such cases, the amount of precipitation
that can flow downhill as runoff into the protected area, A,
must be included. To calculate this value, the additional
area of land, A, that can discharge water into the enclosure
should be estimated. This value is then multiplied by the
previously determined rainfall intensity, i , by the most
suitable terrain coefficient, and by 0.01.

Enclosed by a Floodwall or Levee

1v-38 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001



Analysis of Flood-Related Hazards

When determining the minimum
discharge size for sump pumps
within enclosed areas, the
designer should consider the
impacts of lag time between
storms that control the gravity
flow mechanism (1.e., inside and
outside the enclosed area) and the
storage capacity within the
enclosed area after the gravity
discharge system closes. If the
designer is not familiar with storm
lag time and the computation of
storage within an enclosed area,
an experienced hydrologist or
hydraulic engineer should be
consulted.

| =
&5 Q,=0.01ci A, =__ gpm
FORMULA
where: Q, 1s the runoft from additional
contributing area (in gal ' min
(gpm));
A, is the arca discharging to the area

partially enclosed by the flood
wall or levee (in square feet);

¢ is the most suitable terrain runoff
coefficient;

0.01 s a factor converting the answer
to gallons per minute; and

i is the intensity of rainfall (in
inches per hour).

Formula IV-17: Runoff Quantity from Higher Ground into a
Paruially Enclosed Area

Seepage flow rates from the levee or floodwall, Q, must
also be estimated. In general, unless this seepage rate is
calculated by a qualified soils engineer, a value of two

gallons per minute for every 300 feet of levee or one gallon

per minute for every 300 feet of floodwall should be as-
sumed during base 100-year-flood conditions.

Q.= sr(l)

where: Q, is the seepage rate through the
levee/floodwall (in gallons per
minute);
sr is the seepage rate (in gallons per
minute) per foot of levee flood-
wall; and
1 1s the length of the levee flood

wall (in feet).

Formula IV-18: Seepage Flow Rate through a Levee or Floodwall
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The values for inflow within the enclosed area, runoff from
uphill areas draining into the enclosure, and seepage
through the levee/tloodwall should be added together to
obtain the minimum discharge size, Q_ . in gallons per
minute (gpm) for the sump pump.

Q,=0,+Q,+Q,

is the minimum discharge for
sump pump installation (in gpm);

Q, is discharge from an enclosed
arca (from Formula IV-16)
{2pm),

Q, is the discharge from higher

oround to a partially enclosed
area (from Formula I[V-17) (in
gpm): and

Q is the discharge from seepage
through a floodwall or levee
(from Formula IV-18) (in gpm).

Formula IV-19: Minimum Discharge for Sump Pump Installation

Important considerations in determining the minimum
discharge size of a sump pump include storage available
within the enclosed area and the lag time between storms
that impact the enclosed area and the area to which the
enclosed area drains. Sump pumps will continue to operate
during flooding events (assuming power is constant or
backup power is available), but gravity drains will close
once the floodwater elevation outside of the enclosed area
exceeds the elevation of the drain pipe/tlap gate. There-
fore, the critical design issue is to determine runotf and
seepage that occurs once the flap gate closes. Typical
design solutions incorporate a freeboard of several inches
or more to control the 10-year flood event safely.
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A detailed discussion of alluvial
fan flooding and techniques for
retrofitting under those conditions
is presented in Appendix D:
Alluvial Fan Flooding.

P o

Alluvial Fans: Hazards and
Management (1989) is a FEMA
publication that provides an
overview of alluvial fans and
related management issues, and
briefly discusses retrofitting of
residential structures. Another
FEMA publication entitled
Reducing Losses in High Risk
Flood Hazard Areas: A Guide-
book for Local Officials specifi-
cally addresses alluvial fan
flooding as a regulatory problem
and provides outlines for the
development of regulations and
master plans for communities.
This guidebook also summarizes
the Dawdy Method for flood
frequency estimates on alluvial
fans and presents the Colorado
Statute HB-1041 as a model
geologic hazard ordinance that
includes alluvial fan flooding
hazards.

ALLUVIAL FAN FLOODING
HAZARDS

Alluvial fan floods are natural hazards in the western
United States. Alluvial fan flooding is characterized by
sudden unpredictable, high-velocity flow that transports
dangerous debris down steep mountain drainages to the
valley floor below. The type of detailed information
available for other flood-prone areas is not yet available
for alluvial fan situations, but a profile of this type of
flooding and general measures to mitigate its impacts are
beginning to emerge.

Alluvial fans are landforms evolved from a history of
flood events debouching from steep-sloped watersheds
onto valley floors or piedmonts. Across the western
United States alluvial fans are appealing to residential
developers for their vistas, and the pressure to construct
on fans is increasing as the valley floors become popu-
lated. On most fans, there is evidence of past floods, but
the history of development is relatively short and the
consequences of a 100-year return period flood may not
have been fully addressed.

Figure [V-23: Telluride, Colorado, Alluvial Fan
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Flood hazards on alluvial fans are compounded by high
velocities, hyper-concentrated sediment flows, severe
erosion, and massive sediment deposition.

Retrofitting designs are typically dependent on the assess-
ment of flood hazards (specifically flow depth and veloc-
ity), but for alluvial fans this information may not be
available. FIRMs may provide general information such
as the delineation of flood hazard zones and 100-year
maximum flow depths. Local ordinances may recommend
methods for determining design criteria. Additional avail-
able information may include the apex peak discharge and
potential sediment concentrations. Retaining a qualified
engineer may be necessary to determine design flow condi-
tions at the property location.

Some aspects of alluvial fan flood loads are comparable to
riverine flooding. Flow analyses including hydraulic
loading and buoyancy are similar in principle to riverine
flooding, but several key elements are different. Alluvial
fan analyses should consider the severe velocity gradients,
the combined effects of water and sediment mixtures,
boulder impact pressure, and hydraulic loading on the
upstream side of a structure.

Formulas for the computation of sediment-water mixtures,
hydrodynamic forces, freeboard, and factor of safety rec-
ommendations are provided below.

Bulking Factor

The design flood conditions must be evaluated considering
the increased flood discharge related to sediment bulking.
The bulking factor, BF, is given by Formula I'V-20.
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P

Concentration of Sediment (C)
values are estimated by engi-
neers experienced with this type
of analysis and typically range
from 0-50% (decimal equiva-
lent).

In hyperconcentrated sediment
flows, where the sediment
concentrations range from 20 to
45 percent sediment by volume,
the hydrostatic pressures can be
30 to 75 percent greater than from
clear water.

1.0

| o= 3 B
m BF=10-c, ~—

where: BF  is a dimensionless factor applied
to riverine discharge values (Q)
to account for sediment bulking;
and
& is the concentration of sediment
of the fluid mixture by percent
(decimal equivalent) of volume.

Formula I'V-20: Bulking Factor

For semi-arid alluvial fans, typical bulking factors range
from 1.1 to 1.2 for sediment concentrations of 0.10 to 0.15
by volume. Bulking factors for mud flows can be as high
as 2.0 (C, = 0.50).

Hydrostatic and Hydrodynamic
Loads

Hydrostatic loading is the force of the weight of standing
water acting in a perpendicular manner on a submerged
surface. Sediment suspended in floodwater will increase
the specific weight of the fluid as a function of sediment
concentration by volume C . Water with a high sediment
concentration will impose greater hydrostatic pressures
than clear water.

Likewise, hydrodynamic loading is related to the density of
the fluid, which will increase with sediment loading. The
greater mass the fluid has, the more momentum it will
transfer when it impinges on an obstacle.

To include the effects of sediment loading in hydrostatic
and hydrodynamic calculations, the specific weight of

water 18 replaced with the specific weight of the water-
sediment mixture (Formula 1V-21).
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Ys=(1-C)y+C,S y= Ibs/ft?
In ailuvial fan situations, where: y, is the specific weight of the
hydrostatic and hydrodynamic water-sediment mixture, in [bs/ft’;
forces developed using Formulas C, is the sediment concentration by
IV-4 through IV-13 should be volume expressed as a percent
recomputed replacing the : - )
) . . (decimal equivalent);
specific weight of water (y ) with h : -
the specific weight of the water- Y is the spec‘:ﬁc weight of water,
sediment mixture (y,). 62.4 1bs/ft* and
S, is the specific gravity of
sediment (dimensionless).

Formula I'V-21: Specific Weight of Water-Sediment Mixture

The additional live load attributed to sediment should be
considered in all calculations of hydrostatic loading with
volumetric concentration of five percent or greater. This
additional hydrostatic load will be most significant near the
fan apex where sediment concentrations are higher and will
decrease in the downfan direction. The loading factor
related to sediment will be negligible in the sheet flow
zone.

Freeboard

Prediction of alluvial fan flooding parameters is not an
exact science, so safety factors should be considered in
retrofitting design. Freeboard is the additional design
height of walls, levees, and foundations above the base
flood level to account for velocity head, waves, splashes,
and surges. The conditions of superelevation and flow
runup can be severe for mud, debris, and high velocity
flows and should be evaluated separately.
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The U.S. Army Corps of Engineers (draft report, undated)
recommends that the amount of freeboard be based on the
. velocity head plus the increase in depth caused by a 50%
‘ increase in flow rate, with a minimum value of 0.5 feet,
expressed by the equation shown in Formula IV-22:

The U.S. Army Corps of

Engineers recommends that the
freeboard (f) be greater than or
equal to 2.0 feet in alluvial fan

situations. f (dI,SOﬁes{gn - deesign) +VY Zg = -—_-ft
where:

f is the recommended freeboard in
feet;

Vv is the velocity of flow in feet per
second;

g is the acceleration of gravity
(32.2 ft/sec?);

d, < ogesen 1S the depth of flooding from a

discharge 50% greater than the

design discharge, in feet; and
i geign 1S the depth of ﬂooding from the

design discharge (typically the

v 100-year event), in feet.
”~

Formula IV-22: Recommended Freeboard

Hydrostatic, hydrodynamic, and
impact loading design should fall
within constraints imposed by Safety Facto rs
local ordinances or building codes.
Where local guidelines are not

available, factors of safety pre- A safety factor greater than one is an additional measure of
sented in Table IV-6 should be safety to account for unanticipated or unquantifiable factors.
RIS RISl o In the case of retrofitting on alluvial fans, additional safety
structure design. o . . . ,
should be built into the design, depending on the engineer’s

perception of the sensitivity of the flow conditions to change.
The engineer must also weigh the cost of obsolescence if a
retrofitting technique becomes inadequate with continued
development. Safety factors are always a compromise
between the desire for added protection and the additional
costs associated with retrofitting design and construction.
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> 3 ft., major deposttion

Table IV-6 Freeboard and Factor of
Safety Recommendations
Freeboard Factor of
Type of Flooding ) safety
Shallow Water Flooding, < 1 ft. (FIRM Zones A and B) 1 110
Moderate Water Flooding, < 3 ft. 1 120
Moderate Water Flooding, < 3 ft. with potential for ] 120
debris, rocks < 1 ft. diameter and sediment
Mud Floods, Debris Flooding < 3 ft., minor surging and 2 195
deposition, < 1 ft. boulders
Mud Flows, Debris Flows < 3 ft., surging, mud levees, > 9 140
1 ft. boulders, minor waves, deposition ’
Mud and Debris Flows > 3 ft., surging, waves, boulders 3 150

Source: 1986 Colorado Floodproofing manual
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¢

More information on closed basin
lakes, alluvial fan, and movable
bed stream hazards can be
obtained from the Community
Rating System (CRS) Commentary
Supplement for Special Hazards
Credit, dated July 1994. This
document is available through
Flood Publications, NFIP/CRS,
P.O. Box 501016, Indianapolis,
Indiana 46250-1016. Telephone
(317) 845-2898.

CLOSED BASIN LAKES

Two types of lakes pose special hazards to adjacent devel-
opment: lakes with no outlets, such as the Great Salt Lake
and the Salton Sea (California); and lakes with inadequate,
or elevated outlets, such as the Great Lakes and many
glacial lakes. These two types are referred to as “closed
basin lakes.” Closed basin lakes are subject to very large
fluctuations in elevation and can retain persistent high
water levels.

Closed basin lakes occur in almost every part of the United
States for a variety of reasons: lakes in the northern tier of
states and Alaska were scoured out by glaciers; lakes with
no outlets (playas) formed in the west due to tectonic
action; oxbow lakes along the Mississippi and other large
rivers formed as a result of channel migration; and sinkhole
lakes form in areas with large limestone deposits at or near
the surface where there is adequate surface water and
rainfall to dissolve the limestone (Karst topography).

Determination of the flood elevations for closed basin lakes
follows generally accepted hydrological methods, which
incorporate statistical data, historical high water mark
determinations, stage-frequency analysis, topographical
analysis, water balance analysis, and combinations of these
methods. While NFIP regulations do not specifically
address closed basin lakes, communities that develop
mapping and regulatory standards addressing these hazards
may receive flood insurance premium credits through the
NFIP Community Rating System. The designer should
determine if a local community has mapped or enacted an
ordinance covering this special hazard.
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MOVABLE BED STREAMS

Erosion and sedimentation are factors in the delineation
and regulation of almost all riverine floodplains. In many
rivers and streams, these processes are relatively predict-
able and steady. In other streams, sedimentation and
erosion are continual processes, often having a larger
impact on the extent of flooding and flood damages than
the peak flow.

Extreme cases of sedimentation and erosion are a result of
both natural and engineered processes. They frequently
occur in the arid west, where relatively recent tectonic
activity has left steep slopes, where rainfall and streamflow
are infrequent, and where recent and rapid development has
disturbed the natural processes of sediment production and
transport.

Movable bed streams include streams where erosion
(degradation of the streambed), sedimentation (aggradation
of the streambed), or channel migration cause a change in
the topography of the stream sufficient to change the flood
elevation or the delineation of the floodplain or floodway.

Analysis of movable bed streams generally includes a
study of the sources of sediment, changes in those sources,
and the impact of sediment transport through the flood-
plain. While NFIP regulations do not specifically address
movable bed streams, communities that develop mapping
and regulatory standards that address these hazards may
receive flood insurance premium credits through the
Community Rating System. The designer should deter-
mine if a local community has mapped or enacted an
ordinance covering this special hazard.
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ANALYSIS OF NON-FLOOD-RELATED HAZARDS

While floods continue to be a major hazard to homes
nationwide, they are not the only natural hazard that causes
damage to residential buildings. Parts of the United States
are subject to high winds that can accompany thunder-
Wind Forces storms, hurricanes, tornadoes, and frontal passages. In
addition, many regions are threatened by earthquake fault
areas, land subsidence, and fire and snow hazards (Figure
Seismic Forces IV-24).

Non-Flood-Related
Hazards

Retrofitting measures can be designed to modify structures
to reduce the chance of damage from wind and other non-

Figure IV-24: Non-Flood-Related flood-related hazards. Fortunately, strengthening a home to
Natural Hazards resist earthquake damage can also increase its ability to

withstand wind damage and tlood-related impact and
velocity forces.

Land Subsidence

WIND FORCES

‘ High winds impose significant forces on a home and the
structural elements of its foundation. Damage potential is
The designer must be aware that increased when the wind forces occur in combination with
retrofitting actions may trigger a flood forces, as often occurs in coastal areas. In addition,
threat from multiple natural as a structure is elevated to minimize the effects of flood
hazards and be prepared to forces, the wind loads on the elevated structure may be

address these issues. . . .
increased, depending on the amount of elevation and the

structure’s exposure to wind forces.

/v\ Wind forces exert pressure on structural components such
as walls, roofs, connections, and foundations. Therefore,
wind loads should be considered in the design process at
the same time as hydrostatic, hydrodynamic, impact, and

Refer to FEMA 55 (Third
Edition), Coastal Construction
Manual, and ASCE 7-98, fora

detailed discussion of wind building dead and live loads, and loads from other natural
forces. hazards such as earthquakes.
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A detailed discussion for computation of wind forces is
beyond the scope of this publication. However, FEMA 55
(Third Edition), Coastal Construction Manual provides the
following basic process for determining wind loads:

1. Determine the wind speed from the map (shown in
Figure IV-27) from ASCE 7-98.

2. Determine the building as either open, partially en-
closed, or enclosed.

3. Determine the Exposure Category: A, B, C, or D (see
ASCE 7-98).

4. Determine the Importance Factor I and, if needed, the
topographical influence factor, K .

5. Determine the velocity pressure at the approximate
mean roof height.

6. Select appropriate internal and external pressure coeffi-
cients.

7. Determine the design pressures (all pressures should be
net pressures; use + to indicate inward-acting pressure
and - to indicate outward-acting pressure).

8. Apply the design pressure to the appropriate tributary
area for the element or connection to be analyzed.

This 8-step process may be used in cojunction with the
wind design process flowchart in Figure [V-25.
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Wind Design Process

Determine base wind speed

4

Translate wind speed
pressures using building code

|
Y.

Apply pressures to
entire structure

Y.

Transfer the lateral sum of these
lateral pressures into the primary

resisting frame or shearwalls

\ 4

Determine wind design pressures

for primary resisting frame

v

Check foundation for increased
loading due to overturning
from lateral loads

i

h 4

Design secondary framing
members

Figure IV-25: Wind Design Process

The concept of wind producing significant forces on a
structure is based on the velocity difference of a medium
(air) striking an obstruction (the structure). Wind speeds
vary depending on the location within the United States and
the frequency with which these loads occur. The IBC has
wind speed maps (developed by ASCE) showing the wind
velocity for an exceedence frequency of approximately 50
years. The design velocity for a particular site can be
determined from these maps. If no local code is in force,
the designer should refer to the ASCE 7-98, Minimum
Design Loads for Buildings and Other Structures.

Whatever the governing code or wind load standard in
force, the application of the wind loads is primarily the
same, and is shown in Figure IV-25 and illustrated in
Figure IV-26.

SO )

pression

Tension
Com)|

Building code
interpretation
(secondary framing
members designed
for this uniform

Sum of pressures

transferred to and
resisted by shear
walls or primary
resisting frame

Effect on
foundation due to
moment created
by overtuming

loading)
Figure IV-26: Wind Design Process Illustration

FEMA has completed several building performance assess-
ments following Hurricanes including Andrew (1992), Iniki
(1992), Opal (1996), Fran (1996), and Georges (1998).
FEMA assessed the structural performance of residential
building systems damaged by hurricane winds; provided
findings and recommendations for enhancing building
performance under hurricane wind conditions; and ad-
dressed building materials, code compliance, plan review,
construction techniques, quality of construction, and con-
struction inspection issues.
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Figure [V-27: Wind Speed Map (ASCE 7-98) (page 2 of 2)
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Copies of these documents can be
obtained from FEMA:

FEMA (FIA-22), Building Perfor-
mance: Hurricane Andrew in
Florida, Observations, Recommen-
dations and Technical Guidance,
1993.

FEMA (F1A-23), Building Perfor-
mance. Hurricane Iniki in Hawaii,
Observations, Recommendations
and Technical Guidance, 1993.

FEMA 281, Hurricane Opal in
Florida, A Building Performance
Assessment, 1996.

FEMA 290, Building Performance
Assessment: Hurricane Fran in
North Carolina, Observations,
Recommendations and Technical
Guidance, 1997.

FEMA 338, Hurricane Georges in
the Gulf Coast - Observations,
Recommendations, and Technical
Guidance, 1999.

FEMA 339, Hurricane Georges in
Puerto Rico - Observations,
Recommendations, and Technical
Guidance, 1999.

/w

If no local code is in force, the

designer should refer to the ASCE

7-98, Minimum Design Loads for
~Buitdings-and Otfer Srracrares 7

These reports present detailed engineering discussions of
building failure modes along with successful building

performance guidance supplemented with design sketches.

Please refer to these documents for specific engineering
recommendations.

SEISMIC FORCES

Seismic forces on a home and the structural elements of a
foundation can be significant. Seismic forces may also
trigger additional hazards such as landslides and soil
liquefaction, which can increase the damage potential on a
home. Seismic forces act on structural components such as
walls, roofs, connections, and foundations. Similar to wind
forces, seismic forces should be considered in the design
process at the same time as hydrostatic, hydrodynamic,
impact, and building dead and live loads, and loads from
other natural hazards such as hurricanes. Design
assumptions for seismic loadings are normally based upon

local building codes.

Figures IV-28 and IV-29 illustrate the process for
estimating seismic hazards and determining the ability of
existing structural components to withstand these forces.

When making repairs to a flood-damaged home or
considering retrofitting structures to minimize the impact
of future flooding events, there are certain practical steps
that can be taken at the same time to reduce the chance of
damage from other hazards. Earthquake protection steps
can be divided into two categories: steps that deal with the
building structure itself, and steps that can be taken with
other parts of the building and its contents.
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Seismic Design Process

Determine seismic region

Y
Determine lateral loads
using building code

!
Y

Apply loads to the structure in
accordance with building code

v
Transfer the lateral load into the
primary resisting frame or shear walls

v
Check foundations for increased loading due to
overturning from lateral loads

v
Check for lateral forces on elements
of structural and non-structural components

Y

Design secondary framing members

Figure IV-28: Seismic Design Process
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Figure IV-29: Seismic Design Process [llustration

P 4

Refer to pages VI-34 through VI-
38 for a detailed discussion of
load combination scenarios and
design methods.

b o

Additional information concern-
ing the determination of flood-
related forces is available in the
Flood Design Load Criteria
incorporated in Section 5 of
ASCE 7-98, Minimum Design
Loads for Buildings and Other
Structures, and ASCE 24-98,
Flood Resistant Design and
Construction.

Combining Forces

Once the flood-related and non-flood-related forces are
obtained, these forces need to be combined to determine the
load combinations, which govern the design of the building
components and connections. Analysis of loading
combinations is covered in detail in Chapter VI: General
Design Practices and ASCE 7-98.

Protection of the Structure

For the building structure, the most important step is mak-
ing sure the home is properly bolted onto its foundation so
that it will not slide off in an earthquake. Another impor-
tant step, if raising the foundation to place the house above
flood levels, 1s to make sure the foundation can withstand
an earthquake.

Key portions of masonry block foundations usually require
strengthening by installing reinforcing bars in the blocks
and then filling them with concrete grout. FEMA has
developed a sample plan for strengthening a masonry block
foundation wall. This type of work can be complicated and
normally requires the expertise of a professional engineer,

architect, or contractor

I'V-56
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b o

The additional cost for seismic
strengthening was estimated by
FEMA (during the Midwest
Flood of 1993) to range from
17-23% of the base repair cost
for elevating a 1,000-SF wood-
frame structure on masonry
foundation walls., FEMA has
prepared some simple one-page
descriptions (details) and costs
associated with these steps that
are available in a publication
entitled Protecting Your Flome
Jfrom Earthquake Damage
(1993).

P o

More information on land
subsidence hazards can be
obtained from the CRS Commen-
tary Supplement for Special
Hazards Credit, dated August
1992. This document is available

through Flood Publications, NFIP/

CRS, P.O. Box 501016, India-
napolis, Indiana 46250-1016.
Telephone (317) 845-2898.

FEMA?’s Technical Information on Elevating Substantially
Damaged Residential Buildings in the Midwest (August 24,
1993) provides procedures for determining seismic forces
and recommendations for seismic retrofitting of a wood-
frame structure. For more information on protecting a
structure from seismic hazards, contact the appropriate
FEMA Regional Office’s Mitigation Division.

Protection of Non-Structural Building
Components and Building Contents

For non-structural building components and contents,
earthquake protection usually involves simpler activities
that homeowners can undertake themselves. These include
anchoring and bracing of fixtures, appliances, chimneys,
tanks, cabinets, and shelves.

LAND SUBSIDENCE

Subsidence of the land surface affects flooding and flood
damages. It occurs in at least 38 states. Although there are
no national figures for increased flood damage due to
subsidence, it can increase flood damage to entire commu-
nities that are subject to coastal flooding, and it threatens
larger or smaller areas elsewhere. Because the causes of
subsidence vary, selected mitigation techniques are required
in different situations.

Subsidence may result in sudden, catastrophic collapses of
the land surface or in a slow lowering of the land surface. In
either case, it can cause increased hazards to structures and
infrastructure. In some cases, the causes of subsidence can
be controlled.

Subsidence is typically a function of withdrawal of fluids or
gases, the existence of organic soils, or other geotechnical

——faetors; it requires-anextensive engineering/geotechmicat—— *“
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analysis. While NFIP regulations do not specifically ad-
dress land subsidence, communities that develop mapping
and regulatory standards addressing these hazards may
receive flood insurance premium credits through the NFIP
Community Rating System. The designer should determine
if a local community has mapped or enacted an ordinance
covering this special hazard.
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GEOTECHNICAL CONSIDERATIONS

P o

Information on land subsidence,
which is sometimes caused by
flooding conditions, can be found
in the Analysis of Non-Flood-
Related Hazards Section of
Chapter IV.

Soil properties during conditions of flooding are important
factors in the design of any surface intended to resist flood
loads. These properties include:

* saturated soil pressures (covered previously in Chapter
IV under Hydrostatic Forces);

 allowable bearing capacity;
* potential for scour;

» frost zone location;

* permeability; and

+ shrink-swell potential.

The computation of lateral soil forces and determination of
soil bearing capacity are critical in the design of founda-
tions. These forces plus the frost zone location and poten-
tial scour play an important role in determining the type of
foundation to use. Likewise, the permeability and
compactibility of soils are key factors in selecting borrow
materials for backfill or levee construction.

[f unsure of local soil conditions, obtain a copy of the U. S.
Department of Agriculture, Natural Resource Conservation
Service Soil Survey of the general area. This survey provides
valuable information needed to conduct a preliminary evalua-
tion of the soil properties, including:

* type, location, and description of soil types;

»__use and management of the soil types; and
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The physical properties of soil
are critical to the design,
suitability, and overall stability
of floodproofing measures.
Therefore, the designer should
consult a geotechnical engineer
if the soil properties at a site do
not support the use of the chosen
retrofitting method. A
geotechnical engineer should
also be consulted for any
information that cannot be
obtained from the Soil Survey or
the local office of the Natural
Resources Conservation Service.

« engineering and physical properties including plasticity
indexes, permeability, shrink/swell potential, erosion
factors, potential for frost action, and other information.

This information can be compiled using Figure [V-30
(Geotechnical Considerations Decision Matrix) to enable
the designer to determine the suitability of the specific soil
type to support the various retrofitting methods. It is
important to note that while the soil properties may not be
optimum for specific retrofitting methods, facilities can
often be designed to overcome soil deficiencies.

The following sections begin a discussion of the various
soil properties, providing the information necessary to fill
out the decision matrix (Figure IV-30) and to understand
the relationship between these soil properties and
retrofitting measures. See Figure IV-31 for an example of a
filled-out matrix.

IV-60
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Geotechnical Considerations Decision Matrix

Address:

Owner Name:

Property Location:

Prepared By:
Date:

Retrofitting
Measures
Elevation | Elevation | Elevation | Elevation | Elevation | Relocation|Dry Flood-|Wet Flood-| Floodwalls
on onFil | onPiers | onPosts | on Piles proofing | proofing and
Foundation and Levees
| )
Soll Properties Walls Columns
High
Lateral Soil Moderate
Pressure
Low
High
Bearing Moderate
Capacity
Low
High
Potential for Moderate
Scour
Low
High
Shrink/Swell
Moder
Potential oderate
Low
High
Potential
Frost Action Moderate
Low
High
Permeability Moderate
Low

Instructions:
This matrix is designed to help the designer identify situations where soil conditions are unsuitable when applied to
centain retrofitting measures, therefare eliminating infeasible measures. It is not intended to select the most suitable
alternative. Instructions for use of this matrix follow:
1. Circle the appropriate descripticn for each of the soil properties.
2. Use the NRCS survey, information from this and other reference books, and engineering judgment to determine
which methods are Suitable (S)/Not Suitabie (NS) for each soil property. Enter S or NS in each box.
conditions.

Figure [V-30: Geotechnical Considerations Decision Matrix

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001

Iv-61



Chapter IV: Determination of Hazards

Geotechnical Considerations Decision Matrix

Owner Name: _J. (3. PUBL I

Prepared By: M QUITH

conditions.

Address: Date:
Property Location:
Retrofitting
Measures
Elevation | Elevation | Elevation | Elevation | Elevation |Relocation| Dry Flood-|Wet Flood-} Floodwalls
on onFil | onPiers | on Posts { on Piles proofing | proofing and
Foundation and Levees
|
Soil Propertles Walls Columns
igh ”5 ”5
Lateral Soil Moderate
Pressure
Low
High
Beanng Moderate
Capacity
w) | Kb Vs | Mo NS
High
Potential for Moderate
Scour
oW \9 5 5
igh NQ N5 ”5
Shrink/Swell Moderate
Potential
Low
High
Potential
Frost Action Moderate
High
Permeability Moderate
=D S S 5
Instructions:

This matrix is designed to help the designer identify situations where soil conditions are unsuitable when applied to
certain retrofitting measures, therefors eliminating infeasible measures. It is not intended to select the most suitable
alternative. Instructions for use of this matrix follow:

1. Circle the appropriate description for each of the soil properties.

2. Use the NRCS survey, information from this and other reference books, and engineering judgment to dstermine
which methods are Sultable (S)/Not Suitable (NS) for each soil property. Enter S or NS in each box.

3. Review the completed matrix and eliminate any retrofitting measures that are clearly unsuitable for the existing soil

Figure IV-31: Example Geotechnical Considerations Decision Matrix
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An approach developed by
FEMA during the elevation of
substantially damaged homes in
Florida and the Midwest is to
reuse the existing footings, if
allowed by code. Referto
FEMA 347: Above the Flood:
Elevating Your Floodprone
Home for details on elevation of
structures.

ALLOWABLE BEARING CAPACITY

Another important consideration is the allowable bearing
capacity of the soil. The weight of the structure, along with
the weight of backfilled soil (if present), creates a vertical
pressure under the footing that must be resisted by the soil.
The term “allowable bearing pressure” refers to the maxi-
mum unit load that can be placed on a soil deposit without
causing excessive deformation, shear failure, or consolida-
tion of the underlying soil. The allowable bearing capacity
is the ultimate bearing capacity divided by an appropriate
factor of safety, typically 2 to 3.

=y Qu.=Q/FS=___ Ibs/SF
”
where: Q..  is the allowable bearing capacity
(in pounds per square foot);
Q, 1s the ultimate bearing capacity
(in pounds per square foot);
FS is a factor of safety, typically 2 or

3 (as prescribed by code.)

Formula IV-23: Allowable Bearing Capacity

Table IV-7 presents estimated allowable bearing capacities
for various soil types to be used for preliminary sizing of
footings only. The actual allowable soil bearing capacity
should be determined by a soils engineer. Most local
building codes specify an allowable bearing capacity to be
utilized in design if the soil properties have not been spe-
cifically determined.

Once the allowable bearing capacity is determined by the
soils engineer or a conservative estimate prescribed by code
is made, the designer can determine the capacity of the
existing foundation to support the expected loads. Depend-
ing on the outcome of that evaluation, the designer may

expected loading condition (i.e., keep the actual bearing
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Table IV-7

Typical Allowable Bearing
Capacity by Soil Type
(from Table IV-3)

Soil Type (Symbol)

Allowable Bearing
Capacity (ib./sf.)

Clay, Soft (CL, CH)

600 to 1,200

Clay, Firm (CL, CH)

1,500 to 2,500

Clay, Stiff (CL, CH)

3,000 to 4,500

Loose Sand, Wet

(SP, SW, SM) 800 to 1,600
Firm Sand, Wet (SP,

SW, SM, SC) 1,600 to 3,500
Gravel (GW, GP,

GM, GC) 2,700 to 3,000

=

Certain types of soil-loose sands
and soft clays (SP, SW, SM, SC,
CL, CH)-exhibit very poor
bearing capacities when satu-
rated; therefore, foundation,
levee, and floodwall applications
in those conditions would not be
feasible without special treat-

ment.

pressure below the allowable bearing pressure of the soil) as
a result of the retrofitting project.

The ability of soils to bear loads, usually expressed as
shearing resistance, is a function of many complex factors,
including some that are site-specific. A very significant
factor affecting shearing resistance is the presence and
movement of water within the soil. Under conditions of
submergence, some shearing resistance may decrease due to
the buoyancy effect of the interstitial water or, in the case of
cohesive soils, to physical or chemical changes brought
about in clay minerals.

While there are many possible site-specific effects of
saturation on soil types, some classes of soil can be identi-
tied that have generally low shearing resistances under most
conditions of saturation. These include:

+ fine silty sands of low density, which in some localities
may suddenly compact when loaded or shaken, resulting
in a phenomenon known as liquefaction;

» sand or fine gravel, in which the hydraulic pressure of
upward-moving water within the soil equals the weight
of the soil, causing the soil to lose its shear strength and
become “quicksand,” which will not support loads at the
surface; and

* soils below the water table, which have lower bearing
capacity than the same soils above the water table.

Other types of saturated soils may also have low shearing
resistances under loads, depending on numerous site-
spectfic factors such as slope, hydraulic head, gradient
stratigraphic relationships, internal structures, and density.
Generally, the soils noted above should not be considered

suitable for structural support or backfill for retrofitting, and
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when they are known to be present, a soils engineer should
be consulted for site-specific solutions.

Mechanical properties of all soils are complex. Attempts
to construct water- or saturated soil-retaining/resisting
structures without a thorough understanding of soil me-
chanics and analysis of on-site soils can result in expen-
sive mistakes and project failure.

SCOUR POTENTIAL

Erosion of fill embankments, levees, or berms depends on
the velocity, flow direction, and duration of exposure.
Scour is localized erosion caused by the entrainment of
soil or sediment around flow obstructions, often resulting
from flow acceleration and changing flow patterns due to
flow constriction. Where flow impinging on a structure is
affected by diversion and constriction due to nearby
structures or other obstructions, flow conditions estimated
for the calculation of depths of scour should be evaluated
by a qualified engineer.

Scour under building foundations and around supporting
walls and posts and the erosion of elevating fill can render
structural retrofitting and resistive designs ineffective,
possibly resulting in failure. Figures IV-32 and IV-33
illustrate scour at open foundation systems and ground
level buildings.

Maximum potential scour is critical in designing an
elevated foundation system to ensure that failure during
and after flooding does not occur due to any loss in bear-
ing capacity or anchoring resistance around the posts,
piles, or piers.
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Figure IV-32: Local Scour at Piers, Piles, and Posts

Depth of
Flooding = d

fp—

= Area of Greatest
Scour Depth at
Both Upstream Corners

Figure IV-33: Scour Action on a Ground-Level Building
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Resistance to scouring increases
with clay content and/or the
introduction of bonding agents,
which help bond the internal
particles of a soil together,

P o

The factor “a” in Formula IV-
24 is the diameter of an open
foundation member or half of
the width of the solid founda-
tion perpendicular to flood flow.

The potential for foundation scour is a complex problem.
Granular and other consolidated soils in which the indi-
vidual particles are not cemented to one another are subject
to scour erosion and transport by the force of moving water.
The greater the velocity or turbulence of the moving water,
the greater the scour potential. Soils that contain sufficient
proportions of clay to be described as compact are more
resistant to scour than the same grain sizes without clay as
an intergranular bond. Likewise, soils with angular particle
shapes tend to lock in place and resist scour forces.

Shallow foundations in areas subject to flood velocity flow
may be subject to scour, and appropriate safeguards should
be undertaken. These safeguards may include the use of
different, more erosion-resistant soils, deeper foundations,
surface armoring of the foundation and adjacent areas, and
the use of piles.

The calculation for estimating maximum potential scour
depth at an elevated or ground-level foundation member
(Formula IV-24) is based upon the foundation (or founda-
tion member) shape and width, as well as the water velocity
and depth, and type of soil.

Where elevation on fill is the primary retrofitting measure,
embankments must be protected against scour and erosion.
Scour at the embankment toe may be calculated as shown
in Formula IV-24.
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Estimate Maximum
Allowable Scour

4

Investigate presence of I

underlying strata which would
terminate scour action
Y

Estimate anticipated
scour depth

v

Estimate required
depth of foundation members

L 2

Interpret results

Figure [V-34: Process for Estimating
Potential Scour Depth

P 4

The scour information presented
is the best available; however,
there is not a general consensus
within the scientific community
that these scour formulas are
valid. Research continues into
this area.

=t s =d[L1(a/d)™ (V/(gd)™*)"¥] = feet

is the maximum potential depth
of scour hole (in feet);

Where:s
max

d is the depth of flow upstream of
structure (in feet);
a is the diameter of post, pier, or

pile or half the frontal length of
the blockage (in feet);

Vv is the velocity of flow approachi
ing the structure (in feet per
second): and

g is the acceleration of gravity (32.2
feet per second.)

Formula IV-24; Maximum Potential Scour at Embankment Toe

The maximum potential scour depth predicted by the
following equation represents a maximum depth that could
be achieved if the soil material were of a nature that could

be displaced by the water’s action. However, in many
cases, a stronger underlying strata will terminate the scour
at a more shallow elevation. Figure IV-34 illustrates the
process of determining the potential scour depth affecting
a foundation system.
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Formula IV-25 can also be used
to approximate local scour
beneath grade beams--set “a”
equal to the depth (vertical

thickness) of the grade beam.

Scour depths estimated with
Formula I'V-26 can be unrealisti-
cally high for coastal areas and
should be capped at 10 feet of
localized scour.

Figure IV-35: Flow Angle of Attack

Step 1: Compute Maximum Allowable Scour. The scour
depth at square and circular pier, post, and pile
foundation members can be calculated as follows:

Lyl S =22a
=ik max
EL- . - .

where: Sm“ is the maximum localized scour
depth in feet;

a is the diameter of a round foundation
element, or the maximum
diagonal cross-section dimension
for a rectangular element.

Formula IV-25: Localized Scour Around Vertical Pile

Localized scour around vertical walls and enclosed areas
(e.g., typical A-zone construction) can be greater than that
around vertical piles, and should be calculated with For-
mula IV-26.

& =
| g€

e = 0, [2.2(2/d )*S[V/(gd )P4} K

| eual |
L /=]

is the maximum localized scour
depth in feet;

where: Sm“

d, is the design stillwater flood depth
in feet (upstream of the structure)
a is the diameter of a round foundation

element, or the maximum
diagonal cross-section dimension
for a rectangular element.

\% is the average velocity of water
in ft/sec

g is the gravitational constant (32.2
ft'sec?)

K is the factor applied for Flow
Angle of Attack (see Figure V-35).

tance of a soils engineer should always be songht when

Formula 1V-26: Localized Scour Around Vertical Enclosure

The above scour equation applies to average soil conditions
(2,000 - 3,000 psf bearing capacity). Average soil conditions
would include gravels (GW, GP, GM and GC), sands (SW,
SP, SM, and SC), and silts and clays (ML, CL, MH, CH).
For loose sand and hard clay, the maximum scour values
may be increased and decreased, respectively, to reflect their
lower and hi gher bearing capacities. However, the assis-

making this adjustment, computing scour depths, and/or
designing foundations subject to scour effects.
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If a wall or foundation member is oriented at an angle to

the direction of flow, a multiplying factor, K, can be ap-
plied to the scour depth to account for the resulting increase
in scour as presented in the following table.

-

Numerous scour equations can be
utilized to estimate scour depths.
The U.S. Department of Trans-
portation recommends a factor of
safety of 1.5 for predicting
building scour depth.

Table IV-8
Scour Factor for Flow
Angle of Aftack, K
Length to Width Ratio of
Angle of Structural Member in Flow
Attack
4 8 12 16
0 1 1 1 1
5 115 2 25 3
D 2 25 35 45
H 25 35 45 5
& 25 35 45 6

Step 2: Investigate Underlying Soil Strata. Once the
maximum potential scour depth has been estab-
lished, the designer should investigate the underly-
ing soil strata at the site to determine if the under-
lying soil is of sufficient strength to terminate
scour activities. Information from the NRCS Soi/

-Survey may be used to make this assessment.

Figure ['V-36 illustrates a scour terminating strata. If an
underlying terminating strata does not exist at the site, the
maximum potential scour estimate will become the antici-
pated scour depth. However, if an underlying terminating
strata exists, the maximum potential scour depth will be
modified to reflect this condition, as shown in Step 3.
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Flood Protection Elevation w

Open
Foundation
Member

d Direction of Flow
————————————-

s

Erosion Avoided by

Terminating Strata

Erodible Soil

Terminatinﬂ Strata

#/Non-Erodible Soll or Bedrock

L

Figure IV-36: Terminating Strata

Step 3: Determine the Anticipated Scour Depth. Based

on the results of Step 2, the designer will deter-
mine the anticipated scour depth to be used in
determining the depth to which the foundation
element must be placed to resist scour effects. Ifa
terminating strata exists, the expected scour would
stop at the depth at which this strata starts, and the
distance from this point to the surface is consid-
ered to be the potential scour depth, (s,), Figure
IV-36. If no terminating strata exists, the maxi-
mum potential scour (s_, ) computed earlier
becomes the potential scour depth (s,).
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Step 4: Determine Required Depth of Foundation
Members. Scour will increase the height above
grade of the vertical member, since the grade level
would be lowered due to scour and erosion (see
Figure IV-37). As this occurs, the depth of burial
(D,) of the vertical foundation member also
decreases an identical distance. This can result in
a foundation failure because the loss of supporting
soils would change the assumed conditions under
which the elevated foundation system was
designed. To account for this, the vertical
foundation member depth used for the purpose of
determining an acceptable design must be
increased by the amount of potential scour depth,

(s,).

SIN
Scour Depth

Additional Depth of
Sq Embedment Required

Figure IV-37: Additional Embedment

Step S: Interpret Results. Foundations, footings, and any
supporting members should be protected at least
to the anticipated scour depth. If the structural
member cannot be buried deeper than the
anticipated scour depth, the member should be
protected from scour by placing rip-rap (or other
crosion-resistant material) around the member, or
by diverting flow around the foundation member
with grading modification or construction of an

“““““““ B indepeﬁdemb"m’re*r(ﬂmdwm’mﬁéveer For——
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Local butlding codes generally
specify the depth of the zone
of maximum frost penetration.
In the absence of guidance in
the local building code, refer to
the National Weather Service
or the NRCS Soil Survey.

situations in which the anticipated scour depth is
minimal, the designer should use engineering
Judgment to determine the required protective
measures. Whenever the designer is unsure of the
appropriate action, a qualified geotechnical
engineer should be consulted.

FROST ZONE CONSIDERATIONS

Because certain soils under specific conditions expand
upon freezing, the retrofitting designer must consider the
frost heave impact in the design of shallow foundations.
When frost-susceptible soils are in contact with moisture
and subjected to freezing temperatures, they can imbibe
water and undergo very large expansions (both horizontally
and vertically). Such heave or expansion exerts forces
strong enough to move and/or crack adjacent structures
(foundations, footings, etc.). The thawing of frozen soil
usually proceeds from the top downward. The melted
water cannot drain into the frozen subsoil, and thus be-
comes trapped, possibly weakening the soil. Normally,
footing movements caused by frost action can be avoided
by placing part of a foundation below the zone of maxi-
mum frost penetration.

PERMEABILITY

Of principal concern for the construction of retrofitting
measures such as levees and floodwalls are the properties
of the proposed fill material and/or underlying soils. These
properties will have an impact on stability and will deter-
mine the need for seepage and other drainage control
measures.
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Since most retrofitting projects are constructed using
locally available materials, it is possible that homogenous
and impermeable materials will not be available to con-

While impervious cutoffs such as struct embankments and/or backfill floodwalls and founda-
compacted impervious core, tions. Therefore, it is essential that the designer determine
SNSRI 0 the physical properties of the underlying and borrowed
cementitious grout curtains can .

be designed to reduce or elimi- soils.

nate seepage, their costs are

beyond the financial capabilities Where compacted soils are highly permeable (i.e., sandy
e soils), significant seepage through an embankment and under a

several lower-cost measures to
control seepage include pervious
trenches, pressure relief wells,
drainage blankets, and drainage
foes. The coefficient of permeability provides an estimate of
ability of a specific soil to transmit seepage. It can be used
(Formula IV-27) to make a rough approximation of the
amount of foundation underseepage. Formula IV-27 may
be used in lieu of Formula IV-17 for large levee/floodwall
applications when the coefficient of permeability for the

specific site soil is known.

floodwall foundation can occur. Various soil types and their
permeabilities are provided in Table IV-9.

S~

It is very important that the { 3 _:_;;I . i
designer keep the units in this = Q=k b A

formula consistent. The results of m

Formula IV-27 depend on the where: Q is the discharge in a given unit of
homogeneity of the foundation time:
and the accuracy of the coeffi- k s the coefficient of permeability

cient of permeability. The results : . . :
should bi considerct:}cli as an for the soil foundation (in feet

indication only of the order of per unit of time);

magnitude of seepage through a Iy is the hydraulic gradient (h/L)

foundation. which is the difference in head
between two points divided by
the length of path between two
points (dimensionless); and

A is the gross arca of the foundat-
ion through which flow takes
place (in square feet).

Formula IV-27: Volume of Seepage
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Soils that exhibit severe shrink-
ing-swell characteristics include
clays and clay mixtures such as
soil types CH, CL, ML-CL, SC,
and MH.

SHRINK-SWELL POTENTIAL

As mentioned earlier in this chapter, due to the continual
shrink and swell of expansive soil backfills and the varia-
tion of their water content, the stability and elevation of
these soils and overlaying soil layers may vary consider-
ably. These characteristics make the use of these soils in
engineering/construction applications imprudent. The
NRCS Soil Survey for a specific area offers guidance on the
shrink-swell potential of each soil group in the area as well
as guidance on the suitability of their use in a variety of
applications including engineering, construction, and water
retention activities. If the designer is unsure of the type or
nature of soil at the specific site, a qualified soils engineer
should be contacted for assistance.

The physical soil parameters at the retrofitting and potential
borrow sites are an important design consideration.
Homeowners and designers should clearly understand that
the advice of a professional soils engineer is vital when
planning retrofitting measures that are not ideal for the
physical soil parameters at a given site.
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Table IV-9 Typical Values of Coefficient of Permeability k for Soils

Soil Type
and Description

Symbol

Typical Coefficient of
Permeability, Ft/Day

Well-graded clean gravels,
gravel-sand mixtures

Poorly graded clean
gravels, gravel-sand-silt

Silty gravels, poorly
graded gravel-sand-silt

Clayey gravels, poorly
graded gravel-sand-clay

Weli-graded clean sands,
gravelly sands

Poorly graded clean
sands, sand-gravel mix

Silty sands, poorly
graded sand-silt mix

Sand-silt clay mix with
slightly plastic fines

Clayey sands, poorly
graded sand-clay mix

Inorganic silts and clayey
silts

Mixture of inorganic silt
and clay

Inorganic clays of low to
medium plasticity

Organic silts and silt-clays,
low plasticity

Inorganic clayey silts,
elastic silts

Inorganic clays of high
plasticity

Organic clays and silty
clays

GW

GP

GM

GC

SW

SP

SM

SM-SC

SC

ML

ML-CL

CL

oL

MH

CH

OH

75

180
1.5x 103
1.5x10%
4.0

4.0
2x102
3.0x10°
7.5x 10
1.5x10°3
3.0x10*
1.5x 104
Quite variable
1.5x10%
1.5x 107

Quite variable

2 fymin
1 f/year =1 x 10° cm/sec
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Chapter V: Benefit/Cost Analysis and Alternative Selection
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BENEFIT/COST ANALYSIS
AND ALTERNATIVE SELECTION

Benefit/cost analysis is a powerful tool to help determine whether the benefits of a
prospective hazard mitigation project are sufficient to justify the costs of the project. This
analysis can also be used to assist in ranking different retrofitting alternatives.

A new CD that includes the software "Benefit/Cost Analysis for Flood," and the
accompanying user's guide, is scheduled for release by fall 2001. The benefits calculated
by the software are expected future benefits estimated over the useful lifetime of a retrofit
project to protect against riverine or coastal flooding. To account for the time value of
money, a net present value is calculated automatically by the model.

The benefit/cost software has been updated several times since it was first released. It is
recommended that the user request the latest version from the appropriate FEMA Region.

THE BENEFIT/COST ANALYSIS PROCESS

Benefit/cost analysis provides estimates of the benefits and
\ ) costs of a proposed project. The term “benefit/cost
/v analysis” is used to denote economic analyses that apply
] either the net benefit criterion or the benefit/cost ratio
Benefit/Cost vs. Cost-Effective criterion to evaluate prospective actions. Both costs and
Analysis. Benefit/cost analysis . .
benetits are discounted to their present values. The net

differs from cost-effectiveness R )
analysis in one major way—it benefit criterion subtracts costs from benefits to determine

considers a project’s merits (or if benefits exceed costs. Benefit/cost ratios provide an
benefits). Analysis of cost- alternative evaluation of economically feasible projects:
effectiveness simply identifies the prospective actions in which benefits exceed costs have

least expensive way to achieve an
objective. Benefit/cost analysis
also takes into account the usually
different benefits of various
retrofitting measures.

benefit/cost ratios above 1.0.
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The “benefits” considered in a
retrofitting measure are the future
damages and losses that are
expected to be avoided as a result
of the measure.

Evaluate Hazards

Estimate
Potential Damages

Identify Costs for
Each Alternative

ldentify Benefits for
Each Alternative

Compute B/C Ratio
and Net Present Value
for Each Alternative

Evaluate Results

Select a Method

Figure V-1: Benefit/Cost

Analvsis Process

The benefits of retrofitting projects are avoided future
damages. Benefits are not the damages incurred in an event
already experienced, even if such damages would have
been avoided by the retrofit project. Rather, benefits are
the present value of the sum of expected avoided future
damages for all levels of intensity of future floods.

To estimate future damages (and the benefits of avoiding
them), the probabilities of future events must be consid-
ered. The probabilities of future events profoundly affect
whether a proposed retrofitting measure is cost effective.
The benefits of avoiding flood damage for a building in the
10-year floodplain will be enormously greater than the
benefits of avoiding flood damage for an identical building
situated at the 1,000-year flood level.

Each proposed retrofitting project must be evaluated on its
own merits, comparing the benefits and costs of a specific
project and/or alternatives. In particular, the benefits of a
project may vary markedly depending on the vulnerability
of the existing home to damages and losses, the probabili-
ties of future damages, and the effectiveness of the mitiga-
tion measure in avoiding future damages.

Figure V-1 presents the basic steps in performing any
benefit/cost analysis. These steps are summarized below.
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EVALUATE HAZARDS

Conducting a benefit/cost analysis of flood hazard mitiga-
tion projects requires estimating the expected frequency
and severity of flooding in the area under consideration.
Detailed flood information is given in Flood Insurance
Studies (FISs) where such studies are available. State,
local, and privately prepared studies may exist as well.

Chapter [IV—Determination of Hazards—provides guid-
ance on the development of the flood hazard information
required for conducting a benefit/cost analysis.

ESTIMATE THE POTENTIAL
DAMAGES (NO ACTION
ALTERNATIVE)

Estimating the benefits of prospective flood hazard mitiga-
tion projects requires site-specific data to establish expected
damages as a function of flood depth (and other flood
hazards such as high velocity, ice/debris flows, or soil
failure, where appropriate). The expected flood hazard
relationships developed in the previous step are used in
conjunction with actuarial flood damage data developed
from FIA flood insurance claim data and compiled in tables
and graphs of damage versus depth of flooding. FEMA's
new software, Benefit/Cost Analysis for Flood, considers
property damage and certin other economic losses.

COSTS ASSOCIATED WITH
ALTERNATIVES

The costs of a flood hazard mitigation project vary accord-
ing to the retrofitting measure and generally include direct
construction costs, engineering or architectural design fees,
permit fees, contractor’s fees, the cost of temporary living
quarters, and loss of income due to design/construction

activities. Guidance on estimating these costs is provided
ar. JIT
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y 4

FEMA's new software, Benefit/
Cost Analysis for Flood (fall 2001
release), can be used to evaluate
the benefit/cost ratio of the flood
hazard mitigation measures
presented in this manual. The
software operates in a runtime
version of Microsoft Access®
included with the program.

ESTIMATE BENEFITS

The benefits of a flood hazard mitigation project are the
avoided future damages. Benefits cannot be determined
exactly because the times and severity of future flooding
events are not known exactly. Rather, benefits are esti-
mated by probability, based on experienced or hypothetical
floods of various severity.

COMPUTE BENEFIT/COST RATIO
AND NET PRESENT VALUE

The computation of benefit/cost values involves discount-
ing projected benefits and their associated costs to their
present values and computing either a benefit/cost ratio or a
maximum present value. Benefit/cost ratios of 1.0 or
greater and positive net present values indicate a cost-
beneficial project.

EVALUATE RESULTS

The results of a benefit/cost analysis include the present
value of damages and losses avoided, costs of the specific
retrofitting measure, and calculation of either the net
present value or benefit/cost ratio. As previously stated,
alternatives with a positive net present value or a benefit/
cost ratio greater than [.0 indicate a cost-beneficial project.

Where more than one alternative is being considered,
ranking of the alternatives from the highest to lowest net
present value indicates desirability (from a benefit/cost
standpoint) of each alternative with respect to other alterna-
tives.
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For guidance on performing
benefit/cost analysis using manual
methods, please refer to “How to
Evaluate Your Options” prepared
by the U.S. Army Corps of
Engineers National Flood Proof-
ing Committee. A complete
reference for this document is
provided in Appendix C.

SELECT A METHOD

The existence of a favorable benefit/cost ratio is not the
sole factor for the selection of a retrofitting measure. Other
economic, technical, and subjective factors can influence
the homeowner’s selection of a retrofitting measure.

Conducting a benefit/cost analysis for a flood hazard
mitigation project requires various data and judgments to
estimate the expected frequencies and intensities of dam-
age-producing flood events. Further estimates are made of
both the benefits and costs associated with the different
retrofitting measures. The calculations involved with
establishing these estimates can be fairly complicated.
FEMA'’s software automates the necessary computations.
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EVALUATE HAZARDS

Determine Flood
Frequency, Discharge
and Elevation

Compile Discharge
vs. Exceedence
Probability Curve

Figure V-2: Critical Steps in
Evaluating Flood Hazards

P o

A Flood Insurance Study (FIS)
consists of an FIS report, Flood
Insurance Rate Map (FIRM), and
(in non-coastal floodplains) a
Flood Boundary and Floodway
Map (FBFM). The FIS report
describes how the flood hazard
information was developed for the
community. The FIRM shows
areas inundated during a 100-year
flood event. The FBFM delineates
the regulatory floodway adopted
within the community.

To perform a benefit/cost analysis, the tlood hazard to the
structure in question must be determined in terms of the
frequency and intensity of expected floods. The hazard
analysis must include the expected frequency of flood hazards
(e.g., a 50-year flood), depth of flooding, and in the case of
riverine flooding, the corresponding intensity or severity of the
flood [e.g., discharge of 1,500 cubic feet per second (cfs)].

To perform an economic analysis in riverine flooding
situations, the relationship between discharge and water-
surface elevation (often referred to as the rating curve,
depicted in Figure V-3) and the relationship between
discharge and exceedence probability must be known. This
section describes how to develop this data (the process is
illustrated in Figure V-2). In coastal A Zones, FISs provide
a table of the flood frequency versus flood elevation.
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Figure V-3: Discharge Versus Elevation (Rating Curve)
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™

To obtain a copy of the FIS for the
community in question, contact
FEMA's Map Service Center
(MSC) at 1-800-358-9616. You
can obtain information about the
MSC at www.fema.gov/msc

5 o

The various agencies that maintain
flood information are listed in
Appendix C.

DETERMINE FLOOD FREQUENCY,
DISCHARGE, AND ELEVATION

Several tools exist that can be utilized to obtain information
on the flood hazards affecting the structure in question. A
Flood Insurance Study (FIS) is available for most flood-
prone communities throughout the United States.

In some cases, an FIS may not be available for a community,
or it may have insufficient data for the flooding source
affecting the building. In these cases, the designer can turn to
the U.S. Army Corps of Engineers (USACE) and Natural
Resources Conservation Service (NRCS), which provide
flood hazard information reports for many flooding sources.
The U.S. Geological Survey (USGS) and the Tennessee
Valley Authority (TVA) also publish stream gage data and
have flood information reports for various flooding sources.

State or local floodplain studies may also be available for
the community. For more information concerning available
data, contact the floodplain management services office of
the USACE or the local offices of the USGS, TVA, NRCS,
or your municipal engineer, floodplain administrator, flood
control district, or water control boards.

COMPILE DISCHARGE VERSUS
EXCEEDENCE PROBABILITY CURVE

For riverine Zone AE scenarios, FEMA’s benefit/cost
computer program takes the data for flood frequency,
discharge, and elevation and automatically compiles the
discharge versus elevation and discharge versus exceedence
probability curves. This information is critical for the
development of the depth-damage relationships presented
in the next step.

Coastal Zone A flooding 1s evaluated using storm surge
models or tide gage analyses, which predict flood
elevations. The FIS gives tlood elevations relative to a
benchmark elevation, generally, the National Geodetic
Vertical Datum of 1929 (NGVD 29) or the North American

Vertical Datum of 1988 (NAVD 88).
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Determine Flood
Frequency, Discharge
and Elevation

\]

Compile Discharge
vs. Exceedence
Probability Curve

Figure V-4: Critical Steps in
Evaluating Flood
Hazards

Unlike riverine FIS data, flood data given in the FIS for
coastal A Zones include a table of exceedence probability
(flood frequency) versus flood elevation. FEMA’s benefit/
cost computer model analyzes these data and creates a
relationship between exceedence probability and flood
depth. This regression fit gives the annual exceedence
probability for all floods in one-foot increments of depth.

For a given coastal area covered by an FIS and a FIRM, the
elevations of the 10-, 50-, 100-, and 500-year floods are
constant over the entire area. However, the probability of a
given flood depth occurring at a specific site depends very
strongly on the elevation of the particular site. Thus, the
Zero Flood Depth Elevation of the facility under evaluation
has a profound impact on the degree of flood risk
experienced at the site.
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ESTIMATE POTENTIAL DAMAGES

Estimating the potential damages to a structure for the no-
action (before mitigation) alternative is a critical step in the
overall development of expected benefits from retrofitting
measures. The potential damages (flooding depth and loss
of function) from the no-action alternative serve as the
baseline from which future avoided damages can be
computed for various retrofitting alternatives.

The damage curves derived from FIA data (Figure V-5) are
included as default values in FEMA's benefit/cost software.
The software also contains default estimates of
displacement and loss of function time. Alternatively, the
analyst can enter custom curves based on building-specific
conditions. The software uses these curves to compute
flood-depth vs. damage and probability vs. damage
relationships.

The estimated damages and losses for the existing building
at each flood depth depend on the depth-damage functions
for items such as building and contents, displacement, and
rental losses. The expected damages and losses also depend
very strongly on the degree of flood risk at the site under
evaluation.
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Building Damage Percent by Buiiding Type
(based on building replacement value)

Flood
Depth 1‘Story 2'Story Spi@t Level 1 or2 Split'Level Mobile
without without without tory with with Home
Basement | Basement | Basement | Basement | Basement
-2 0 0 0 4 3 0
-1 0 0 0 3 5 0
0 9 5 3 11 6 8
1 14 9 9 15 16 44
2 22 13 13 20 19 63
3 27 18 25 23 22 73
4 29 20 27 28 27 78
5 30 22 28 33 32 80
6 40 24 33 38 35 81
7 43 26 34 44 36 82
8 44 29 41 49 44 82
>8 45 33 43 51 48 82
Contents Damage Percent by Building Type
(based on total value of contents)
Flood
Depth 1‘Story 2'Story Spl?t Level 1 or2 Split‘LeveI Mobile
without without without Story with with Home
Basement | Basement | Basement | Basement | Basement
-2 0 0 0 6 5 0
-1 0 0 0 12 8 0
0 14 8 5 17 9 12
1 21 14 14 23 24 66
2 33 20 20 30 29 90
3 41 27 38 35 33 90
4 44 30 41 42 41 90
5 45 33 42 50 48 a0
6 60 36 50 57 53 90
7 65 39 51 66 54 90
8 66 44 62 74 66 90
>8 68 50 65 77 72 90

Figure V-3: FIA Depth-Damage Daa Table for Structural Damage and Contents
g f g
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Scenario damages are based on
depth of flooding, not on flood
hazard risk. Two identical
buildings at different locations will
have identical scenario damages,
given the same depth of flooding.

\)

P 4
Even for buildings with high
expected annual damages,
mitigation projects are not
necessarily cost-beneficial.
Whether or not a project is cost-
beneficial depends on the cost of
the mitigation project and on the
effectiveness of the mitigation
project in avoiding damages, as
well as on the expected annual

damages.

FEMA’s benefit/cost ratio model characterizes losses
expected both before and after mitigation as follows:

Scenario Damages: Scenario damages indicate the esti-
mated damages that would result from a single flood of a
particular depth at the building under evaluation. For
example, the scenario damages for a three-foot flood are the
expected damages and losses each time a three-foot flood
occurs at a particular site. Scenario damages do NOT
depend on the probability of floods at that location. The
model tabulates scenario damages for each flood depth
from -2 to >8 feet for building damages, contents damages,
displacement costs, and rental income losses (as well as
other categories not applicable to residences). The total
damages and losses are shown for each flood depth. This
information shows the total vulnerability of the existing
building to flood damage, how these damages are distrib-
uted among different categories of damages, and how these
damages vary with flood depth.

Expected Annual Damages: Expected annual damages
take into account the annual probabilities of floods of each
depth. Expected annual damages are the average damages
per year expected over a long period. “Expected annual”
does not mean that these damages will occur every year.
For each flood depth, expected annual damages are calcu-
lated by multiplying the scenario damages times the ex-
pected annual number (probability) of floods of each depth.

The expected annual damages are tabulated in the same way
as scenario damages. Expected annual damages will gener-
ally be much smaller than scenario damages because they
are multiplied by the probabilities of occurrence, which are

small numbers.
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Scenario damages and expected
annual damages provide different
information. Scenario damages
describe how bad flood damages
will be each time a flood occurs.
However, because scenario damages
do not consider flood probabilities,
they do not provide sufficient
information for decision making.
Scenario damages for a given flood
depth may be high, but if the flood
probability is very low, no mitiga-
tion action may be warranted. Ifa
five-foot flood causes $50,000 in
damages but such a flood is
expected to occur only once in
1,000 years, then simply repairing
the very infrequent flood damage
may be the most sensible strategy.

The scenario damages before mitigation and the expected
annual damages before mitigation provide, in combination,
a complete picture of the vulnerability of the building to
flood damage before undertaking a mitigation project.

Expected annual damages consider flood probabilities. A
building with high expected annual damages means that not
only are scenario damages high, but also that flood prob-
abilities are relatively high. If expected annual damages
are high, then there will be high potential benefits in avoid-
ing such damages.

Damages after mitigation depend on the effectiveness of
the mitigation measure in avoiding damages. The expected
annual damages and losses after mitigation also depend
very strongly on the degree of flood risk at the site under
evaluation. For some mitigation projects, such as reloca-
tion or buyout, the scenario damages and expected annual
losses after mitigation will be zero. For other mitigation
projects, such as elevation or flood barriers, scenario
damages and expected annual losses after mitigation will be
lower than before mitigation but not zero. FEMA’s benefit/
cost model tabulates after-mitigation losses in the same
way as before-mitigation losses.

V-12
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IDENTIFY COSTS ASSOCIATED WITH ALTERNATIVES

Once a detailed review of the flood hazard and associated
losses has been performed, the costs associated with each
of the technically feasible alternative retrofitting measures
must be determined. Developing detailed construction cost
estimates is crucial to ensuring that the homeowner can
afford to complete the project. In Chapter III, a
methodology for developing preliminary estimates of the
cost of various retrofitting measures was presented. The
methodology for developing detailed construction costs is
similar, but requires more detail and definition of project
component quantities and unit costs and often occurs after
the preliminary economic analysis. Generally, the
approach to examining retrofit alternatives and selecting
the one that is most appropriate is an iterative cycle that
includes the following steps:

* examine technical feasibility of alternatives;

* develop preliminary cost estimates of each
alternative being considered;

* model benefit/cost ratios of considered alternatives;

* rank alternatives based on net benefits (benefits minus
costs);

* develop more detailed design studies of highly ranked
alternatives and detailed cost estimates; and

* refine benefit/cost models if previous step yields cost
figures significantly different from previous estimates,
and re-rank alternatives as indicated based on new net
benefits and homeowner preference.

————————————Detailed-cost-estimating is-discussed-fater i this chapter
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ESTIMATE BENEFITS

The benefits of a flood hazard mitigation project are the
reduction in damages that would otherwise be expected.
Expected annual benefits are defined as the sum of ex-
pected avoided damages. The benefit/cost software auto-
matically computes values for the types of damages illus-
trated in Figure V-6 and explained below.

Expected Annual » Scenario Damages: The expected damages for a flood
MES__I event reaching a given flood depth at the residence.
Figure V-6: Types of Benefits Scenario damages (SCD) are the sum of building
Evaluated damages (BD), contents damages (CD), displacement
costs (DIS), and rental income losses (RENT) caused

by the flood depth associated with a particular event.

Scenario
Damages

Expected
Annual Damages

SCD =BD + CD + DIS + RENT

where: SCD s the total scenario (per event)

damages;

BD s scenario building damages in
dollars;

CD s scenario contents damages in
dollars;

DIS is scenario displacement costs in
dollars; and

RENT is scenario rental income losses
in dollars.

Formula V-1: Scenario Damages
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AR R AT building (dollars per square foot);

* Building Damages: (BD) are defined as the product of
floor area of the building (FA), replacement value of
the building per square foot (BRV), and the depth
damage function (DDF), which is the expected damage
at a given flood depth expressed as a percentage of
building replacement value.

BD = (FA) (BRV) (DDF)

where: BD s the total amount of building
damage per scenario in dollars;
FA s the floor area of the building
(in square feet);
BRYV is the replacement value of the

and

DDF is the expected damage by flood
depth, expressed as a percentage
of building value.

Formula V-2: Building Damages

¢ Contents Damages: (CD) are estimated as the product
of the expected contents damage (ECD) and the total
building contents replacement value (CRV) for each
flood depth. Building and contents damages can also
be taken from the depth-damage curves developed by
FIA.

N CD = (ECD) (CRV)

where: CD s the total contents damage in
dollars;

ECD is the expected contents damage
for a given flood depth, ex-
pressed as a percentage of con-
tents replacement value; and

CRYV s the total building contents
replacement value in dollars.

Formula V-3: Contents Damages
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» Displacement Costs: (DIS) are defined as the product
of the number of days that the occupant must be out of
the building due to flooding (DD), the total costs of
displacement per day per square foot of living area
(TDC), and the total area occupied (TA).

|W“

it O
==

£EE S DIS =(DD) (TDC) (TA)

where: DIS s the displacement cost in dollars;

DD s the estimated number of dis-
placement days for a given flood
depth;

TDC s the estimated displacement
costs per day per square foot; and

TA s the total arca occupied in
square feet.

Formula V-4: Displacement Costs

» Rental Income: Losses are also included if all or part
of the residence is rented. Rental income losses
(RENT) are the product of displacement days (DD) and
the daily rental rate (DRR).

=il RENT = (DD) (DRR)

where: RENT 1s the total rental income lost in

dollars;
DD is the number of displacement
days; and

DRR s the daily rental rate in dollars.

Formula V-5: Rental Income Losses
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* Expected Annual Damages: Expected annual dam-
ages (AD) are the product of scenario damages (SCD)
and the expected annual number of tloods of a given
depth (EAE):

coo ol |
eeen

21
et 3

fﬁ AD = (SCD) (EAE)

where: AD  is the expected annual damages
in dollars;

SCD s the scenario damages (as
defined previously) in dollars;
and

EAE is the expected annual number of
floods of a given depth.

Formula V-6: Expected Annual Damages

* Expected Avoided Damages: Expected avoided dam-
ages (AVD) are the product of expected annual dam-
ages (AD) and the effectiveness of the mitigation
measure (EFF):

AVD = (AD) (EFF)

where: AVD s the expected avoided damages

in dollars;
AD  are expected annual damages in
I () dollars;
& WA jz""’/,fﬁ/ﬂ EFF s the effectiveness of the mitiga-

tion measure in reducing ex-
pected damages from a flood of a
given depth (percent of expected
damages expressed as a decimal
equivalent).

Formula V-7: Expected Avoided Damages
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« Expected Annual Benefits: The expected annual
benefits (AB) of a hazard mitigation project are the sum
of expected avoided damages (AVD) over the range of
flood depths considered. FEMA’s benefit/cost model
includes a range of from -2 feet to >8 feet.

AB= S'AVD

RE=min

where: AB  is the expected annual benefits in
dollars;

RF s the flood depth considered
above the zero flood depth
elevaton (in feet);

min  is the minimum damaging flood
considered above the zero flood
depth clevation (in feet),

max is the maximum tlood depth
considered above the zero flood
depth e¢levation (in feet); and

AVD s the expected annual avoided
damages from cach flood depth
above the zero flood depth eleva-
tion considered (in dollars).

Formula V-8: Expected Annual Benefits
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COMPUTE BENEFIT/COST RATIO AND NET PRESENT
VALUE

One important aspect of benefit/cost analysis is accounting
for the time value of money. The value of money changes
over time due to economic, political, and other factors.
Interest rate changes may impact the estimation of costs
and benefits expected to occur in the future.

For that reason, benefit/cost analysis requires a common
basis for comparing estimates of project costs and benefits.
This is usually accomplished by converting present, future,
and annual project costs and benefits to a common basis
such as present value, future value, or average annual
values.

SIS

The assumed interest rate, or discount rate, is the factor that
controls the conversion of future values to present values.

Increasing the discount rate lowers the present value of
future benefits/costs and, conversely, lowering the discount
rate raises the present value of future benefits/costs.

N
- v As previously mentioned, either the benefit/cost ratio or net
Formulas provided here are benefit criterion can be used to evaluate each prospective
automated in FEMA’s benefit/cost retrofitting action. Earlier sections of this chapter have
software. built the foundation for completion of the analyses dis-

cussed below.
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Convert
Estimated Benefits
to Present Value

!

Convert
Estimated Costs
to Present Value

Compute
Benefit/Cost
Ratio

Figure V-7: Critical Steps in
Benefit/Cost
Ratio Analysis

CONVERT ESTIMATED ANNUAL
BENEFITS TO A PRESENT VALUE

After determining the average annual damage to be pre-
vented by the retrofitting measure, the present worth of
damages prevented over the expected life of the structure
can be determined. To make this determination, one must
first assume the building’s life expectancy; this will
normally be the useful life of the structure. However,
analysts can use the period the homeowner plans to oc-
cupy the home, or the length of the mortgage. Secondly,
an interest rate for borrowing money to retrofit must be
assumed. This rate may be obtained from any bank. The
analyst can then use the following formula to compute a
present worth factor for the assumed life of the structure
and the assumed interest rate:

PWF = ﬂ__l
(1+1i)"
where: PWF s the present worth factor;
n is the assumed life of the
structure (years); and
i is the assumed interest rate for

borrowing money (decimal
cquivalent of percent per year).

Formula V-9: Present Worth Factor
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Multiply the average annual damage prevented by retrofit-
ting by the present worth factor to determine the present-
day value of these expected flood damages avoided.

ﬁ EAB,, = (PWF) (AB)

where: EAB,,, is the present value of estimated
annual benefits in dollars;
PWF is the present worth factor; and
AB  is the expected annual benefits of
a mitigation project in dollars.

Formula V-10: Present Value of Estimated Annual Benefits

CONVERT ESTIMATED COSTS OF
RETROFITTING TO A PRESENT
VALUE

The primary cost of a retrofitting measure will be the
engineering and construction costs, which already represent
present-day values. Should the retrofitting measure require
annual operation and maintenance costs (including replace-
ments), these estimated periodic costs should be converted
to a present-day value, using the same methodology previ-
ously employed to convert annual benefits to a present
value worth.

E“\CP\' =(PWF) (AC) + ECCPV

where: EAC, is the present value of estimated
annual costs in dollars;

PWF is the present worth factor;

AC s the expected annual cost (in
dollars) for operation and mainte-
nance of a specific retrofitting
measure; and

ECC,, is the present value of the
engineering and construction
costs associated with a specitic
retrofitting measure, in dollars.

Formula V-11: Present Value of Estimated Annual Costs
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COMPUTE THE BENEFIT/COST
RATIO AND/OR NET BENEFIT

Once the present value of the benefits and costs associated
with a retrofitting measure is computed, dividing the
present value of the benefits by the present value of the
costs will enable the designer to evaluate retrofitting

alternatives.
[ |
==s | -
= BCR =EAB,, / EAC,,
where: BCR is the benefit/cost ratio;

EAC,, is the present value of
estimated annual costs in
dollars; and

EAB,, is the present value of
estimated annual benefit
in dollars.

Formula V-12: Benefit/Cost Ratio

An alternative evaluation measure is to subtract the present
value of the costs from the present value of the benefits.

=

NPV =EAB,, - EAC,,

where: NPV is the net present value or
benefit of the mitigation
measure:
EAC i1s the present valuc of

PV
estimated annual costs in

dollars; and

is the present value of
estimated annual benefits
in dollars,

EAB

Formula V-13: Net Present Value
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A benefit/cost ratio of 1.0 or greater indicates that the
benefits of the retrofitting alternative exceed the costs. The
alternative with the highest benefit/cost ratio or net benefit
would be the preferred alternative from an economic
perspective, if the same level of protection (design flood) is
being evaluated.

It should be pointed out that the entire procedure of gener-
ating a benefit/cost ratio is not an exact science but instead
a subjective process. The creation of a benefit/cost ratio is
intended to give an idea of the cost effectiveness of a
specific retrofitting technique in comparison to the other
options available. As long as the same procedures are
utilized in all scenarios, the ratio should provide the de-
signer with an idea of the relative cost effectiveness of all

options.

Benetfit/cost models can be used to optimize the selection
of a retrofitting measure by analyzing incremental improve-
ments to a selected alternative. This is accomplished by
maximizing (avoided damages) benefits while minimizing
project costs. It is an iterative process whereby an original
retrofitting solution is modified by adding or deleting
design features and/or designated protection levels. Each
modification will have an impact on the project benefits
and costs and subsequently the benefit/cost ratio. This
technique will assess the relationship between increased
(decreased) cost and increased (decreased) effectiveness for
the range of modifications with a particular retrofitting
measure analyzed.

The following example illustrates this optimization tech-
nique.
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Benefit/Cost Analysis Optimization Example

Given: A one-story, 2,500 SF slab-on-grade building with a first floor
elevation of 6.0 NGVD is subject to coastal A Zone flooding (1-yr=2.0',
10-yr = 5.0", 50-yr = 7.0', 100-yr = 9.0', and 500-yr = 10.0").

Building replacement is estimated at $50/SF; contents replacement at
$8/SF, and rental cost (displacement) at $1/SF.

Alternative 1: Construct a 3-foot-high floodwall (9.0' NGVD) around the
building. The floodwall has a 30-year useful life and project costs are
estimated at $10,000 with an annual maintenance cost of $250.

Floodwalls are considered effective to one foot below their flood protec-
tion elevation. In this case, seepage and leakage concerns reduce the
project effectiveness to 90% for floods reaching 6.0' NGVD; 85% at
7.0,” NGVD; 80% NGVD, and 0% at 9.0' NGVD and above (since the
water elevation is the same both inside and outside the floodwall due to

overtopping).

Alternative 1 Results: Benefit/cost ratio of 1.03 indicates this project is
beneficial to pursue.

However, the homeowner is concerned that seepage and leakage will
damage flooring and building contents (and result in a potentially expen-
sive temporary relocation) and is therefore considering adding an interior
drainage system (periphery drainpipe and sump pump system) to Alter-
native 1. Economic optimization can be used to indicate whether this
design change would be cost-beneficial.

Alternative 2: Construct an interior drainage system with the 3' floodwall
proposed in Alternative 1. New project costs are estimated at $15,000
with annual maintenance of $350. The drainage system improves project
effectiveness to 100% at all flood depths up to and including 8.0' NVD.

Alternative 2 Results: Benefit/cost ratio of 0.81 indicates the addition of
an interior drainage system would not be a beneficial modification to

Alternative 1.

This results from the fact that the increased benefits (dnmngpc avoided)

are not sufficient to support the additional construction cost and annual
maintenance ¢xpenditures.
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SELECT A METHOD

Factors Weighing on
Alternative Selection

» Total Project Cost

+ Net Benefits

* Technical Feasibility
+ Aesthetics

+ Need for Human
Intervention

« Need for Annual
Maintenance

Figure V-8: Factors Weighing on
Alternative Selection

While benefit/cost analysis provides an indication as to
whether a retrofitting alternative is cost-beneficial, it is not
the sole parameter upon which retrofitting measures are
selected. Occasionally, there will be more than one
favorable alternative, or the designer will customize the
retrofitting measure, either by combining several methods
or varying the level of protection.

Owner preference can also have an impact on sound
economic analysis and make a less cost-beneficial
alternative a more preferable choice. The cost of the
retrofitting measure may be the pivotal factor in a
homeowner-financed retrofitting project. Conversely, local
code requirements may limit the use of a method preferred
by the homeowner. In the final analysis, it is the owner
who must be satisfied with the retrofitting alternative. Each
of these factors (aesthetics, local code requirements, and
hazards such as wind, earthquake, erosion, impact, and
other forces) may affect the applicability of a specific
retrofitting measure. The designer is advised to consider
these factors along with the economic analysis of the
various alternatives (see Figure V-8).

* Total Project Cost: This represents costs required to
construct the retrofitting alternative. The designer
should review this value in terms of how the project
suits the homeowner's budget.

* Net Benefits: As discussed previously, this
value indicates whether an alternative is cost-beneficial.
The higher the value, the more cost-beneficial the alter-
native. The designer should review the net benefits for
the retrofitting alternatives being considered.

*  Technical Feasibility: The designer must judge the

rechnical soTution(s) that best address the project
objectives.
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+ Aesthetics; This value reflects the owner’s view on the
way the retrofitting alternative fits in with the appear-
ance of his/her house.

» Human Intervention Requirements: This reflects the
need for human intervention to operate the retrofit
measure and the warning time required to conduct the
required activity.

* Annual Maintenance: This reflects the intensity
of annual maintenance required by each retrofitting
alternative.

A preference scale or order of preference ranking can be
utilized with the table presented in Figure V-9 to arrive ata
subjective decision on the retrofitting method to be se-
lected. The preference scale assigns numbers 0 to 10 to
each alternative by factor, with 0 indicating undesirable and
10 meaning highly desirable. The values assigned to the
various factors for each alternative are totalled, and the
alternatives with the highest total should be the optimal

choices.

The preference scale process can also be modified by
weighting the decision factors to reflect the increased
importance of any specific factor. For example, if total
project cost were the predominant factor, the value (0-10)
could be multiplied by a factor, for example, 2, which
would double its contribution to the overall score, thereby
reflecting its importance.
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Owner Name: Prepared By:
Address: Late:
Property Location:

Decision Factors

Cther
Net Technical Human Annual Total
Alternative Cost Benefits { Difficulty | Aesthetics | interventioniMaintenance Score

1. Elevation
Preference 5 6 10 {4 i 10 | 0 _) | 4

Waighted Score

Instructions:
This matrix may be filled out by the designer in consultation with the homeowner. The objective of this matrix is to

select an alternative for design from competing alternatives which had previously passed screening for technical
feasibility and homeowner preference.,

For each alternative, enter the alternative name (i.e. 1A, 1B, 1C) and unweighted preference score (0-10) on the first
row. A score of 0 indicates the measure is the least preferred in terms of the decision factor, while a score of 10

indicates the measure is the most preferred. A blank column is provided for any additional decision factor(s) which
are being considered by the designer or homeowner.

Based upon the relative importance of each decision factor to the designer and homeowner, develop and enter an
importance factor (weighting amount} for each decision factor on the second row. Multiply the unweighted preference
score by the importance factor (weighting amount) and enter the result on the third line. Total the first and third lines
on the right hand column (Totaf Score). The preferred alternative is the one with the highest weighted score.

rigure V-4 Preierence RKanking wWorksheet
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DETAILED COST ESTIMATING

Previously, in Chapter II, we were able to utilize a unit
cost (per square foot) for a specific retrofitting measure,
such as elevating a wood-frame building on an open foun-
dation and adding ancillary items for fill and landscaping,
to arrive at a preliminary construction cost estimate. When
and if the cost estimate is refined after the retrofit measure
alternatives are further defined from a design standpoint,
the costs of each may be found to differ from earlier esti-
mates that were used to rank the retrofit alternatives. If this
difference in estimated cost is significant for a given alter-
native, the benefit/cost ratio for that alternative could be
affected. Therefore, the designer/analyst may re-run the
benefit/cost model for any alternatives affected in this way,
which could result in a different ranking of potential retrofit
alternatives.

When the retrofitting measure is designed (as discussed in
Chapter VI), the cost estimate can be refined by identifying
and pricing all of the components of the retrofitting mea-
sure. For example, site preparation, building preparation,
permitting, excavation and earthwork, foundation, concrete,
reinforcing, framing, elevation, utility extension, connec-
tions, code upgrades, backfill, site stabilization, access/
egress, landscaping, and interest costs can be estimated and
then aggregated.
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Cost estimate accuracy can be directly related to the level of
detail in a quantity breakdown. Quantities or components
not identified usually do not get estimated and may not be
covered by any allowed-for contingency, resulting in less
accurate estimates. Figure V-10, the Floodproofing Mea-
sure Component Takeoff Guide, was developed to identify
cost items typically found in the various retrofitting mea-
sures. However, every retrofitting application is unique and
may include more of or fewer than the components listed.

Floodproofing Measure Component Takeoff Guide

Elevation Techniques Floodwalls
* Site Preparation * Site Preparation

« Building Preparation « Excavation

* Elevation of Structure * Construction of Floodwall

* Foundation Construction « Closure Installation

* Connection of Structure to New Foundation | Access and Egress

* Extension of Utility Systems * Drainage System Instaliation
* Required Code Upgrades * Site Grading and Stabilization
* Exterior Finish Work L « Interior Area Finishing

* Interior Finish Work « Utility System Adjustment

* Access and Egress « Landscaping

» Site Grading and Stabilization
* L andscaping

Levees
Relocation Techniques : gg;ha\zgrsorrow Area Preparation
* Preparat'lon of Ex!st!ng S"? , * Drainage System Installation
* Preparation of Existing Building * Access and Egress
* Pr epafatlon of the Route + Site Grading and Stabilization
* Elevation of Structure
* Transfer of Building to Transportable Frame
* Moving Building
* Preparation of New Site (Including Utilities) .SIE';Le”l:; Preparation
* New Foundation Construction « Shield ?nstalfation
» Transfer of Building to New Foundation  Interior Drainage System
* Connection of Utility Systems « Utility System Modification
* Exterior Finish Work
* Interior Finish Work
* Access and Egress
Sealants

* Site Grading and Stabilization

* Landscaping

» Demolition of Old Foundation

* Grading and Stabilization of Old Site
* Route Modification Reversals

* Building Excavation and Preparation
» Sealant Appiication

* Interior Drainage System

« Utility System Modification

Figure V=10 Flowdprooling Measire Coniponent Takeof Guide
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SOURCES FOR UNIT COSTS

Once a detailed quantity takeoff has been completed, unit-
cost information can be obtained for individual items from
a variety of sources. These sources include:

* local construction industry data collected from
published indexes or solicited from several construction

companies;

« average nationwide construction cost data, available
from various publications, that contain factors for
adjusting the average nationwide costs to specific
locations and present-day values; and

+ data collected by the FEMA Mitigation Directorate for
areas of the United States that have recently
experienced major flood damage. These unit costs may
have to be adjusted to a specific geographical area by
multiplying the FEMA unit cost by a factor of the
Bureau of Labor Wholesale Price Index (or other
published cost index) for the subject community and the
community for which FEMA has data.

FEMA has observed post-disaster inflation due to material
and labor shortages that has significantly impacted the costs
of restoring flood-damaged houses. For example, the cost
of materials and labor was 10% higher after the 1993
Midwest flooding than before the storm. In an extreme
case (catastrophic disaster) such as Dade County, Florida,
after Hurricane Andrew, the increase was 25%.

Unit costs are adjusted for local conditions with the
following computation:
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| resp |

m LClncul = LCI-'F.M.\ (W Pllnrul“‘ P[FE?\T.-\) “PD)

where: UC,__, is the unit cost of a specific
retrofitting measure compo-
nent at the location in
question;
UC 0 is the FEMA unit cost for a
specific retrofitting measure
at a specific location;
is the wholesale price index
or other published cost
index for the locality at
which FEMA has unit price
data;
is the wholesale price index
or other published cost
index at the locality for
which a unit cost is needed;
and
is post-disaster inflation due
to a shortage of skilled
labor and limited availability
of materials. It ranges from
100 percent to 125 perent,
but is normally 110 percent.

WPI,

FEMA

WPI

loeal

PD

Formula V-14: Adjusting Unit Costs for Local Communities

Once appropriate unit-cost information has been collected,
the Floodproofing Measure Component Takeoff Guide
(Figure V-10) and the Detailed Cost Estimating Worksheet
(Figure V-11) can be used to develop the detailed cost esti-
mate. It 1s important to include the contractor’s profit and a
contingency item to cover unexpected costs.

At the completion of this chapter, the designer has deter-
mined flood and non-flood-related hazards; developed and
evaluated retrofitting alternatives; and, in concert with the
homeowner, selected a retrofitting measure that addresses
the flooding problem. The next step, covered in Chapter VI,

is to develop a detailed design of the selected retrofitting
measure and produce construction documents.
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Owner Name: Prepared By:
Address: Date:
Propenty Location:

Floodproofing Measure: (Describe Project Specifics)

Estimating Item Quantity Unit Unit Cost Item Cost

Subtotal

Design Fee

Contractor's Profit

Subtotal

Contingency

Total

Figure V-11: Detailed Cost Estimating Worksheet
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DRY FLOODPROOFING

Dry floodproofing measures can be described as a combination of adjustments and/or addi-
tions of features to buildings that eliminate or reduce the potential for flood damage by keep-
ing floodwaters out of the structure. Examples of these adjustments and additions include:

* installation of watertight shields for doors and windows;

» reinforcement of walls to withstand floodwater pressures and impact forces generated by
tloating debris;

 use of membranes and other sealants to reduce seepage of floodwater through walls and
wall penetrations;

+ installation of drainage collection systems and sump pumps to control interior water
levels, collect seepage, and reduce hydrostatic pressures on the slab and walls;

+ installation of check valves to prevent the entrance of floodwater or sewage flows
through utilities; and

+ anchoring of the building to resist flotation, collapse, and lateral movement.

Buildings that are dry floodproofed may be subject to exten-
sive hydrostatic and other forces against the foundation and
other exterior walls and surfaces. As was illustrated in
Chapter IV, hydrostatic and soil pressures increase with the
Dry floodproofing is not allowed depth of flooding. For that reason, foundation walls have

by FEMA for new or substantially e .

improved or damaged residential severe limitations with regard to the use of dry floodproofing
structures located in the flood- measures. A critical design consideration is the comparison
plain. of the ability of the existing foundation walls to withstand
the expected flood-related and non-flood-related forces with

and without additional strengthening measures.
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Dry Floodproofing

In this section (see Figure VI-D1) the process of selection
and design of sealants, shields, drainage collection systems,
sump pumps. and backflow valves and the provision of
emergency power to operate necessary drainage systems
are discussed. It is important that the designer understand
that dry floodproofing measures are typically needed as
part of most retrofitting measures. Each link in the retrofit-
ting system must be designed to work in concert with the
others to provide the level of protection desired.

Field Investigation

v

Selection and Design

T
Confirm Ability of Structure to Accommcdate
Dry Floodprooting Measure

v

Select and Design Sealants and Shields

v

Select and Design Drainage Collection Systems

-

¥

Select and Design Sump Pumps

I
i
h 4

Select and Design Backflow Valves

v

Provide for Emergency Power for Drainage System Operation

T

Prepare Emergency Operation Plan

v

Prepare Operation & Maintenance Plan

!

Construction of Dry
Flocdproofing Measures

Figure VI-D1: Process of Selecrion and Design for Dry Floodprooting
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Emergency Operations Plan

One critical aspect of a successful design of a dry

v\ tloodproofing measure is the development of Emergency
~ Operation and Inspection and Maintenance Plans. Some of
the important elements of these plans are presented below.

For additional information on dry
floodproofing, refer to FEMA
Technical Bulletin 3-93, Non-
Residential Floodproofing—
Requirements and Certification for
Buildings Located in Special
Flood Hazard Areas in Accor-
dance with the National Flood
Insurance Program.

EMERGENCY OPERATIONS PLAN

A plan for notifying homeowners (community flood warning
system) of the need to install dry floodprooting components
and the chain of command/resources (human intervention) to
carry out the installation of dry floodproofing measures are
two critical aspects of an effective emergency operations
plan. In addition, a suitable evacuation plan and periodic
training in the installation of dry floodproofing measures are
important elements in ensuring their effectiveness.
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Dry Floodproofing

INSPECTION AND MAINTENANCE PLAN

Every dry floodproofing system requires some degree of
periodic maintenance and inspection to ensure that all
components will operate properly under flood conditions.
Components that should be inspected as part of an annual
maintenance and inspection program include:

+ All mechanical equipment such as sump pumps and
generators;

+ Flood shields, to ensure that they fit properly and that
the gaskets and seals are in good working order, prop-
erly labeled, and stored where accessible; and

+ Sealed walls and wall penetrations, for cracks and
potential leaks.
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SEALANTS AND SHIELDS

b o

Floodwalls and floodwall closures
are discussed in Section F of this
chapter.

Sealants and shields are methods that can be used to protect
a structure from low-level flooding. Mini-floodwalls (low
level) can be used as an alternative to shields for protection
of windows, window wells, or basement doors. These
systems are easily installed and can be inexpensive in
relation to other measures such as elevation or relocation.
However, by sealing (closing) a structure against flood
inundation, the owner must realize that, in most cases, the
typical building will not be capable of resisting the loads
generated by more than a few feet of water. There will be a
point beyond which the sealants and shields may do more
harm than good and the owner must allow the building to
flood to prevent structural failure from unequalized forces.

The U.S. Army Corps of Engineers, National Flood Proofing
Committee, has investigated the effect of various depths of
water on brick veneer-over-wood and masonry walls. The
results of their work show that, as a general rule, no more
than three feet of water should be allowed on a brick veneer
wall or on a non-reinforced concrete block wall that has not
previously been designed and constructed to withstand
flood loads. While no definitive research on floodproofing
wood-frame walls without brick veneer facing has been
undertaken, it is generally accepted that wood-frame houses
will fail at a lower water depth than a masonry or brick
veneer home. Therefore, application of sealants and shields
should involve a determination of the structural soundness
of a building and its corresponding ability to resist flood
and flood-related loads.

Sealants include compounds that are applied directly to the
surface of the structure to seal exterior walls and floors, or
a wrap that i1s anchored to the exterior wall or foundation at
or below the ground and attached to the wall above grade
during flooding. The owner may wish to add to the struc-
tural strength of the existing building to aid in resisting

flood-induced loads (for example adding a brick veneer).
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Dry Floodproofing

Any dry floodproofing system can be expected to allow
some water infiltration, and the owner should have a
dewatering system capable of removing the water. Due to
this infiltration through exterior walls and floors and
percolation of the water around ground anchored wraps,
these systems are not recommended for situations where
floodwater is in contact with the building for more than 12-
24 hours. Underlying soils often dictate the allowable
period of inundation before water starts to percolate
through the sealant system.

Tl T e
Existing Brick Veneer \: -//S eathing
===
/

Brick Rowlock
Design Flood Elevation _—?/

]

Wood Frame Wall
or CMU Block Wall

hd
=

New Brick Work r Metal Fasteners

Tie New Brick to Old Brick
Coating and Waterproofing

L~ Maximum Height = 3’

LT

Existing
Footing |__ Drill and Grout
/—" Reinforced
Connection to

Existing Footing

M 4
Add Concrete Footing

Relocated Foundation
Drain to Sump Pump with =
Backup Power Source |-

Figure VI-D2: The best way to seal an existing brick-faced wall is to add an additional layer of
brick with a seal in between. Just sealing the existing brick is also an option.
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.»— Design Flood Elevation

+
LIy

Sheathing
Attach to House

Wood Frame Wall ~<—— 6 Mil. Polyethylene Place Loosely on Wall

|~ Brick Veneer

4" PVC Perforated Pipe (Drain to Sump with
™ Maximum Height = 3 Backup Power Source)
Sand Bags

T

Loose Sand

Grade

Monolithic Slab 6"to 8"

and Footing

LA

Figure VI-D3: A wrapped house sealing system can be used to protect against low level flooding.

Shields are watertight structural systems that bridge the
openings in a structure’s exterior walls. They work in
tandem with the sealants to resist water penetration. Steel,
aluminum, and plywood are some of the materials that can
be used to fabricate shields. These features are temporary
in most cases, but may be permanent when in the form ofa
hinged plate or a mini-floodwall at a subgrade opening.
Shields transfer flood-induced forces into the adjacent struc-
ture components and, like sealants, can overstress the
structural capabilities of the building.
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Dry Floodproofing

VI-D.8

Figure VI-D4: A shield hinged at its bottom

could prevent low-level flooding trom
entering a garage or driveway
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Sealants and Shields
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Figure VI-D7: Where a window is exposed to a flood, bricking up the opening could eliminate
the hazard

The use of sealants and shields requires that the house have
a well-developed interior drain system to collect the inevi-
table leaks and scepage that will develop. This means
establishing drains around footings and slabs to direct

seepage toatentrat cottection point where it can be re-
moved by a sump pump.
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Dry Floodproofing

Additionally, a building employing sealants and shields will
usually need backflow devices and other measures designed
to eliminate flooding through utility system components.
Additional information on this topic is presented later in
this section.

¢

b ¢

Never seal a floodprone basement uniess a Lower level should only be
structural analysis indicates the structure can used for parking, storage,
withstand flood and flood-related loads. and access.
~ A B / i
Sump pump
discharge
Py DFE
Fo‘?t'ng . (inciudes
drain Footing freeboard)
drain
) T - .
ump with
Foating sjmp %ump—L‘\iu :
| | e
I =l ]
Santary sewer service hne Backflow valve

Figure VI-D8: Dry floodproofed homes should have an effective drainage system around footings

and slabs to reduce water pressure on foundation walls and basements.
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Drain System Around a House

L |
Structural Wall
//—
w DFE w
=== (includes s Discharge Line ==
> tandard Wall and 9 o
freeboard) Slab Penetrations /— Above Flood Waterproofing
Allowed (Sealed) Protection Leve! on all walls
’“\\‘ Seal \,
| 4" Perforated PVC [\
4" Non-Compacted Gravel Y| Pipe to Sump Pit
Crushed Stone Footing Drain Conventional 4" Slab ﬂ

.......

Footing

Waterproofing Sewer Backup Valve

4" Compacted Gravel,

Crushed Stone Underdrain Sump Pump with Backup Power Source

Figure VI-D9: Drain System Around a Slab-on-Grade House
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Dry Floodproofing

FIELD INVESTIGATION

In addition to, or during consideration of, the field investi-
gation information compiled on the existing building/
building systems data sheet (Figures VI-3 and VI-4), the
designer should concentrate on collecting or verifying the
following items:

+ condition of existing framing, foundation, and footing;

 determination of existing materials used in the house to
calculate dead weight;

» determination of type of soil, lateral earth pressures,
permeability, and seepage potential;

 building’s lateral stability system and adequacy of
structural load transfer connections;

» foundation wall, footing, and slab information (thick-
nesses, reinforcement, condition spans, etc.);

« number, size, and location of openings below the DFE;

« expected flood warning time;

» evidence of previous, and potential for continued,
settlement, which could cause cracking after sealant 1s
applied;

+ estimates of leakage through the exterior walls and floor;

« manufacturer’s data to determine applicability of
sealant materials in terms of above- and below-grade
applications, and duration of water resistance;

« potential anchorage to secure wrapped systems;
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Field Investigation

P o

For additional information concern-
ing the performance of various
sealant systems, refer to the U.S.
Army Corps of Engineers research
study entitled Flood Proofing Tests,
August 1988, and product evalua-
tion reports prepared by model code
groups or NES.

preliminary selection of shield material to be used
based upon the length and height of the openings and
duration of flooding; and

preliminary selection of type of shield anchorage
(hinged, slotted track, bolted, etc.), to be utilized by
considering accessibility, ease of installation, and
amount of time available for installation.

Using this information, a designer should be able to deter-
mine if a system of sealants and shields is an option. Of
course, further calculations or conditions may dictate
otherwise, or that modifications should be made to accom-
modate the system. The designer can take the information
gathered in the field and begin to develop type, size, and
location alternatives.

Sealant alternatives include:

cement- and asphalt-based coatings, epoxies and poly-
urethane-based caulks/sealants;

membrane wraps such as polyurethane sheeting; and

brick veneers over a waterproof coating on the existing
foundation.

Shield alternatives include:

a permanent low wall to protect doors and window
wells against low-level flooding;

bricking in a nonessential opening with an impermeable
membrane;

drop-in, bolted, and hinged shields that cover an open-
ing in the existing structure

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures VI-D.13
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DESIGN

Dry Floodproofing

Shield alternatives that require human intervention should
be considered only if the flooding situation provides suffi-
cient warning time to properly install the shields. The need
for both sufficient warning time and “human intervention”
is critical, since shield systems usually require personnel to
install them and make certain they are properly connected.

CONFIRM ABILITY OF STRUCTURE
TO ACCOMMODATE DRY
FLOODPROOFING MEASURES

A critical step in the development of initial type, size, and
location of the sealant and shield systems is to determine
the ability of the existing framing and foundation to resist
the expected flood- and non-flood-related forces. This
process is illustrated in Figure VI - D10: Existing Building
Structural Evaluations.

Step 1: Calculate flood and flood-related forces.

The calculation of flood and flood-related forces (hydro-
static, hydrodynamic, debris impact, soil, and buoyancy
forces) as well as determination of seepage and interior
drainage rates) was presented in Chapter IV. The designer
should account for any non-tlood-related forces (i.e., wind,
seismic, etc.) by incorporating those forces into Steps 2-6.
The determination of non-flood related forces was pre-
sented in Chapter [V.

VI-D.14
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Existing Building Structural Evaluations
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Figure VI-D10: Existing Building Structural Evaluations
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The typical fatlure mode for a
shield installation is the “kick-in"
of the bottom connection where

hydrostatic forces are the greatest.

Dry Floodproofing

Step 2: Check flotation of the wood-frame superstructure.

Residential structures that are determined to be watertight
should be checked to ensure that the entire sub- and super-
structure will not float. However, it is reasonable to as-
sume that most residential construction will fail prior to
flotation of the structure. This failure will most likely
occur through the slab-on-grade breaking (heaving/crack-
ing), a window or door failing inward, or extensive leakage
through wall penetrations. Should the designer wish to
check the failure assumption, guidance is provided in Step
5. If floodwaters come into contact with a wood floor
diaphragm (elevated floor or crawlspace home) the floor
system/building superstructure should be checked for
tlotation.

Check the sum of the vertical hydrostatic (buoyancy) forces
acting upward against the gravity forces (deadload) acting
downward on the structure. The gravity forces acting
downward should be greater than the buoyancy forces
acting upward. If this is not the case, the designer should
consider choosing another floodproofing method or design-
ing an anti-flotation system. The homeowner should make
this decision based upon technical and cost information
supplied by the designer.

Step 3: Check ability of walls to withstand expected forces.

Frames and connections for closures transfer the retained
forces into the adjacent walls. Typically a vertical strip on
each side of the opening must transfer the load up to a floor
diaphragm and down to the floor or foundation. This
“design strip,” shown in Figure VI-D11, must be capable of
sustaining loads imposed on itself and from the openings.
The designer should consider all forces acting on the design
strip, as well as the following additional considerations:

a. Check design strip based on simple span, propped

cantilever, cantilever, and other end conditions. Con-
sider the moment forces into the foundation.
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Support (Floor,
Roof, etc.)
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J%Vede:ign strip width
based on building code, b

Figure VI-D11: Typical Design Strip for Reinforced Masonry

/
/

Wall thickness, t

b. Check design strip for bending and shear based on
concrete, wood, masonry, or other wall construction.

\ ¢. Consider the path of forces from shield into the design
/v strip through the various connection alternatives includ-
ing hinges, drop-in slots, frames, and others.

Refer to ACI 530 for design of
reinforced masonry. Typically,

b_.equals the minimum of: d. The designer may want to refer to the American Insti-
L. center-to-center spacing, S tute of Steel Construction (AISC) Steel Manual, Ameri-
(inches) can Concrete Institute (ACI) documents for concrete

]

six times t_ (inches)

3 79 inches and masonry construction, National Design Specifica-

tions of Wood Construction (NDS)/ American Institute
of Timber Construction (AITC) documents for timber
construction, APA documents for plywood, and other
applicable codes and standards for more information on

the ability of these materials to withstand expected
flood and flood-related forces.
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Dry Floodproofing

Step 4: Check ability of footing to support veneer applica-
tions.

The application of veneer to the exterior of an existing wall

must be supported at the footing level. The designer should
consider all forces acting on the existing footing, as well as

the following additional considerations:

a. Supporting the masonry veneer on an existing footing
can add an eccentric load onto the footing and can
create soil pressure problems. The designer should
analyze the footing with the additional load considering
all load combinations including the flooded condition.

b. The actual pressure on the footing should not overioad
the bearing capacity of the existing soils. Consult a
geotechnical engineer, if necessary.

¢. The designer may want to refer to the ACI Manual for
Concrete Construction, various soils manuals/textbooks
for detailed footing design, and applicable codes and
standards.

Step 5: Check slab and connections against uplift forces.

As floodwaters rise around a structure, a vertical hydro-
static (buoyancy) torce builds up beneath floor slabs. For
floating siabs, this buoyancy force is resisted by the struc-
ture dead load and saturated soil above the footing; for
keyed-in slabs, this buoyancy force is resisted by the
structure dead load, and the tlexural strength of the slab.
These slabs must be capable of spanning from support to
support with the load being applied beneath the slab (see
Figure VI-D12). The designer should consider all forces
acting on the existing slab and connections, as well as the
following additional considerations:
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Figure VI-D12: Typical Slab Uplitt Failure

a. Verity the existing slab conditions including thickness,
reinforcement, joint locations, existence of continuous
slab beneath interior walls, existence of ductwork in
slab, and edge conditions. If reinforcement and thick-
ness are not easily determinable, make an assumption
(conservative) based on consultation with the local
building ofticial or contractors.

b. Confirm the slab design by checking reinforcement for
bending and edge connection for shear load.
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Dry Floodproofing

Step 6: Check stability of top of foundation wall connec-
tions.

Foundation walls may retain water in some situations.
These walls must transfer the additional hydrostatic load
down to the footing or slab and up to the floor diaphragm.
The designer should consider all forces acting on the top of
the existing foundation wall connections, as well as the
following additional considerations:

a. Verify existing wall conditions including construction
material, reinforcement, design conditions (simple span,
propped cantilever, cantilever, and other end condi-
tions), and connections.

b. Connections between the wall and floor are of major
importance in consideration of the wall stability. The
designer should check the following:

1. masonry/concrete for shear from bolt;
2. anchor bolt for shear;
3. sill for bending from bolt loads; and

4. transfer of load from sill into joists into plywood
diaphragm.

5. loads have a pathway out of the structure. Addi-
tional bracing and/or connectors may be required to
support a load pathway out of the structure.
Analyze framing and be cognizant that all sides
may be loaded.

c. The designer may want to refer to the ACI Manual for
Concrete Construction, NDS/AITC for timber construc-

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,m W,ﬁrmbﬁﬁ:mmfafﬁmdm,”.A“.ﬂ.

connectors, and applicable codes and standards.
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Step 7: Design foundation supplementation system, as
required.

If the checks in Steps 2-6 determined that any structural
members were unable to withstand expected flood and flood-
related loads (wind, seismic, and other forces can be evaluated
as presented in Chapter [V), the designer can either select
another retrofitting measure or design foundation supplemen-
tation measures. These foundation supplementation measures
could range from increasing the size of the footing to adding
shoring to the foundation walls, or simply modifying the type,
size, number and location of connections. The homeowner
should make this decision based upon technical and cost
information supplied by the designer.

Footing Reinforcing: in some cases, the footings for walls
must be modified to accommodate expected increased
loadings. The following considerations should be taken
into account during the design of this modification:

a. The wall footing must be checked for the increased
soil pressure and sliding. Moment and vertical loads
from the wall above should be added.

b. The footing may need more width and reinforcement to
distribute these forces to the soil.

¢. For some extreme cases (poor soils, high flood depths,
flood-related wind and/or earthquake loads), a
geotechnical engineer may be required to accurately
determine specific soil loads and response.

d. The designer should consider multiple loading situa-
tions taking into account building dead and live loads
that are transferred into the footing, utilizing whatever
load combinations are necessary to design the footing
safely and meet local building code requirements.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, €mm§%maﬁm€mcv.ﬂw~~#—m—

house load 1s transferred into the foundation.
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Dry floodproofing measures are
only as good as their weakest link
(i.e., the connection to the existing
structure). The designer should
ensure that all appropriate details
for making the connection
watertight as well as allowing for

the transfer of loads are developed.

Dry Floodproofing

e. The designer may want to refer to the ACI Manual for
Footing Design, recent texts for wall and footing
design, and applicable codes and standards.

Step 8: Repeat process in Steps 1-7 incorporating exterior
wall foundation supplementation system.

Once the designer has determined that the existing framing
and foundation are suitable for the application of sealants or
shields, or that reinforcement can be added to make the
existing framing and foundation suitable for the application
of sealants or closures, the selection/design of a specific
system can begin.
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SELECTION AND DESIGN OF SEALANT SYSTEMS

P o

Actual test results of sealant
product performance, if available,
should be used to supplement the
manufacturer’s literature. Sources
of test results include model
building code product evaluation
reports, a USACE publication
entitled Flood Proofing Tests,
August 1988, and local building
code officials.

Once the determination is made that a foundation system
can withstand the expected flood and flood-related forces,
the selection of a sealant system is relatively straightforward
and centers on the ability of the manufacturer’s product to
be compatible with the length and depth of flooding ex-
pected and the type of construction materials used in the
structure.

COATINGS

The selection of a coating follows the flow chart presented
in Figure VI-D13, Selection of Sealants/Coatings. If addi-
tional structural reinforcing is required, it should be per-
formed in accordance with the guidance presented in the
preceding section entitled “Confirm Ability of Structure to
Accommodate Dry Floodproofing Measures.”
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Dry Floodproofing

Selection of Sealants/Coatings

> Check Manufacturer’s Literature vs.
Duration and Depth of Floodin

A i

4—| Choose Another Product I Not OK Not OK Select Another Measure I

| oK

A Check Manufacturer's Literature for Applicability
with Existing Construction Materials

{

4-| Choose Another Product I< Not OK /\ Not OK Select Ancther Measure I

ok
v

4 | Check Installation Instructions for Applicability I
4—| Choose Another Product I Not OK Not OK Select Another Measure I
h 4

l Design Interior Drainage Collection System I

Figure VI-D13: Selection of Sealants/Coatings

WRAPPED SYSTEMS

The selection and design of a wrapped system follows
Figure VI-D14, Selection and Design of a Wrapped Sealant
System. If additional structural reinforcing is required, it
should be performed in accordance with the guidance
presented in the preceding section.
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Selection and Design of Wrapped Sealant System
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Figure VI-D14: Selection and Design of Wrapped Sealant Systems
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For additional information
concerning the performance of
various sealant systems, refer to
the U.S. Army Corps of Engineers
research study entitled Flood
Proofing Tests, August 1988, and
product evaluation reports
prepared by model code groups.

Dry Floodproofing

Step 1: Select type and grade of material.

Step 2: Check manufacturer’s literature against duration
and depth of flooding.

If flooding application is satisfactory, proceed with design;
if not satisfactory, select another product or another
method.

Step 3: Check manufacturer’s literature for applicability
to building materials. Rely on actual test results, if
available.

If building materials application is satisfactory, proceed
with design; if not satisfactory, select another product or
another method. Manufacturer performance claims can be
misleading. The designer should utilize actual test results
rather than rely entirely on a manufacturer’s performance

claim.

Step 4: Check installation instructions for applicability.

If installation procedure is satisfactory, proceed with
design; if not satisfactory, select another product or another
method.

Step S: Design connection to top of wall.

Adding a wrap system onto an existing structure will
require secure connections at both the top and bottom of the
wrap. It is difficult to determine the actual loads imposed
vertically on the wrap as this can vary based upon the
quality of the installation. Voids left from poor construc-
tion may force the wrap to carry the weight of the water and
should be avoided. See Figure VI-D15. The following
considerations should be followed during selection and
design of a top-of-wall connection system:

VI-D.26 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001



Selection and Design of Sealant Systems

Plan View of Wall Section

Deflection of Wrap

Figure VI-D15: Plan View of Wall Section

a. Use a clamping system that uniformly supports the
wrap. A small spacing on the connections and a mem-
ber with some rigidity on the outside of the wrap can
provide this needed support.

b. The existing wall construction is an important con-
sideration for these connections and can vary widely.
Part of the connection may need to be a permanent
part of the wall.

/v c. The designer may want to refer to the product litera-
ture for wrap material, NDS/AITC for connections
See Figure VI-D3 for details on into wood, and applicable codes and standards.

wrapped system configuration.

Step 6: Design foundation reinforcing.

Refer to Chapter VI - Dry Floodproofing Section entitled
“Confirm Ability of Structure to Accommodate Dry Flood-

proofing Measures.”
Step 7: Design drainage collection system.

Refer to Chapter VI - Dry Floodproofing Section entitled
“Drainage Collection Systems.”
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Wrap systems may be affected by
freeze-thaw cycles. Careful
installation in accordance with
manufacturer instructions and
evaluation of performance in
frozen climates is advisable.

5 o

See Figure VI-D2 for details on

brick veneer system configuration.

Dry Floodproofing

Step 8: Specify connection of wrapping to existing struc-
ture and existing grade.

Anchoring a wrap into the grade at the base of a wall will
be the most important link in the wrap system. The fol-
lowing considerations should be followed during selection
and design of a wrap to existing grade connection system:

a. A drain line between the wrap and the house is
required to remove any water that leaks through the
wrap or that seeps through the soil beneath the
anchor.

b. As with the top-of-wall connection, wrap forces are
difficult to determine. It is best to follow details that
have worked in the past and are compatible to the
specific structure.

c. Itis recommended that the end of the wrap be buried at
least below the layer of topsoil. Additional ballast may
be needed (sandbags, stone, etc.,) to prevent wrap
movement in a saturated and/or frozen soil condition.

d. The designer may want to refer to the product literature for
wrap material and applicable codes and standards.

BRICK VENEER SYSTEMS

The selection and design of a brick veneer sealant system
tollows Figure VI-D16, Selection/Design of a Brick Veneer
Sealant System, and has many components that are similar
to the design of other sealant systems. A typical brick
veneer sealant system is shown in Figure VI-D2. If addi-
tional structural reinforcing is required, it should be per-
formed in accordance with the guidance presented in the
preceding section.
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Selection and Design of Brick Veneer Sealant System
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Figure VI-D16: Selection/Design of a Brick Veneer Sealant System
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Dry Floodproofing

Step 1: Check the capacity ot the existing footing.

Calculate the weight of the structure and proposed brick
veneer system on a square foot basis and compare it to the
allowable bearing capacity for the specific site soils. If the
bearing pressure from gravity loads is less than the allow-
able bearing pressure, the existing footing can withstand
the increased loading. If the bearing pressure from gravity
loads is greater than the allowable soil bearing pressure, the
existing footing is unable to withstand the increased load-
ing and the footing must be modified, or the designer
should select another floodproofing measure.

Step 1A: Supplement the footing, as required.

If it is found that the existing footing cannot support the
loads expected from a veneer system or that the configura-
tion of the footing is unacceptable, the footing can be
widened to accommodate this load. This can be a costly
and detailed modification. The homeowner should be
informed of the complexity and cost of such a measure.
The following considerations should be followed during
design of a footing supplement:

a. If additional width is added to the footing, the designer
must analyze how the footing will work as a unit.
Reinforcing must be attached to both the old and new
footing. This will probably involve drilling and epoxy
grouting reinforcement into the existing footing. The
quality and condition of the existing concrete and
reinforcement should be considered in the design.

b. Exercise care when making excavations beside existing
footings. Take care not to undermine the footings.
which could create major structural problems or failure.

c. Design the footing for the eccentric load from the brick

weight, " Add any tood-retated toads and consideratt—
possible load combinations.
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d. For extreme soil conditions, consult a geotechnical
engineer to determine soil type and potential response.

e. The designer may want to refer to the ACI Manual for
Concrete Design, a soils manual/textbook for detailed
footing design, and to applicable codes and standards.

Step 1B: Design foundation reinforcing (as required).

Concrete footings can come in a wide variety of configura-
tions. Design of footings, especially those involved with
retaining of materials, can become quite complex. There
are many books that deal with the design of special founda-
tions, and once the stresses are determined the ACI can
provide guidelines for concrete reinforcement design.

Steps 2-9 are similar to the design of wrapped sealant
systems. Refer to the previous section for details on these

steps.
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Dry Floodproofing

SELECTION AND DESIGN OF SHIELD SYSTEMS

b o

Industry has developed manufac-
tured closure systems that may be
applicable to specific situations.
For additional information on the
companies that manufacture these
products, contact your local
floodplain management or
engineering office.

Once the determination is made that a foundation system
can withstand the expected flood and flood-related forces,
the selection of a shield system is relatively straightforward
and centers on the ability of the selected material to struc-
turally secure the opening, be compatible with the existing
construction materials, and be responsive to the duration
and depth of flooding expected.

PLATE SHIELDS

The selection and design of a plate shield follows Figure
VI-D17, Selection/Design of Plate Shields. If additional
existing structural reinforcing is required, it should be
performed in accordance with the guidance presented in the
preceding section.

Step 1: Select the plate shicld material.

Plate shield material selection may be driven by the size of
the opening or the duration of flooding. For example,
plywood shields would not hold up during long-term
flooding.

a. Consider flood duration and select steel or aluminum
materials for long duration flooding and consider
marine grade plywood materials for short duration

flooding.

b. Consider opening size and select steel and aluminum
materials with stiffeners for larger openings and shored
plywood with appropriate bracing for small openings.

c¢. [Installation of all shields should be quick and casy.
Lighter materials such as plywood and aluminum are

4 PR S0 Y o 1 + tallass
THTOSUSUTTGUTC TUL TTUTTIVUWIHC T HIstd it atiull,
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Selection/Design of Plate Shields
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Flood-Related Loads
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Figure VI-D17: Selection/Design of Plate Shields

Step 2: Determine panel stresses.

‘ The designer should check the shield panel either as a plate
or a horizontal/vertical span across the opening.

The use of plywood shields in

long-term exposure situations

may induce possible swelling and a. Using end conditions and attachments to determine how

deterioration of the laminating the panel will work, calculate stresses based on bending
glue.
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Dry Floodproofing

of the plate. In larger plate applications, also compute
the end shear.

b. Compare these stresses to the allowable stresses from
the appropriate source.

c. Some shields may have a free end at the top or other
unusual configuration. These will need to be addressed
on a case-by-case basis.

d. Adjust the plate thickness to select the most economical
section. If the plate does not work for larger thick-
nesses, add stiffeners.

e. The designer may want to refer to the AISC manual
for steel plate design, an aluminum design manual,
APA for plywood design, and applicable codes and
standards.

Step 3: Check deflections.

A plate shield that is acceptable for stresses may not be
acceptable for deflection.

a. Calculate deflections for the panel and evaluate on the
basis of connections and sealants.

b. If the deflection is unacceptable, add stiffeners.

c. Deflection may be controlled by alternative plate
materials.

d. The designer may want to refer to the AISC manual
for steel plate design, an aluminum design manual,
APA for plywood design, and applicable codes and
standards.
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Step 3B: Stiffen as required.

Plate overstress or deflection may be solved through the
use of stiffeners.

a. Select the section to be used as a stiffener. Angles may
be used for steel or aluminum and wood stock for
plywood.

b. Calculate the stresses and deflection based on the
composite section of stiffener and plate.

c. Calculate the horizontal shear between the two sections
and design the connections to carry this load.

d. Keep plate connections and frame in mind when detail-
ing stiffeners.

e. The designer may want to refer to the AISC manual for
steel plate design, an aluminum design manual, APA
for plywood design, Mechanics of Materials tests, and
applicable codes and standards.

Step 4:  Design the connections.

Plate connections must be easy to install and able to handle
the loads from the plate into the frame and surrounding wall.

a. Determine the type of connection (hinged, free top,
bolted, latching dogs, or other).

b. Consider ease of installation and aesthetics.

c. Connection must operate in conjunction with gasket or
sealant to prevent leakage.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, d_w,,eﬁnmmbcmpabhvfmgwmmegm_“““",.,,,,,,

the direction opposite of surges.
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e. The designer may want to refer to the AISC manual for
bolted connections, ACI manual for connections into
concrete and masonry, and applicable codes and stan-
dards.

Step 5: Select the gasket or waterproofing.

Gaskets or waterproofing materials, which form the inter-
face between shields and the existing structure, are vital
elements of the dry floodproofing system. They should be
flexible, durable, and applicable to the specific situation.

a. Determine the type of gasket or waterproofing required.

b. Consider ease of installation and ability to work with
plate/connections as a single unit.

c. Gasket/waterproofing must be able to withstand
expected forces.

d. Gasket/waterproofing must be able to function during
climatic extremes.

¢. The designer should refer to manufacturer’s literature
and check against duration/depth of flooding and
applicability to selected building materials.

Step 6: Check adjacent walls, lintels, sills, and top/bottom
connections.

Structural components adjacent to the shield panel, such as
adjacent walls, lintels, sills, and top/bottom connections,
should be checked against maximum loading conditions.
Different methods of attachment may load the adjacent wall
differently.
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Walls adjacent to the shield should be anchored into the
footing to resist base shear. Lintels/sills should be checked
for biaxial bending resulting from lateral loading. Top
connections should be evaluated for shear resistance and
ability to transfer loads to the joists.

The following design example illustrates the process of
selection and design of a window opening shield.
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Sample Calculation for Shield Design

GIVEN:

Shield in 12-inch Concrete Masonry Unit wall subject to hydrostatic (freestanding water)
flood loading only.

i T T I (

IiiIJ!

I N I

T
J | \\xf/
SN

//

,‘ ‘ )

A T N
_

4" SQ. ¢

This example will check only the surrounding wall, design lintel, shield frame, and shield
panel. See previous guidelines under the elevation sample calculation for remainder of
house. Previous investigation has determined that flotation will not occur for the water

depths shown.

Step 1:  For an opening of this size, it is unlikely that plywood would work without stiffen-
ing (due to its potential for deflection). Theretore, try using a flat plate of steel.

hydrostatic forces

—\%—— — — ¢ Pressure due to

L 1 of 11 )
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e R
Sample Calculation for Shield Design
Calculations:
Determine water pressure across panel
Unit weight of water = 62.4 lbs/ft’
Options:
N
w - 337 62,4 tosrets 822 1bsfesTe
2 \
“ \
- \
) Pub =
(1,33 + 3,331 62.4 = 291 2 1b/fe/ft
Note: Design guidance for this example was taken from Roark’s Formulas for
Stress and Strain, 6th Edition, Warren C. Young. Use of this reference is not
an endorsement. The book is a standard reference (among others) for struc-
tural engineers.
Panel can be designed as a plate to distribute the load about the perimeter of the opening.
Panel can be designed to span horizontally or vertically (may require stiffeners).
Whichever option is chosen, the frame and anchors must be capable of transferring the
load into the wall and/or lintel. The wall must be capable of transferring the load into the
slab or diaphragms.
Y 2 of 11
VI-D.39
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4 N
Sample Calculation for Shield Design
Step 2:  For this example, design the plate assuming supported on all sides with A36 steel.
Reference:  Roark's Formulas for Stress & Strain, 6thedition, Warren C. Young
Assume simple (hinged) connections for panel.
For the calculations it is convenient to divide the loading into two load cases:
the uniform load of 83.2 lbs/ft* and
the uniformly increasing load of 291.2 - 83.2 = 208 lbs/ft.
Per Roark, Case 1a, (page 458), Uniform_Load in the following calculations,
o tabulated coetficient
B = tabulated coefficient
v = tabulated coefficient
a = plate dimension horizontal
b = plate dimension vertical
q = maximum pressure on plate
t = plate thickness
E = modulus of elasticity for plate
a = b = 40" thus,
ab=1.0-.8 =0.2874, o = 0.0444, v = 0.420. The maximum stress at the center of
the plate is given by,
for this example,
Bab”
Ou =~ 5
2
ow = {0.2874 (83.2 Ib/ft/144)(40 in)* }/( 3/8 in)* = 1889 lbs/ft
9 3of 11
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Sample Calculation for Shield Design

the maximum deflection is given by,

(e’

y
Et3

for this example,
y, = {-0.0444(83.2/144)(40)*}/{29x10°%( 3/8 in)’} = -0.04 in.

the maximum reaction (at center of sides) is given by,
Ru = ybq

Per Roark, Case 1d, (page 459), Uniform Increasing Load,
a="b=40" thus,
ab=10 ..p=0.16,a=0.022

for this example,
o,= {0.16 (208 Ib/ft*/144)(40 in)* }/(3/8 in)? = 2630 psi
y; = {-0.022(208/144)(40)*}/{29x10°(3/8 in)> = -0.05 in.

Assume that these stresses and deflections occur at the same locations and are therefore
additive (conservative), therefore,

e = 188942630 =4519 psi

Reference:  AISC 9% Edition Section F2.1

Allowable bending stress in plate,
F = 0.75F,

b
where:
F = allowable bending stress

b
yield stress of steel

it

F

Y

for this example,
F, =0.75(36,000) = 27,000 psi >>>4519 psi O.K.

4 of 11 )
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( ™
Sample Calculation for Shield Design
Step 3: maximum deflection,
You T 0.04+0.05 =0.09in.
maximum allowable deflection is recommended to be,
yallow = /240
where:
L = span of member under consideration
for this example,
Viiew = 40in/240=0.17in. >0.09 in. O.K.
Note: If deflection is a problem, stiffeners can be added to the plate.
Step 4:  Check Connection to Wall
The reaction from the uniform load can be determined from the previous equations.
Ru = ybq = 0.42(40 in)(83.2/144) = 9.7 Ib/in
To determine the reactions from the sloped loading, assume the plate spans from the
top to bottom.
“ ‘ N 08 pef
e T
\_ 5 of 11 Y,
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Sample Calculation for Shield Design

Maximum Conservative Reaction is,
[(9.7)(12)] + 231 = 347 Ibs

Check Anchor & Masonry
¥2” ¢ A307 Anchor Bolt
Allowable Shear per AISC 9th Edition, (Connection Section)
12 ™o
—(—ZL (10,000) = 1963 Ibs > 346 1bs O.K
Check horizontal shear in masonry. Locate bolt in middle of 12" CMU.

Reference:  ACI 530 Section 5.14.2.2

Area of bolt,
A

b

0.2 in?

l

edge distance,
|

be

i

12/2 - 14/2=5.75" < 12d, = 6"

embedment,
l

b

il

6" (chosen)

allowable load in shear,

NI
Bo= (3507 (F, - 4,00.12(4,)(£,)
where:
A, Area of Anchor bolt
t = Compressive Strength of Masonry
f, Yield Strength of Anchor Bolt

i

il

N
O
-
-
—
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Sample Calculation for Shield Design

for this anchor bolt pattern,

B, = min (350( (1500)( 0.2))"),((0.12) (0.2) (20ksi))
1450,480

480 lbs > 347 lbs

§ BOLT

/—%‘ PLATE CLOSURE

ANGLE 2% x2"xl/4* —\ CONTINUDUS GASKET
347 1b. %' @ BOLTS AT 8 0.C.

GROUT

& I~ % @ ANCHOR BOLT
A £MBED B* INTO GROUT

S‘%&(‘% \———PROVIDE NUT WITH WASHER
A THIS END FOR ANCHORAGE
NOTE:

DETAIL 15 SIMILAR AT JAMBS AND HEAD. PROVIDE
6° EMBEOMENT TYPICAL,

CLOSURE PANEL CONNECTION DETAIL
N, T. S,

Check Walls Adjacent to Opening for Additional Loads

8 x 62,4 = 374, 4 pef, x 1,13; = 824 jbifet

e

Check a 1'-0" wide strip of masonry.

Determine the maximum moment and shear (as simple span),
at 5'-0" from top, M__ = 1872 b ft
at bottom, V_ = 1404 Ibs

L 7 of 11 )
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4 N
Sample Calculation for Shield Design
Note: for Seismic Zone 2, masonry cores on each side of opening are to be rein-
forced. :
Check Masonry
Reference:  ACI 530, Working Stress Design
Assume:
d = 6" (middle)
b = 12" (1% cores)
E, = 29x10° psi
£ = 1500 psi
E_ = 1.6x10° psi Table 5.5.1.3 of ACI 530
n E/E =18 (modular ratio)
F, = 1/3(1500 psi) = 500 psi (allowable compressive stress)
F =24,000 psi (allowable tensile stress)
Try using 1-#5 rebar each side of opening, A = 0.31 in’, full height,
p = steel ratio = A /bd = 0.31/((6)(12)) = 0.0043
f = M/A jd
where: ‘
M = applied moment
A = area of steel
] = ratio of distance between centroid of flexural
compressive forces and tensile forces = 1-(K/3)
K = -pn+(2pn+(pnp)»
n = modular ratio
p = steel ratio
L 8 of 11 )
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4 ™
Sample Calculation for Shield Design
K = -0.0043(18)+(2(0.0043)(18)+[(18)(0.0043)]%)'"
= 0.3238
] = 1-0.3238/3=0.8921
f = [(1872 1b ft)(12 in/ft)]/[(0.31)(0.8921)(6)]
= 13,540 psi < 24,000 psi O.K.
for this example,
f = M/(1/2bjkd)
where:
M = applied moment
b = width of section
] = ratio of distance between centroid
of flexural compressive forces and tensile forces
= 1-(K/3)
K = -pn+(2pn + (pn)H)**
d = distance to centroid of tensile stresses from the
maxim um compressive stress
n = modular ratio
p = steel ratio
f = [(18721b ft)(12 in/ft)]/
[12(12)(0.8921)(0.3238)(6)]
= 360 ps1 <500 psi O.K.
Walls adjacent to closure should have 1-#5 (middle) full height with matching dowel into
footing, as a minimum.
9 9 of 11 )
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\
Sample Calcuiation for Shield Design
Check Shear in Masonry at Base
V. . = 1404 1b
Calculate shear stress,
fv = V/(bjd)
where:
v = shear at point under construction
b = width of section
] = ratio of distance between centroid
of flexural compressive forces and tensile forces
= 1-(K/3)
K= -pn+Cpn+(pn))~
d = distance to centroid of tensile stresses from the
maximum compressive stress
n = modular ratio
P = steel ratio
for this example,
£ = 1404 /[(12)(0.8921)(6)] = 21.9 psi
allowable shear stress, per ACI 530
F = (P )=(1500)"=38.7psi>21.0 psi O.K.
L 10 of 11 )
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Sample Calculation for Shield Design

Additional Considerations

« If water level rises above the top of the opening, the closure may laterally load the
lintel. In this case the lintel should be checked for biaxial bending.

+ Provide any additional code-required reinforcement around openings for the specific
seismic zone.

+ Different methods of attachment may load the adjacent wall differently.

+ Confirm that gasket is suitable for depth/duration of flooding and selected construc-
tion materials.

11 of 11 )
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Construction Considerations

CONSTRUCTION CONSIDERATIONS FOR SEALANTS

AND SHIELDS

The use of sealants and shields may require careful atten-
tion to critical installation activities. When using shields
and sealants, it 1s vital that

+ the sealant be applied in accordance with the
manufacturer’s instructions;

* wrapped systems are anchored properly and the sur-
rounding soil recompacted;

* shields are tightly installed with associated caulking or
gaskets, utilizing the proper grade of materials and
paying close attention to the anchoring details; and

« multiple closures are accurately labeled and stored in an
easily accessible space.
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DRAINAGE COLLECTION SYSTEMS

The development of drainage collection systems is a critical
component in the design of many dry floodprooting mea-
sures and may be utilized in concert with clevation, flood-
wall, and levee measures. These systems collect drainage
and seepage from areas along, adjacent to, or inside the
retrofitting measure and the sump pump installation, which
transmits the collected drainage and seepage away from the
building’s foundation. Determination of the amount of
surface water inflow and infiltration was presented in
Chapter IV. This section presents the parameters that
govern the design of these systems.

Typical homes with basements are constructed on concrete
tfootings upon which concrete or cinder block foundation
walls are constructed. In some instances, the foundation
walls are parged and covered with a waterproof coating, and/
or perforated pipe underdrains are installed to carry water
away from the exterior foundation walls (see Figure VI-
D18: Typical Residential Masonry Block Wall Construc-
tion). Then the excavations are backfilled and compacted.

Cement Mortar Parging with Asphait .
Base Waterproofing Below Grade 1 —— Concrete or Cinder Block

Perforated Pipe Footing Drainﬁ_‘

slope Away From 1

Gravel

First Floor

N

{ ’lﬁ Framing

-

i !

Hﬁ Basement Area
!

ouse

i d Cove Area
!r Concrete Basement Slab
{may be reinforced with wire mesh)

Gravel Base {(sometimes)

Vi-D.50
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Drainage Collection Systems

b o

Check building codes to see if any
maximum height of unbalanced
fill requirements apply for the
given construction.

However, in practice, this
cannot be compacted to a

fill material is not and often
density equal to that of the undis-

turbed soils around the house. Because of the density
difference, the fill material is capable of conducting and
holding more water than the soil around it and frequently
provides a storage area for the soil water. As flood levels
rise around the structure, the combined water and soil
pressure in the areas adjacent to the foundation increases to
the point of cracking foundation walls and/or entering the
basement through existing cracks to relieve the pressure.
(See Figure VI-D19: Common Faults Contributing to

Seepage into Basements.)

Parging Cracked, Does Not

or Parging Nonexistent

Area Excavated and Backfilled

Settlement of Backfill Creating
Water Collecting Depression
(may occur even with good compaction)

Extend To and Wrap Footing, —-c—*\

During House Construction \\‘\

Drain at or above Basement
Floor Elevation, or Nonexistent

First Floor

Framing

Slo
Pes Towary House ’

(

\
\

A

_}

\
\ —

N L { /

.

Surface and Subsurface
Water Collects in Less
Compact Fill

l,— Crack in Wall

Hollow Core Block
May Fill With Water Basement

Joint

Basement Area

Floor Siab
;7 Floor Drain—

| ST 3

N

el

Joints and Floor Openings

!?7?1/”\3

Hydrostatic Pressure Forces
Water through Wall, Floor

(Floor Drain)

Figure VI-D19: Common Faults Contributing to Seepage into Basements

Depending upon site-spec

ific soil conditions, high water

tables, and local drainage characteristics, slab-on-grade
homes may experience similar seepage problems. In addi-
tion, elevating and/or dry ﬂoodprooﬁng a slab-on-grade

home may also necess

collection systems to counteract buoyancy and lateral

hvdrostatic forees.
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Drainage collection systems consisting of perforated pipe
drains are designed to collect this water and discharge it
away from the structure, thereby relieving the pressure
buildup against the foundation walls. Several types of
drainage collection systems exist including french drains,
exterior underdrains, and interior drains.

FRENCH DRAINS

French drains are used to help dewater saturated soil adja-
cent to a foundation. They are simply trenches filled with

‘ gravel, filter fabric, and sometimes plastic pipe. A typical
French drains are generally not french drain section is shown i_n Figure YI-DQO. The.
suitable for areas subject o effecﬂyeness of french drains is closely tied to the existence
frequent inundation due to the of a suitable discharge point and the slope/depth of the

lack of a gravity discharge point trench. A suitable discharge for the drain usually means an
during a flood. However, they can open stream, swale, ditch, or slope to which the drain can
be effective in keeping localized be run. If such a discharge point is not available, a french

drainage away from the founda-
tion (providing there is no
occurrence of a significant flood).

drain is generally not feasible.

If feasible, the french drain should be dug to a sufficient
depth to ensure the capture of soil water that might infil-
trate the fill material in the footing area of the basement.
The slope of the trench should be such that good flow can
be maintained between the gravel stones. This typically
means a minimum slope of 1.0% or more.

Roofing Felt or Filter Fabric
to Prevent Infiltration of Fine Soil
Particles in Drain Gravel

Topsoil

9" Minimum

1! 6!l
Typical
Perforated Pipe in
%" to 1" Diameter Gravel 2' Typical
r;gulb ‘V’{ D:G, Typlbd{ FlLll\,h Dldill Sybtﬁ.lll
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5 o

Similar to the french drain, an
exterior underdrain system with
gravity discharge will not work
during a flood. Therefore sump
pump discharge with a backup
energy source is the preferred
alternative.

EXTERIOR UNDERDRAIN SYSTEMS

Exterior underdrain systems are generally the most reliuvble
drainage collection system when combined with some type
of foundation parging and waterprooting. Their chief

advantage is that they will remove water that would other-
wise exert pressure against the toundation walls and tloors.

Underdrains are normally constructed of continuous perfo-
rated plastic pipe laid on a gravel filter bed, with drain
holes facing up. The underdrains are placed along the
building toundation just below the footing and carry water
that collects to a gravity discharge or sump pump for
disposal into a public drainage system, natural drainage
course, or ground surface (as permitted by local agencies).
(See Figure VI-D21: Typical Exterior Underdrain System
with Sump Pump and Figure VI-D22: Details of a Combi-
nation Underdrain and Foundation Waterproofing System.)
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Exterior Footing Drain Plan View
(perforated pipe in gravel Foundation
bed) around Perimeter .
) /—— FloorSlab ~ / e D'Sf'hafge
: 7 1 s T ine

/ / i I
7 —1 |/

O_T'

Sump Pump in Pit /
(one or more may be used) Floor
Drain
' (A= N
N\
1 I \
Discharge N\ Perforated Pipe (in gravel bed) Below
Line Floor Slab Along One or More Walls
Side View
Discharge Line Alternative Configuration:
-« (through wall at or above ground .
slevation and flood protection levef) Perforated Sump Pit

(no pipe used)

Sump Pit Base?ent Floor Slab
Y

Sump Pump Gravel Sump Pump

Foundation System Perforated Pipe
Connected Through Footing Below Floor Slab

Figure VI-D21: Typical Exterior Underdrain System with Sump Pump Showing Two Alternative
Configurations in the Side View
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Details of Underdrain and
Foundation Waterproofing

Asphalt base (or better)

waterproofing application
followed by layer of
polyethylene sheeting
34" parging applied in two L
layers 3" thick each _— Hollow
o7 Block
Completely filled Wall
exterior cove
— Expansion
Filter fabric / Joint
sloped away
from wall Basement
1 7 Floor Slab
N Mortar a
, Conc. é
Drain below Footing
top of footing

«/— 3" — 11%%" diameter gravel
4" min.

4" diameter perforated pipe
Note: gravel may be extended
to within 9" of finished grade

Figure VI-D22: Details of a Combination Underdrain and Foundation Waterproofing System
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INTERIOR DRAIN SYSTEM

Interior drain systems are designed to relieve hydrostatic
pressure from the exterior basement walls and floors and do
not require that the soil be excavated from around the
exterior basement walls for installation. Sump pumps are
perhaps the most familiar of all methods used to dewater
basements. The sump is generally constructed so that its
bottom 1s well below the base of the basement tloor slab.
Water in the areas adjacent to the basement walls and floor
mugrate toward the area of least pressure along the lines of
least resistance, in this case toward and into the sump. It
may be necessary to provide a more readily accessible path
of least resistance for water that has collected in the fill
material and around the house to follow. To achieve this,
pipe segments are inserted and sometimes drilled through
the basement wall and into the fill behind. These pipe
segments are then connected to larger diameter pipes
running along a gravel-filled trench or cove area into the
basement floor and into one or more sumps. (See Figure
VI-D23: Typical Interior Drain Systems.)

VI-D.56
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Typical Interior Drainage Systems

Underdrain System Wall Drainage System
Below Basement Floor Slab Above Basement Fioor Slab

4" Perforated Pipe —

N 1/2" Solid
i Plastic

e ——— Holes Must / or
Gravel Be Drilled See Copper
Bed into Cinder Section Pipes
Block Cores
Sump T IT T ST T TS
Pump S
Floor Slab Must Be Gl
Removed and Replaced
Note: Water is collected in sump and must be
pumped to a suitable point of discharge.
“T” Fitting
Connecting
Pipe Stubs to .
/% - Perimeter L\ gydrauilo
; emen
Replacement Slab Around o ﬁ)r;m at \ )/
Holes Perimeter of Basement & E: oor
Drilled °Ve//
to Drain Hydraulic o
Block y Existing

s

1/2" Pipe Stub
s

l

] Cement Basement .
Cores [ in Cove ( Slab /h//kr
/ | N
e A }\ r

e

Gravel . |
Sl VA Existing
4" Perforated Pipe Basement Slab
Section “A” Section “B”

Note: Holes must be drilled into block cores at 8"
intervals as close to floor as possible. This
method must be considered an inexpensive
alternative to a below slab system and
accordingly has certain shortcomings: pipe is
visible; will not drain from weli below floor
elevation; problems associated with dampness
may remain; hydrostatic pressure batow floor
slab may not be sufficiently relieved.

Figure VI-D23: Typical Interior Drain Systems
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TYPES OF SUMP PUMPS

Two types of sump pumps commonly used are the sub-
mersible and the pedestal. The submersible type has a
watertight motor that is directly connected to the pump
casing. It is installed at the bottom of the sump. The
pedestal sump pump uses an open motor supported on a
pipe column with the pump at its base. A long shaft inside
the column connects the motor to the pump impeller.

Figure VI-D24 depicts both of these pumps. Submersible
pumps are preferred because they will continue to operate if
the flood level exceeds the height of the pump.

Three Wire
Grounded Power Cord

Control Switch
Chamber

Motor
Hcusing

Float

Pump Case

Fypical Submersibie Pump ~ Typical Pedesial Pump

el .
$mpelier—'/ Screen

Three Wire
Grounded Power Cord

Control
Switch _\

Motor

Coupling

Float |
i Rod

¥ Discharge
Pipe

Pump Case impeller

Screen

Figure VI-D24: Tvpes of Sump Pumps
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P o

Battery powered marine-type bilge
pumps are an alternative to sump
pumps/electrical generator
installations.

In selecting a sump pump for use in residential
floodproofing, the designer should consider the advantages
of each pump type and make a selection based on require-
ments determined from investigation of the residence.
Considerations include pump capacity (gallons per minute
or gallons per hour), pump head (vertical height that the
water is lifted), and electrical power required (residential
electrical power is usually 120/240 volts AC, single phase).
Sump pump motors generally range in size from 1/4 horse-
power to 1/2 horsepower designed to operate on either 120
or 240 volts.

Infiltration vs. Inundation

The capacities of sump pumps used in residential applica-

tions are limited. In floodproofing, sump pumps are used
to prevent accumulations of water within the residence. In
conjunction with other floodproofing methods, sump
pumps can be used to protect areas around heating equip-
ment, water heaters, or other appliances from floodwaters.
Sump pumps are useful to protect against infiltration of
floodwaters through cracks and small openings. In the
event that there are large openings, or that the structure is
totally inundated, the pumping capacity of sump pumps is
often exceeded, but they are useful for controlled dewater-
ing after floodwaters slowly recede (if submersible pumps
are used).

COORDINATION WITH OTHER
FLOODPROOFING METHODS

Design and installation of a sump pump should be coordi-
nated with other tloodproofing methods such as sealants
and shields, protection of utility systems (furnaces, water
heaters, etc.) and emergency power.
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FIELD INVESTIGATION

Detailed information must be obtained about the existing
structure to make decisions and calculations concerning the
feasibility of using a sump pump. Use the Building/Build-
ing System Data Sheets (Figures VI-3 and VI-4) as a guide
to record information about the residence. Items that the
designer may require are covered on the sump pump field
investigation worksheet, (Figure VI-D25).
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Owner Name: Prepared By:
Address: Date:
Property Location:

Sump Pump Field Investigation Worksheet

Document physical location and characteristics of electrical system on sketch plan below.

Determine base flood elevation:

Check with local building official's office for version of National Electrical Code (NEC) NFPA 70,
and local Electrical Code requirements:

Check with local building official's office for established regulations concerning flooded electrical
equipment:

O 0O 000

Check with the regulatogl agencies to determine which state and local codes and regulations
regarding the design and installation of plumbing systems may apply to the installation of a sump

pump:

Determine location and condition of any existing drainage collection systems, including sump pits
and pumps. :
(] Does residence have subterranean areas such as a basement? Yes No

(] Istherea sump pump installed presently? Yes No: If so:

] Record nameplate data from pump: capacity ( GPHor GPM @ FT HEAD),
motor horsepower, voltage, and manufacturer's name and model number. ___ ~

[]

Sketch plan of basement indicating location of sump, heating and cooling equipment,
water heaters, and floor drains.

How high above floor is receptacle outlet serving cord and plug connected to

sump pumps? :

L O

Figure VI-D25: Sump Pump Field Investigation Worksheet
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Once this data is collected, the designer should answer the questions below to develop a preliminary
concept for the installation of a sump pump.

[ ifthere is no sump pump and one is needed, note ﬁotential location for a sump and tentative

location for pump discharge piping on above sketch pian.
(1 Isthere an electrical outlet nearby? Yes No
[ ] Does electrical panel have capacity to accommodate additional GF| circuit if necessary?
___Yes ____No

[ 1 Ifother floodproofing measures are to be considered, such as placing a flood barrier around
heating equipment or other appliances, is the existing sump pump in an appropriate location?

Yes No
Does another sump and sump pump need to be provided? Yes No

[ ] Select emergency branch circuit routing from sump pump to emergency panel. Note on above
sketch plan.

1 1s surr&) pump branch circuit located above flood protection elevation and is it a GF! circuit?
es No

] Locate sump pump disconnect or outlet location near sump pump location above FPE.

Once these questions have been answered the designer can confirm sump pump installation
applicability through:

] Verify constraints because of applicable codes and regulation.

L] Sump pump needed? ___Yes __ No

L1 s sump pump required by code? ____Yes _____No

[ ] Code constraints known? ____Yes ____ No

(] Proceedto design? __ Yes __ No

L] Conﬁrr\r) that wiri&g can be routed exposed in unfinished areas and concealed in finished areas.
es o]

1 confirm that panel has enough power to support sump pump additon. ____Yes_____No

Figure VI-D25: Sump Pump Field Investigation Worksheet (continued)
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DESIGN

The design of sump pump applications follows the proce-
dure outlined in the flow chart in Figure VI-D26: Sump
Pump Design Process.

Sump Pump Design Process

Determine Rate of Drainage '

4

Determine Location for Sump I

Y

Determine Location for Discharge I

h 4

Select Pump Size I

Y

Determine Adequate Sump Capacity and Size I

h 4

Select Discharge Piping Route I

Y

Size Electrical Components I

Y

Prepare Details and Specifications I

Figure VI-D26: Sump Pump Design Process
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Step 1: Determine rate of drainage.
(Covered previously in Chapter IV.)
Step 2:  Determine location for sump.

Refer to Figure VI-D27 for typical sump pump installation.
Consider the following in locating the sump.

*  Is there adequate room for the sump?

*  Are there sub-floor conditions (i.e., structural footings)
that would interfere with sump installation?

* If penetration of floor is not recommended, consider
using a submersible pump design for use on any flat
surface.

* Are other floodproofing measures being considered,
such as placing a flood barrier around heating equip-
ment or plumbing appliances? If so, locate sump or
provide piping to sump to keep protected area dewa-
tered. Make preliminary sketch showing location of
sump pump, discharge piping, and location of electrical
receptacle for pump.

*  Coordinate sump location with design of drainage
collection system.
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Typical Sump Detail
(No Scaie)
Discharge to
Outd Oth .
Druain(:\(z:;reoéyste?’ri"'S G T Discharge To Battery or
As Allowed \ iz TPg Back Up Power Unit
Above Flood Cord an
- Check
Protection Level Valve
Sump Cover
i /

RS e T } et e A S N R |
Drain Lines < L ’ > Drain Lines
—T] Varies

Sump | (18"-24" Typical)
Submersible/J
Sump Pump
Varies
(18"-36" Typical)

Figure VI-D27: Typical Sump Detail

Step 3: Determine location for discharge.

Check with local authorities having jurisdiction about the
discharge of clear water wastes. In most jurisdictions, it is
not acceptable to connect to a sanitary drainage system, nor
may it be desirable since, in a flood situation, it may back
up. If allowable, the desirable location for the discharge is
a point above the BFE at some distance away from the
residence. The discharge point should be far enough away
from the building that water does not infiltrate back into the
building. From the information obtained during the field
investigation, tentatively lay out the route of the discharge
piping and locate the point of discharge.
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Step 4: Make selection of pump.

Sump pumps for residential use gencrally have motors in
the range of 1/6 to 3/4 horsepower and pumping capacities
from 8 to 60 gallons per minute. In selecting a pump, the
designer needs the following information:

» Estimate of the quantity of floodwater that will infil-
trate into the space per unit of time (GPM or GPH).

*»  The total dynamic head for the sump discharge. This
equals the vertical distance from the pump to the point
of discharge plus the frictional resistance to flow
through the piping, the fittings, and the transitions. Use
the preliminary sketch and field investigation informa-
tion developed earlier to determine these parameters.
The total discharge head, TH, is computed as follows:

TH=Z+h

+ -
f-pipe hf—ﬁl!iﬂf,"\ hr—m.m

where: TH  1s the total head in feet;

Y / is the elevation difference
between the bottom of the sump
and the point of discharge, in feet;
1s the head loss due to pipe

tiction, in feet;
is the head loss through the

hf—pip:

-firtings . )
fittings. in feet: and
is the head loss through the

f-trans

transitions, in feet.

Formula VI-DI: Total Discharge Head
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Formula VI-D2 assumes steady
pipe flow with no change in pipe
size to maintain constant velocity.

The head loss due to pipe friction can be obtained from
hydraulic engineering data books and is dependent on the
pipe material and pipe length. The head losses due to pipe
fittings and transitions are calculated as follows:

——

J‘-'.*'F%

| e 2

hf—ﬁllil‘lﬂ‘ + hl’-tram = (Kh * Ke + Ku)(\‘z'fzg)

is the head loss through pipe

fittings, in feet;

1s the head loss through the

transitions, in feet;

is the loss coefficient of the pipe

fitting(s), taken from

hydraulic engineering data books;

K is the loss coefficient of the pipe
entrance, assumed to be 0.5;

K is the loss coefficient of the pipe
exit/outlet, assumed to be 1.0;

\% is the velocity of flow through
the pipe. in feet per second, taken
from hydraulic engincering data
books: and

g is weight of gravity, 32.2 pounds

per second squared.

where: h

-fittings

{-trans

Formula VI-D2: Head Losses Due to Pipe Fittings and Transitions

The following example illustrates the use of these equations
to determine the total head requirements for a sump pump
installation.
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Sample Calculation for Sump Pump

GIVEN:

Z = 10 feet; flow assumed to be 20 gpm; 1.5 inch steel discharge pipe length of 30 feet
includes one elbow, one gate valve and one check valve.

SOLUTION:

From Hydraulic Engineering Data Books, resistance to flow in a 1.5-inch steel pipe is

2.92 feet per 100 feet of pipe;

h,=2.92(30/100) = 0.876 feet

f-pipe
resistance coefficients for fittings, entrance and exit, are
K, (elbow) = 0.63;
K, (gate valve) = 0.15;
K, (check valve) = 2.1;

K, (pipe entrance) = 0.5
K (sudden enlargement/outlet) = 1.0

(K, +K +K)=0.63+0.15+2.1 +0.5+1.0=4.38

velocity converted from gallons per minute to feet per second =

_
450 A pipe

() ( 1g:f° )(3 ()

min

prs =

=3. 62———
sec

+h, = (K + K =K )(V¥2g) = 4.38 (3.62)%(2)(32.2) = 0.891 feet

f-fittings

TH=Z+h,__+h =10+0.876 +0.891 = 11.77 feet

{-pipe f-fitings

Therefore select a pump capable of pumping 20 gallons per minute at 11.77 feet of total head.
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Step 5: Determine adequate sump capacity and size.
The capacity and size of the sump depends on several factors:

» Physical size of the sump pump

* Recommendations of the sump pump manufacturer
regarding pump cycling or other constraints.

The designer should take these considerations into account
in locating the sump and configuring the sump pump
discharge.

Step 6: Select discharge pipe route.

* Minimize length of pipe between sump and discharge
point.

+ Avoid utility and structural components along route.
+ Attach discharge pipe to structure as required by code.
» Protect discharge point against erosion.

Step 7: Size electrical components.

» Obtain horsepower and full load amperage rating for
sump pump.

»  Select GFI circuit, as required by code.
+ Size minimum circuit ampacity and maximum fuse size
*  Size maximum circuit breaker size.

«  Obtain recommended fuse size or circuit breaker size

and minimum NEC sizes.
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At this point the designer should prepare a floor plan sketch
showing the location of the sump pump, routing of dis-
charge line, location of discharge point, and preliminary
specifications for the sump pump, sump, piping, and appur-
tenances and confirm the preliminary design with the
homeowner, covering the following items:

* Verify that proposed location of sump pump is feasible.
» Verify electrical availability for sump pump.

»  Verify existing conditions along proposed routing of dis-
charge piping and at location of discharge pipe termination.

» Confirm selection and size of sump pump.
» Confirm size and location of sump.

* Confirm special considerations regarding existing
conditions affecting design and installation of sump
pump and sump.

Step 8: Details and specifications.

Prepare final plans showing:

* Floor plan with location of sump and backwater valves
* Routing of discharge pipe and location of termination
¢ Details, notes, and schedules

- Sump pump detail

- Wall, floor, and wall penetration details

- Sump construction detatls
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- Installation notes
- Equipment notes (or schedule)
- Discharge pipe termination

 Prepare specifications (on drawing or as a specifications
booklet)

Pipe and fittings

]

- Insulation

- Hangers and supports

- Valves (including backwater valves)
- Sump pumps

» Coordinate plans with work of others on additional
floodproofing measures that may be proposed at the
same residence.
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Depending upon the hydrostatic
pressure in the sewer system, a
simple wood plug can be used to
close floor drains.

Dry Floodproofing

Backwater valves can help prevent backflow through the
sanitary sewer and/or drainage systems into the house.
They should be considered for sanitary sewer drainage
systems that have fixtures below the FPE. In some in-
stances, combined sewers (sanitary and storm) present the
greatest need for backwater valves because they can pre-
vent both a health and flooding hazard. Backwater valves
are not foolproof: their effectiveness can be reduced
because of fouling of the internal mechanism by soil or
debris. Periodic maintenance is required.

The backwater valve is similar to a check valve used in
domestic water systems (Figure VI-D28). It has an internal
hinged plate that opens in the normal direction of flow. If
flow is reversed (“backflow”), the hinged plate closes over
the inlet to the valve. The valve generally has a cast-iron
body with a removable cover for access and corrosion-
resistant internal parts. The valves are available in nominal
sizes from two to eight inches in diameter.

As an added feature, some manufacturers include a shear
gate mechanism that can be manually operated to close the
drain line when backwater conditions exist. The valve
would remain open during normal use. A second type of
backwater valve is a ball float check valve (Figure VI-D29)
that can be installed on the bottom of outlet floor drains to
prevent water from flowing up through the drain. This type
of valve is often built into floor drains or traps in newer
construction.

Advanced backwater valve systems have ejector pump
attachments that are used to pump sewage around the
backflow valve, forcing it into the sewer system during
times of flooding. This system is useful in maintaining
normal operation of sanitary and drainage system components

dnrine.a flaoad
GHAHE 410048
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Backwater Valve
,,,,,,,,,,,,, Handwheel
. —%—> ' Operator
‘ ‘ '« Optional
Optional - | . : Manhole

Check Critical

Valve /“ Part -
j ‘ Normal Flow
| : Direction

! \ :
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Figure VI-D28: Backwater Valve

Floor Drain with Backwater Valve

/— Grate
]

Direction

of Flow /e Drain
Sump

Float Ball
Backwater
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Outlet Size

Figure VI-D29: Floor Drain With Ball Float Check Valve
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FIELD INVESTIGATION

Detailed information must be obtained about the existing
structure to make decisions and calculations concerning the
teasibility of using a backwater valve. Use the Building/
A Building System Data Sheets as a guide to record informa-
Alternatives to backwater valves tion about the residence. Once this data is collected, the
include overhead sewers and : .

designer should answer the questions below to develop a

standpipes. Their use should be = j :
evaluated carefully. preliminary concept for the installation of a backflow valve.

DESIGN

The designer should follow the process illustrated in Figure
VI-D30: Backwater Valve Selection, to design, select, and
specity the backtlow valve.

Backflow Valve Selection :

Determine Relationship of Drains to Flood Protection Elevation I

Y.

Confirm Regulations Cencerning Backwater Valves I

h 4

Determine Layout of Drains that Serve Impacted Fixtures I

Y.

Determine Pipe Sizes on Impacted Drains I

Y

Develop Type, Size and Location for Valves I

A 4

Prepare Details and Specifications I

Figure VI-D30: Backwater Valve Selection
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Owner Name: Prepared By:

Address: Date:
Property Location:

Backwater Valve Field Investigation Worksheet

[_] Does residence have plumbing fixtures or floor drains below FPE: Yes No

L1 s building drainage system equipped with backwater valves, or do floor drains have backwater
device? Yes No: If so, locate on a floor plan sketch of the residence.

[] Ifthere are no backwater valves and they are needed, consider the following in selecting a
location for their installation.

[ ] can adequate clearance be maintained to remove access cover and service valve?
Yes No

(] Are there any codes that regulate or restrict installation of such valves?
Yes No; If yes, explain.

] Tentatively locate on sketch box where backwater valves might be installed.

[_] Proceed To Design? Yes No

Figure VI-D31: Backwater Valve Field Investigation Worksheet
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The elements of this process include:
Step 1: Determine relationship of drains to FPE.

If any drain or pipe fixtures are located below the FPE,
backwater valves should be installed. If all drains and
fixtures are located above the FPE, backwater valves are

not necessary.

Step 2: Determine regulations concerning backwater
valves.

Based upon information collected during the field investi-
gation, confirm the allowability of and the regulations
governing the installation of backflow valves.

Step 3: Determine layout of drains that serve the impacted
fixtures.

Make a floor plan sketch showing location of all plumbing
tixtures and appliances, floor drains, and drain piping that
is below the FPE.

Step 4: Determine pipe sizes on impacted drains.

Obtain from field investigation the size of drainage lines
below the FPE.

Step 5: Determine type, size, and location for backwater
valves.

Determine type, size, and location of backwater valves
required, paying considerable attention to any special
conditions related to installation. Factors to be considered

include:
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If possible, backwater valves
should be located outside a
structure so as to minimize
damage should the pressurized line
fail.

* Clearance for access and maintenance
» Cutting and patching of concrete floors

+ Indicate on floor plan sketch the tentative location(s) of
the backwater valve(s).

At this point the designer should confirm the preliminary
design with the homeowner, discussing the following

items:

« Verify that proposed locations of backwater valves are
feasible.

» Verify existing conditions at location of proposed
backwater valve installation.

Confirm the size and location of needed backwater valves.

» Confirm special considerations regarding existing
conditions affecting design and installation of backwa-

ter valves.
Step 6: Prepare details and specifications.

The final plans and specifications should include the
following items:

* Floor plan with location of backwater valves
« Details, notes, and schedules

- Backwater valve detail
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- Wall, floor, and wall penetration details
- Installation notes
- Equipment notes (or schedule)
» Prepare specifications governing the installation of:

Pipe and fittings

1

- Insulation

Hangers and supports

Valves

]

» Coordinate plans with work of others on additional
floodproofing measures that may be proposed at the
same residence.
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EMERGENCY POWER

Emergency power equipment can be applied to residential
applications if the proper guidelines are observed. First, it
is not feasible to apply emergency power equipment to the
operation of a whole house with electric resistance heat,
heat pumps, air conditioning equipment, electric water
heater, electric cooking equipment, or sump pump(s).
These large loads would require very expensive emergency
power equipment that would have considerable operating
costs. However, small, economical, residential portable
generators or battery backup units can be successfully
installed to operate selected, critical electrical devices or
equipment from the limited power source.

A list of appliances or equipment that a homeowner might
choose to operate is shown in Table VI-DI1. It is important
to note that all of these appliances would most likely not be
operated at the same time.
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Table VI-DI

Essential Equipment/Appliances to Operate
from Emergency Power Source

» Refrigerator

Critical Items include:

+ Floodwater sump pump - typically 1/3 to 1/2 hp 120 volt single phase.

» Domestic sewage pump - typically 3/4 hp to 1 hp 120 volt single phase.

Non-critical items include:

- 350 watts to 615 watts.

- 341 watts to 440 watts.

+ Freezer

« Gas or oil furnace - 1/7 hp burner, 1/3 hp to 1/2 hp blower motor.
« Some lighting or a light circuit - limit to about 400 watts.

« A receptacle or a receptacle circuit - limit to about 600 watts.

Several sources of technical information are available to

assist in the design of emergency residential generator set

installations.

e Some manufacturers provide application manuals and
sizing forms to select small gasoline-powered, natural
or liquid petroleum gas, or battery sets.

+  Other manufacturers even offer software to size the
small generator/battery sets.

* Another good source 1s the supplier of the standby
generator/battery set. These have additional application
data for sizing the unit to suit the anticipated load.

¢ The manufacturer of the set will provide a wattage and
volt-ampere rating for each size at a particular voltage
rating.

Selection of a generator/battery set is a matter of matching

the unit capacity to the anticipated maximum load. The
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chief complication in sizing the generator/battery set is the
starting characteristics of the electric motors in the pumps
and appliances to be served.

FIELD INVESTIGATION

Detailed information must be obtained about the existing
structure to make decisions and calculations concerning the
feasibility of using an emergency generator or battery
backup unit. Use the Building/Building Systems Data
Sheets (Figures VI-3 and VI-4 located in the beginning of
Chapter VI) as a guide to record information about the
residence. Among the activities the designer may pursue
are:

» Examine the routing and condition of the existing
building electrical system, noting potential locations for
emergency power components (above the FPE and
away from combustible materials).

» Determine utility or power company service entrance
location and routing.

* Determine utility constraint data.

* Record these items and locations on an electrical site
plan/combination floor plan sketches.

* Confirm space for cable routing between main panel,
emergency panel, transfer switch, and proposed genera-

tor/battery set.

* Examine existing panel branch circuit breakers and
select circuits to be relocated to emergency panel.

« Confirm utility regulations on emergency power equip-

ment with Tocal power comipany.
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DESIGN

The design of emergency power provisions is a straightfor-
ward process that is illustrated in Figure VI-D32. The steps

include:

Emergency Power Design

Determine Loads to Operate on
Generator or Battery Set

h 4

Identify Start and Run Wattages I

|

Y

Calculate Maximum and Minimum
KW for Above Loads

h 4
Select Generator/Battery Set Size

Select Transfer Switch Size I__,__
4 Automatic
¥ Transfer Switch”

Select Emergency Panel Size I < Manual
Transfer

! Switch

v
Design Wire Conductor and
Raceway Ground System

|

!

h 4
Prepare Construction Detail Plan
and Specifications

Figure VI-D32: Emergency Power Design Process
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b o

Since most power outages are
temporary and relatively short
lived, a battery backup source for
sump pumps (only) may be the
simplest solution for a home-
owner. However, as the duration
of the power outage increases, the
suitability of battery backup
systems decreases. Generator sets
are a more secure source of power
in these situations, especially for
those residents who need/desire
power to operate medical equip-
ment or standard household
appliances during power outages.
Battery systems used in conjunc-
tion with emergency generators
can provide service during a
limited period if the owner is not
home when the power goes out.

Step 1: Determine loads to operate on generator set.

Table VI-D2 presents typical electrical appliance loads for
some home equipment. The designer should work with the
owner to select only those pumps/appliances that must be
run by emergency power and confirm the estimated appli-
ance and motor loads.

Step 2: ldentify start and run wattages.

Start and run wattages for the appliance loads selected by
the homeowner can be obtained from Table VI-D2, Typical
Electric Appliance Loads.

Step 3: Calculate maximum and minimum KW for
operating loads.

Based upon the loads determined in Step 1, the designer
should develop the range of minimum and maximum
wattages for the desired applications. Table VI-D2, Typi-
cal Electric Appliance Loads, can be used to estimate these
minimum and maximum loads.

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
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Table VI-D2  Typical Electrical Appliance Loads
Home Equipment Typical Wattage Start Wattage
Critical items:
Limited lights (safety) 400 400
Sewage pump (3/4 hp to 1 hp) 1000 4000
Sump pump (1/3 hp to 1/2 hp) 333 2300
Water pump 800-2500 800-10000
Non-critical items:
Refrigerator 400 - 800 1600
Freezer 600 - 1000 2400
Furnace blower 400 - 600 1600
Furnace oil burner 300 1200
Furnace stoker 400 1600
Limited receptacles 600 600
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Dry Floodproofing

Step 4: Select generator/battery unit size:

Size the generator/battery unit set from load information
obtained in Step 1. Generator/battery unit set sizing is based
upon the approximation that motor starting requirements are

Emergency power equipment
should be located above the flood
protection level. three to four times the nameplate wattage rating; thus,

generator sets/battery units should be sized to handle four
times the running watts of the expected appliance loads.

Small generators/battery unit sets are usually rated in watts.
Two ratings are often listed—a continuous rating for normal
operation and a higher rating to allow for power surges.
Match higher surge ratings with the starting wattage.

Generator sets can be loaded manually with individual loads
coming on line in a particular sequence, or the loads can be
transferred automatically with all devices trying to start at
one time. This is illustrated by the following examples.

Table VI-D3 Example of Maximum Generator Sizing Procedure
RUNNING LOAD STARTING LOAD

SEWAGE PUMP 1000 4000

FURNACE 300+400=700 1200 + 1600 = 2800

SUMP PUMP 333 2300

REFRIGERATOR 400 1600

FREEZER 600 2400

RECEPTACLES 600 600

LIGHTS 400 400

TOTALS 4033 WATTS 14100 WATTS

Even though many of the above appliances cycle on and off, common practice is to select a generator with a
continuous rating that is at least as large as the total wattage to start all loads at once. 14KW appears to be the
minimum size to start all motors at once.
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Table VI-D4

Example Step Sequence Manual Start - Minimum Generator Sizing

Sewage Pump
Furnace
Sump Pump
Refrigerator
Freezer
Receptacles

Lights

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6

Step 7

Largest Load 4,833 Watts; Thus 5KW Generator Set is minimum size.

Starting
Loads
4000
2800 +
2300 +
1600 +
2400 +
600 +
400 +

For each step or appliance load, add the running wattage of items already operating to the starting
wattage of the items being started in that step. Select the largest wattage value out of all steps. Com-
pare maximum wattage with continuous wattage rating of the generator.

Running
Loads

1000 = 3800

700 + 1000 = 4000

333 + 700 + 1000 = 3633

400 + 333 + 700 + 1000 = 4833

600 + 400 + 333 + 700 + 1000 = 3633

600 + 600 + 400 + 333 + 700 + 1000 = 4033

At this point, the designer has sufficient information to
present preliminary equipment recommendations to the
homeowner, prior to the design of transfer switches, emer-
gency panels, wiring, and other miscellaneous items.
Among the issues the designer should confirm with the
homeowner are:

The essential power loads proposed for the generator/
battery set. Discuss any other essential loads pertaining
to life or property safety.

Generator/battery set siting and proposed location. This
should be discussed in light of unit weight, portage,
storage, and handling methods.

Provisions for fuel storage and fuel storage safety.
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Dry Floodproofing

The designer should also:

» Educate the homeowner on battery operating time and/
or generator operating time vs. fuel tank capacity.

» Present initial generator/battery set cost and future
operating costs.

« Discuss requirements for having equipment located
above FPE.

» Discuss generator heat radiation and exhaust precau-
tions to prevent carbon monoxide poisoning.

Step 5: Selection transter switch size.

Transfer switches are designed to transfer emergency loads
from the main house system to the generator/battery system
in the event of a power failure. After power has been
restored, the transfer switch is used to transfer power from
the generator/battery set to the house system. Transfer
switches can be manual or automatic. It is important to
check with local code officials regarding requirements for
how transfer switches are set up.

Manual Transfer Switches generally have the following
characteristics:

* Double pole, double throw, nonfusible, safety switch,
general duty with factory installed solid neutral, and
ground bus. Double pole, double throw transfer
switches are typically required to prevent accidentally
feeding power back into the utility lines to workers
servicing the line. This switch also protects the genera-
tor set from damage when the power is restored.

» Transter switches are available with NEMA 1 enclo-

sures for indoor moutting and NEMA IR enclosurés for
outdoor locations.
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» The voltage rating of transfer switches is typically 250
volts.

+ Available sizes are 30 amp, 60 amp, 100 amp, and 200
amp.

The designer should consider the following items when
selecting a manual transfer switch:

« Coordinate amperage to match emergency panel rating,
continuous current rating of branch circuits, genset
overcurrent protection, and panel branch feeder circuit

breaker size.

* Fusible manual transfer switches are required as service
entrance equipment and are required if the panel circuit
breaker size does not correspond to the emergency
panel size and generator/battery set circuit breaker size.

* Several manufacturer models are not load break rated
and require load shedding before transfer operation.
These switches must be used for isolation only. They do
not have quick make-quick break operation.

* Some transfer switches are padlockable in the “off”
position.

+  Switches should have door interlocks to prevent the
door from opening with the handle in the “on” position.

* Avoid locating the transfer switch at a meter or service
entrance outdoor location. Switches are not service
entrance rated unless they are fusible, and with this
scenario the total house load is transferred to the genset.
This method requires a much larger switch and cannot
be taken out of service without de-energizing the entire
dwelling.
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Dry Floodproofing

Automatic transfer switches are much more expensive
than manual transfer switches and require an electrical start
option for the generator/battery set. These switches are
usuaily not cost effective for homeowner generator/battery set
installations but may, in certain applications involving life
safety issues, warrant the added expense.

Automatic transfer switches automatically start the genera-
tor/battery set upon loss of regular power and transfer the
emergency load to the generator/battery source. After
power has been restored for some time, the transfer switch
automatically transfers back to normal power source. The
generator set continues to run for some time unloaded until
the set has cooled down, then it shuts off. The designer
should contact the manufacturers for specific applications
data for these automatic transfer switch devices.

Step 6: Seclect emergency panel size.

Equipment and appliances that need to be powered by a
generator/battery set are typically wired in an emergency
panel box. The design of the emergency panel box should
be conducted with the following considerations in mind:

+ Select branch circuit loads for emergency operation.

» Size branch circuit over current devices in emergency
panel to protect equipment and conductor feeding
equipment. Appliance circuits and motor loads should
be sized in accordance with NEC requirements.

+  Size panel bus based upon NEC requirements and on
continuous rating at 125% calculated load for items that
could operate over three hours.

+  Verify panel box size vs. number and size of circuit
breakers.
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» See Tables VI-DS5 and VI-D6 for minimum panel bus
sizes and emergency panel specification criteria.

Table VI-D5 Minimum Panel Bus Sizes

AMPACITY POLE SPACES
30 2
70 2
100 6-8
125 12-24

Table VI-D6 Emergency Panel Specification
Criteria

+  Load center type residential panel

+  Mainlug

. Indoor NEMA 1 enclosure above flood protection level
with isolated neutral for sub panel application

«  Same short circuit current rating as main panel
with ground bar kit

. Pole spaces as required for appliance and motor circuit

breakers

At this point, the designer should confirm several items
with the homeowner including:

» emergency panel location above flood protection level
+ transfer switch location above tlood protection level

* no load transfer switch operation
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L

CAUTION: if problems occur,
turn off existing panel circuit
breaker feeding the transfer
switch before investigating
problems with faulty connections

Dry Floodproofing

Step 7:  Design wire conductor and raceway ground system.

Select route for wiring between panel, transtfer switch, and
generator set and specific wiring materials in accordance
with local electric codes or NEC.

Operation and Maintenance Issues: The following
instructions should be provided to the homeowner with
generator equipment.

For manual start generators, operating procedures include:

1. Tumn off or disconnect all electrical equipment includ-
ing essential equipment in emergency panel. CAU-
TION: Make sure solid state appliances remain off
while standby power is operating.

2. Connect generator to receptacle.
3. Place transfer switch in generator position.

4. Start generator and bring it up to proper speed (1800
rpm or 3600 rpm). Check generator volt meter; it
should read 115-125 volts; the frequency meter should
read 60 Hz plus or minus three hertz.

5. Start the motors and equipment individually, letting the
genset return to normal engine speed after each load has
been applied. The load should be applied in the se-
quence used to determine the genset size and generally
with the largest motor load applied first. If the genera-
tor cuts out, turn off all the electrical equipment and
restart.

or wiring. N .
6. Check the volt meter frequently. If it falls below 200
volts for 240-volt equipment or 100 volt for 120-volt
equipment, reduce the load by turning off some equip-
ment.
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7. When normal power has been restored, turn off all the

electrical equipment slowly, one load at a time. Turn
off all emergency load, place transfer switch in normal
load position, and turn electrical equipment back on.

Turn off genset circuit breaker. However, allow genset
approximately five minutes to run for cool-down. Then
turn off generator engine. Return generator to storage
location.

For manual start generators, maintenance procedures
include:

Operate generator at about 50% load monthly or bi-
monthly to ensure reliability.

Check for fuel leaks.
Change engine oil per manufacturer’s requirements.

Replace or use the fuel supply about every 30 to 45
days to prevent moisture condensation in the tank and
fuel breakdown. Gasoline additives can keep gasoline-
powered generator fuel from breaking down.

Keep tank full.

Replace air filter element per manufacturer’s requirements.

CONSTRUCTION

All wiring shall be installed by licensed electricians to meet
NEC requirements, local electrical regulations, and re-
quirements of the local power company. Bond ground
from generator emergency panel through transfer switch
back to main service panel.
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ELEVATION

One of the most common of all retrofitting techniques is to raise an entire existing super-
structure above the desired flood protection elevation. When properly done, the elevation
of a house places the living area above all but the most severe floods.

In general, the steps required for elevating a building are essentially the same in all cases.
A cradle of steel beams is inserted under (or through) the structure; jacks are used to raise
both the beams and structure to the desired height; a new, elevated foundation for the
house is constructed; utility systems are extended and modified; and the structure is
lowered back onto the new foundation and reconnected.

While the same basic elevation techniques are used in all situations, the final siting and
appearance of the house will depend on the final elevation and type of foundation used.
However, the actual elevation process is only a small part of the whole operation in terms
of planning, time, and expense. The most critical steps involve the preparation of the
house for elevation and the construction of a new, adequately elevated foundation. The
elevation process becomes even more complex with added weight, height, or complex
design or shape of the house. Brick or stucco veneers may require removal prior to
elevation. Building additions may need to be elevated independently from the main

structure.

TYPES OF RESIDENTIAL STRUCTURES THAT CAN
BE ELEVATED

The elevation of houses over a crawlspace; houses with
basements; houses on piles, piers, or columns; and houses
/w on a slab-on-grade are examined here. In each of these
situations, the designer must account for multiple (non-
Figures VI-El through VI-E5 flood-related) hazards, such as wind and seismic forces.
illustrate the elevation ofa home The various methods utilized to elevate different home
on extended solid foundation
walls. Subsequent figures for types are illustrated in the pages that follow, providing the
various elevation techniques will designer with an introduction to the design of these mea-

include only those illustrations sures.
unique to that technique.
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General Design Practices

Elevation

Information on the design of
foundation wall openings and
adjustment of existing utility
systems can be found in the Wet
Floodproofing section of Chapter
VI

HOUSES OVER A CRAWLSPACE

These are generally the easiest and least expensive houses
to elevate. They are usually one- or two-story houses built
on a masonry crawlspace wall. This allows for access in
placing the steel beams under the house for lifting. The
added benefit is that since most crawlspaces have low
clearance, most utilities (heat pumps, water heaters, air
conditioners, etc.) are not placed under the home; thus the
need to relocate utilities may be limited. Houses over a
crawlspace can be:

¢ celevated on extended solid foundation walls (seeFigures
VI-E1 through VI-ES5); or

* e¢levated on an open foundation such as masonry
piers (see Figures VI-E6 through VI-ES8).
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Figure VI-E1: Existing Wood-Frame Residence with Crawlspace
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Elevation
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Figure VI-E2: Install Network of Steel "1" Beams
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Figure VI-23: Lift Restdence and Extend Foundation Walls; Relocate Utility and
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Elevation
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Figure VI-E4: Raising a Wood-Frame-Over-Crawlspace Structure
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Elevation

\ Note: Piers should meet local building code and/or be designed by a professional
engineer or architect.
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1. Existing Foundation to Remain

2. New Reinforced Masonry Piers

3. New House Support Beams

Figure VI-E6: Install Network of Steel "I' Beams
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Figure VI-E7: Raising a Wood-Frame-Over-Crawlspace Structure on Piers
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HOUSES OVER BASEMENTS

These houses are slightly more difficult to elevate because

\ their utilities are usually in the basement. In addition,
/v basement walls may have been extended to the point where
they cannot structurally withstand flood forces. Houses
over basements can be:

FEMA’s post- and pre-FIRM
requirements do not allow
basements below the Base Flood

Elevation (BFE) for substantially + elevated on solid foundation walls by creating a new
g‘i‘g;{ged/‘;?prt‘?ved a;}d post- masonry-enclosed area on top of an abandoned and
applications. For more . . )
information on what retrofitting filled-in basement (see Figures VI-E9 through VI-E10);
measures are allowable under or
FEMA guidelines, refer to Chapter
I, Regulatory Framework. « elevated on an open foundation, such as masonry piers,
by filling in the old basement (see Figures VI-E11 and
VI-E12).
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Elevation

1

2. Existing Weodframe

3
4

5. Openings for Ficodwater

. Existing Wooed Floor and Jeists

. New Windows

. New Masonry Enclosed Area
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Figure VI-E10: Creation of a New Masonry Enclosed Area on Top of an Abandoned Basement
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Elevation
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Elevation

HOUSES ON PILES, PIERS, OR
COLUMNS

The process of elevating a house on piles, piers, or columns
is slightly more complex in that temporary relocation of the
house may be part of the elevation process. With the use of
this type of foundation, the house may need to be lifted off
the existing foundation and temporarily relocated on-site.
The existing foundation is then removed and/or recon-
structed, and the house is reset on the new foundation.
However, raising the home above the working area may
provide sufficient room to auger pier and column founda-
tions and to jet pile foundations.

SLAB-ON-GRADE HOUSES

These houses are the most difficult to raise in that if the
slab is to be raised with the house, a trench must normally
be dug under the house to provide a space for inserting
lifting beams. However, intrusive techniques that place
beams through the structural walls have proved to be
successful in elevating slab-on-grade homes, as well. If the
existing slab is to remain in place, then the house must be
detached from the slab, the structure raised separately from
the slab, and a new floor system built, along with an el-
evated foundation.

While slab-on-grade houses may be the most difficult to
raise, a number of elevation options exist with regard to
raising the structure with or without the slab and using a
first floor composed of wood or concrete. The various
alternatives include:
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Elevating a Slab-on-Grade Wood-

v\ Frame House

P

Many of the techniques that + Elevating a slab-on-grade wood-frame house without
require interior home modifica- .

tions are applicable only to the slab, using a new first floor constructed of wood
structures that have suffered trusses (see Figures VI-E13 through VI-E17);

extensive interior damage. For

additional information, refer to . .
FEMA publications entitled Elevating a slab-on-grade wood frame house without

Technical Information on Elevat- the slab, using a new first floor constructed of a con-
ing Substantially Damaged crete slab on top of fill (see Figures VI-E18 through VI-

Residential Structures in the E20);
Midwest, August 24, 1993, and
Technical Information on Elevat-

ing Substantially Damaged * Elevating a slab-on-grade wood frame house with the

Residential Buildings in Dade slab intact (see Figures VI-E21 through VI-E23);
County, Florida, January 29,
1993.
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Elevation

\

\_"_\Y““‘\\\\
_T‘

| — —

Figure VI-E13: Existing Slab-on-Grade Wood-Frame Residence
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1. Lateral Support Beam

2. Concrete Slab
3. Hydraulic Jack

4. Lifing Beam

Figure VI-E14: Install Steel "I" Beam Network and Prepare to Lift Walls
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Elevation

1. New Wood Floor System

2. Existing Concrete Slab

3. Extended Masonry Foundation Walls

Figure VI-EIS: Lift Residence and Extend Masonry Foundation Wall; Relocate Utility and
Mechanical Equipment above Flood Level
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New truss joists
with sub-floor

First floor
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\

New 8" masonry block wall
Required
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Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures VI-E.21
June 2001



Chapter VI: General Design Practices

Elevation
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Figure VI-E17: Set Residence on New Foundation and Remove "I" Beams
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Figure VI-E18: Lift Residence and Extend Masonry Foundation Wall; Relocate Utility and
Mechanical Equipment Above Flood Level
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Elevation
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Figure VI-E19: Raising a Slab-on-Grade Wood-Frame Structure Without the Slab Intact

VI-E.24 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures
June 2001



Types of Residential Structures That Can Be Elevated

1. New Concrete Slab
2. Extended Masonry Walls
3. Existing Slab
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Figure VI-E21: Excavate Under Existing Slab and Install Network of Steel "I" Beams
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Figure VI-E22: Raising a Slab-on-Grade Wood-Frame Structure With the Slab
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Figure VI-E23: Set Residence on New Foundation and Remove "I Beams
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Elevating a Slab-on-Grade Masonry
Structure

+ Elevating a slab-on-grade masonry structure with the
slab intact;

* Elevating a slab-on-grade masonry structure without the
slab using a first floor constructed of a concrete slab on
top of fill;

+ Elevating a slab-on-grade masonry structure without the
slab using a first floor constructed of wood framing;

« Installation of an elevated concrete slab within an
existing masonry structure;

* Installation of an elevated wood-frame floor system
within an existing masonry structure;

* Creation of a new masonry livable area on top of an
existing one-story masonry structure; and

* Creation of a new wood-frame livable area on top of an
existing one-story masonry structure.

HEAVY BUILDING MATERIALS/
COMPLEX DESIGN

The elevation process becomes even more complex with
added weight, height, or complex design of the house.
Brick or stucco veneers may require removal prior to
elevation. Combination foundations (i.e., slab-on-grade and
basement) should be evaluated jointly and separately and
the worst case scenario utilized for design purposes. Build-
ing additions may need to be elevated independently from
the main structure. Due to the extreme variability of
structural conditions, a structural engineer should evaluate
the suitability of lifting this type of house.
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Elevation

The entire elevation design process is discussed here and
then illustrated with a detailed example of the design for a
crawlspace home (Figure VI-E24).

Elevation Design Process

Field Investigation and
Code Search

!

Calculate Gravity Load Combinations
(Dead, Live, Snow, and Vertical Flood Loads)
Calculate Lateral Load Combinations
(Wind, Seismic, and Flcod-Related)

!

:

Check Existing Structure for Loading
Roof Framing to Wall Connection
Plywood Roof Diaphragm
Upper Leve! Walls
Floor Diaphragm
|

h 4

Not OK Not OK
° ° Select Another Measure

q-l Design Strengthening

OK

L4
Check xisting
Foundation for Loadings

L—, Design Strengthening Not OK 4 Not OK Select Another Measure
OK
Y
l Design New Foundation Walls ]

I Design New Top of Foundation Wall Connection .

}

l Design Sill Plate Connactions l
l Design New Access .
!

v
I Design Utility Extensions ]
[ Specify Additional Insulation '

Figure VI-E24: Design Process for an Elevated Structure
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FIELD INVESTIGATION CONCERNS

PROPERTY INSPECTION AND
EXISTING DATA REVIEW

During the field investigation, the designer should inspect
the property and review existing data to confirm the appli-
cability of the selected alternative and to confirm specific
design guidance such as the height of elevation and type of
foundation to be utilized. The designer should utilize the
guidance presented in the beginning of this chapter where
detailed information and checklists for the collection of
information on the Structural, Mechanical, Plumbing, and
Electrical Systems was presented. Much of the data has
been discussed previously in Chapters IIl and IV. Ata
minimum, the designer should collect information on the
tollowing checklist (Figure VI-E25).

CODE SEARCH

During the field investigation the designer should also
conduct a search of local floodplain ordinances, building
codes, restrictions to deeds, restrictions in subdivisions,
zoning regulations, and state building codes. Included with
this search, a visit with the local building official should be
planned to determine any special requirements for the
locality. During the code search, the following should be
determined:

» floodplain ordinance;
+ building code in effect;
+ design wind speed;

+ design seismic zone;
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Elevation

* ground snow loads;

* frost depths;

*  restrictions on height (overall building, portions of
building relative to materials in use, allowable height/
thickness ratios); and

* restrictions on foundations.

VI-E.32 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001



Field Investigation Concerns

Owner Name: Prepared By:
Address: Date:
Property Location:

Elevation Field Investigation Worksheet

(J Does site topography data cover required area ' Yes J No
Additional data required

(J Any construction access issues?

(J Site and building utilities identified? 1 Yes QNo
Potential utility conflicts identified? [ Yes (1 No
Describe conflicts:

[ Review homeowner preferences:
Can aesthetics reconcile with site and building constraints? O Yes I No

How?
(d Confirm type and condition of existing framing:
0 member sizes  spans
'J connections QO supports
[J Confirm type and condition of foundation:
Qtype Q@ depth
size
[J Confirm types and condition of existing construction materials:
J roof 3 floor
dwalls 3 foundation
(d Confirm soil information:
D type 3 depth of rock
U bearing capacity 1 susceptibility to scour and erosion

iJ Confirm characteristics of flood-related hazards:
iJ BFE 13 velocity

I frequency 4 duration
L potential for debris flow

[ Confirm characteristics of non-flood-related hazards:
(J wind O seismic

T snow  other:

1 Review accessibility considerations:
J access/egress
d special resources for elderly, disabled, children

Architectural constraints noted:

 Is clearance available to install lifting beams and jacking equipment? JYes [1No

(1 Check local codes/covenants for height or appearance restrictions:
1 deed/subdivision rules ‘Jlocal building codes
Restrictions:

Figure VI-E.25: Elevation Field Investigation Worksheet
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Elevation

The design process for an elevated structure shown in
/v\ Figure VI-E24 consists of the following steps:

To illustrate the design process, a Step 1: Calculate gravity loads.

worked example is shown follow-
ing the instructions for Steps 1-7. The computation of gravity (vertical) loads such as building

Information on Step 9 is presented . .
in the Chapter VI section on Wet dead and live loads and buoyancy forces was presented in
Chapter IV.

Floodproofing. The designer
should refer to local codes for

guidance on Steps § and 10. Snow Loads: There are no “typical” formulas for houses,
since the calculation of snow loads depends upon the
building code in use, the geographic area in which the
house is located, and the size and shape of the house and
roof. The governing building code will clearly spell out the
correct procedure to follow. Most procedures are simple
and straightforward. Some houses will be more complex
due to their shape or quantity of snow that must be allowed
for. However, the general procedure is as follows:

* To determine the ground snow load, consult snow maps
within the building code, and/or local requirements with
the local building official.

* Determine importance factors.

\Y » To determine the exposure factors, analyze the sur-
/v rounding terrain, trends in snow patterns, and slope of
If building and flood guidance is not roof.
covered by the IBC/IRC or local
building code, refer to ASCE 7-98. o Determine the snow load.

* Determine considerations for drifting snow by examin-
ing any adjacent house or structure, a mountain above
the house, or higher roofs.
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If the local building code does not
cover wind, snow, or seismic
issues, refer to ASCE 7-98.

*  Determine considerations for sliding snow by examin-
ing steep slope on roof or higher roofs.

Step 2: Calculation of lateral loads.

The calculation of building lateral loads includes wind,
seismic, and flood-related loads. One objective of the wind
and seismic analysis is to determine which loading condi-
tion controls the design of specific structural components.

Wind Analysis: There are no “typical” formulas for
houses, since the calculation of wind loads depends upon
the building code in use and the size and shape of the
house. The governing building code will clearly spell out
the correct procedure to follow. Most procedures are
simple and straightforward. Some houses will be more
complex due to their shape. However, the general proce-
dure, as illustrated in Chapter IV, is presented below.

*  Determine wind speed and pressure by consulting wind
maps within the building code, and checking local
requirements with the local building official.

*  Determine the importance factors and the exposure
category.

*  Determine wind gust and exposure factors and analyze
the building height and shape, whether the wind is
parallel or perpendicular to the roof ridge, and whether
it is windward or leeward of roofs/walls.

* Determine the wind load.

* Distribute the load to resisting elements based upon the
stiffness of shear walls, bracing, and frames.
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Elevation

Seismic Analysis: There are no “typical” formulas for

houses since the calculation of seismic loads depends upon

the building code in use and the size and shape of the
house. The governing building code will clearly spell out
the correct procedure to follow. Some houses will be more
complex due to their shape. However, the general proce-
dure, as illustrated in Chapter 1V, is presented below.

+ Calculate dead loads by floor. These include permanent
dead loads (roof, floor, walls, and building materials)
and permanent fixtures (cabinets, mechanical/electrical
fixtures, stairs, new locations for utilities, etc.).

» Determine if the snow load must be included in the
dead load analysis. Most building codes require the
snow load to be included for heavy snow regions. The
building code will list these requirements.

» Determine the seismic zone and importance factors.

» Determine the fundamental period of vibration (height
of structure materials used in building).

» Determine total seismic lateral force by analyzing site
considerations, building weights, and the type of resist-
ing system.

+ Distribute the loads vertically per the building code,
keeping in mind additional force at the top of the
building. '

» Distribute the loads horizontally according to the
building code and the stiffness of resisting elements.
The code-prescribed minimum torsion of the building
(center of mass vs. center of rigidity), shear walls,
bracing, and frames must be considered.
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Flood-Related Forces: The computation of flood-related
forces was presented in Chapter IV, and includes the
following:

* Determine Flood Protection Elevation (FPE).
*  Determine type of force (hydrostatic or hydrodynamic).

*  Determine the susceptibility to impacts from debris
(ice, rocks, trees, etc.).

* Determine susceptibility to scour.

* Determine applicability of and susceptibility to alluvial
fans.

* Determine design forces.

* Distribute forces to resisting elements based upon
stiffness.

Step 3: Check ability of existing structure to withstand
additional loading.

Chapter IV presented general information on determining
the ability of the existing structure to withstand the addi-
tional loadings imposed by retrofitting methods. The
process detailed below is similar for each of the building
types we expect to encounter. First, the expected loadings
are tabulated and compared against allowable amounts
determined from soil conditions, local code standards, or
building material standards. The following list of existing
building components and connections should be checked.
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Chapter VI: General Design Practices

Elevation

Roofs: The plywood roof diaphragm, trusses, connections,
and uplift on roof sheathing should be capable of resisting
the increased wind and seismic loads. The Engineered Wood
Association has published several references that are useful
in this calculation. These include:

*  Roof Sheathing Fastening Schedules for Wind Uplift,
* Diaphragms; and
*  Residential and Commercial.

These reference materials or the local building codes will
give the designer the necessary plywood thicknesses and
connection specifications to resist the expected loadings,
and/or will provide loading ratings for specific material
types and sizes.

If the roof diaphragm and sheathing are not sufficient to
resist the increased loading, the design can strengthen these
components through the following:

+ increase the thickness of the materials, and/or

« strengthen the connections with additional plates and
additional fasteners.

Roof Framing to Wall Connections: The roof framing
connections to walls should be checked to ensure that they
will resist the increased wind loads. Of critical importance
are the gable ends, where many wind failures occur. The
Engineered Wood Association has published several
references that are useful in this calculation. These include:

s Panel Handbook and Grade Glossary, and

o Residential and Commercial
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For additional information on the
performance of various building
system products, refer to product
evaluation reports prepared by the
model code groups or the National
Evaluation Service (NES).

These reference materials or the local building codes will
give the designer the necessary truss size, configuration,
and connection specifications to resist the expected load-
ings, and/or will provide loading ratings for specific truss
and connection types and sizes.

If the roof trusses and wall connections are not sufficient to
resist the increased loading, the design can strengthen these
components through the following:

* increase the amount of bracing between the trusses;
and/or

+ strengthen the connections with additional plates and
additional fasteners.

Upper Level Walls: The upper level walls are subject to
increased wind pressure and increased shear due to in-
creased roof loads. Both the short and long walls should be
checked against the shear, torsion, tension, and deflection,
utilizing the governing loading condition (wind or seismic).

The Engineered Wood Association has published several
references that are useful in this calculation. These include:

*  Panel Handbook and Grade Glossary;
*  Residential and Commercial; and
*  Diaphragms.

These reference materials or the local building codes will
give the designer the necessary wall size and configuration
and connection specifications to resist the expected load-
ings, and/or will provide loading ratings for specific wall
types, sizes, and connection schemes.
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If the upper-level walls are determined to be unable to
withstand the increased loadings, the designer is faced with
the difficult task of strengthening what amounts to the
entire house. In some situations this may be cost prohibi-
tive, and the homeowner should look for another retrofit-
ting method, such as relocation. Measures the designer
could utilize to strengthen the upper-level walls include:

+ adding steel strapping (cross bracing) to interior or
exterior wall faces;

+ adding a new wall adjacent to the exterior or interior of
the existing wall;

+ bolstering the interior walls in a similar fashion; and/or
+ increasing the number and sizes of connections.

Floor Diaphragm: The floor diaphragm and connections
are subject to increased loading due to flood, wind, and
seismic forces. The existing floor diaphragm and connec-
tions should be checked to ensure that they can withstand
the increased forces that might result from the elevation.

The Engineered Wood Association has published several
references that are useful in this calculation. These include:

o Residential and Commercial, and
» Diaphragms.

These reference materials or the local building codes will
give the designer the necessary floor size and configuration
and connection specifications to resist the expected load-
ings, and/or will provide loading ratings for specific floor
types, sizes, and connection schemes.
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If the floor diaphragm or connections are determined to be
unable to withstand the increased loadings, the designer
could strengthen these components by:

* adding a new plywood layer on the bottom of the
existing floor diaphragm;

* increasing the number and size of bracing within the
floor diaphragm; and

* increasing the number and size of connections.
Step 4: Analyze existing foundation.

The existing foundation should be checked to determine its
ability to withstand the increased gravity loads from the
elevation, the increased lateral loads due to soil pressures
from potential backfilling, and the increased overturning
pressures due to seismic and wind loadings. The designer
should tabulate all of the gravity loads (dead and live loads)
plus the weight of the new foundation walls to determine a
bearing pressure, which is then compared with the allow-
able bearing pressure of the soil at the site. Not including
expected buoyancy forces in this computation will yield a
conservative answer.

If the existing footing is insufficient to withstand the
additional loadings created by the elevated structure, the
design of foundation supplementation should be under-
taken. The foundation supplementation may be as straight-
forward as increasing the size of the footing and/or more
substantial reinforcement. The designer may refer to the
ACI manual for footing design, recent texts for walls and
footing design, and applicable codes and standards.
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For wet floodproofing applica-
tions, where openings in founda-
tion walls are necessary, refer to
the section on Wet Floodproofing
in this chapter.

Step 5: Design the new foundation walls.

The design of a new foundation, whether it be a solid or
open foundation, is usually governed by the local building
codes. These codes will have minimum requirements for
foundation wall sizes and reinforcing schemes, including
seismic zone considerations. The designer should consult
the appropriate code document tables for minimum require-
ments for vertical wall or open foundation reinforcement.

For new slab applications where the lower level is allowed
to flood and the slab is not subject to buoyancy pressures,
the designer can utilize the Portland Cement Association
document Concrete Floors on Ground as a source of
information to select appropriate thicknesses and reinforc-
ing schemes based upon expected loadings. The slab
loadings will vary based upon the overall foundation design
and the use of the lower floor.

Step 6: Design top-of-wall connections.

Top-of-wall connections are critical to avoid pullout of the
sole plate, floor diaphragm, and/or sill plate from the
masonry foundation. A preliminary size and spacing of
anchor bolts is assumed, and uplift, shear, and tension
forces are computed and compared against the allowable
loads for the selected bolts. Where necessary, adjustments
are made to the size and spacing of the anchor bolts to keep
the calculated forces below the allowable forces. Connec-
tions should be designed for all appropriate load combina-
tions as discussed in the General Design Practices section
of this chapter.
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Step 7: Design sill/sole plate connections.

The existing sill/sole plate connections will be subject to
increased lateral loads and increased uplift forces due to
increased wind and buoyancy loading conditions. The sill/
sole plate is designed to span between the anchor bolts and
resist bending and horizontal shear forces. The designer
should refer to the appropriate wood design manual that
provides recommended compression, bending, shear, and
elasticity values for various sill/sole plate materials. Using
these values, the designer checks the connection against the
expected forces to ensure that the actual forces are less than
the allowable stresses. If the sill/sole plate connection is
insufficient to withstand expected loadings, the size of the
sill/sole plate can be increased (or doubled), and/or the
spacing of the anchor bolts can be reduced.

Step 8: Design new access.

The selection and design of new access to an elevated
structure is done in accordance with local regulations
governing these features. Special homeowner require-
ments—tor aesthetics, handicapped accessibility, and/or
special requirements for children and the elderly—can be
incorporated using references previously discussed in
Chapter III.

Connection of the new access to the house should be
designed in accordance with the local codes. The founda-
tion for the access measure will either stand alone and be
subject to its own lateral stability requirements or it will be
an integral part of the new elevated structure. In either
case, analysis of the structure to ensure adequate foundation
strength and lateral stability should be completed in accor-
dance with local codes.

It should be noted that any access below the BFE should
incorporate the use of flood-resistant materials. The de-

signer should refer to FEMA Technical Bulletin 2-93,
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entitled Flood Resistant Materials Requirements for Build-
ings Located in Special Flood Hazard Areas in Accordance
with the National Flood Insurance Program.

Step 9: Design utilities extensions.

The field investigation will reveal the specific utility
systems that will require relocation, extension, or modifica-
tion. Where possible, utility systems should be relocated
above the flood protection level. Local utility companies
should be contacted about their specific requirements
governing the extension of their utility service. In many
instances, the local utility company will construct the
extension for the homeowner. Critical issues in this exten-
sion process include:

+ handling of utilities encased in the existing slab or
walls;

« coordination of disconnection and reconnection;

+ any local codes that require upgrades to the utility
systems as part of new construction or substantial repair
or improvement;

« introduction of flexible connections on gas, water,
sewer, and oil lines to minimize potential for setsmic
damage;

+ potential for relocation or clevation of electrical system
components from existing crawl space and/or basement
areas; and

+ design of separate GFI-type electrical circuits and use
of flood-resistant materials in areas below the BFE.
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Step 10:  Specify increased insulation requirements.

Elevated floors and extended utility system components
may increase the potential for heat loss through increased
exposure and airflow and necessitate additional insulation.
The designer should evaluate the energy efficiency of each
aspect of the project, compare existing insulation (R-
values) against the local building code, and specify addi-
tional insulation (greater R-value) where required.
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~
Elevation Sample Calculation
GIVEN OR OBTAINED FROM THE FIELD INVESTIGATION:
The owner of a single-story crawlspace home intends to elevate the structure to eliminate
a repetitive flooding hazard. Her desire is to raise the structure one full story (8 feet) and
use the lower level for storage and parking. She contracted with a local engineer to
perform the design. The engineer’s investigation revealed the following information
about the existing structure:
» crawlspace home with four (4) block courses (no reinforcement);
+ the first-floor elevation is two (2) feet above the surrounding grade (which is level);
+ the property is located in a FEMA-designated floodplain (Zone AE) and is subject to a
100-year flood four (4) feet in depth above ground level;
» floodwater velocities in the area of the house average six (6) feet per second,;
+ floodwaters flow parallel to front elevation and impact side elevation;
+ floodwater debris hazard exists and is characterized as normal;
+ the structure is classified as a pre-FIRM structure; and
* local regulations require an additional one (1) foot of freeboard above the 100-year
flood elevation.

BASE FLOOD ELEV. (4'-07)

FIRST FLOOR 2-07)

GROUND (C)

1 of 35 )

VI-E.46

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001



Elevation Sample Calculation

Elevation Sample Calculation

Additional Information on Existing Home

¢ Wood-Framed House 30 ft. x 60 ft.

* Gable Roof 4:12 slope

» Per ASCE 7-98 and the 2000 International Building Code
- 90 mph Basic Wind Speed (3-second gust)
- Seismic Use Group I, Site Class D, S,=0.25 ft./8?
- Ground Snow Load of 40 psf

» Flat open terrain surrounding house

«  Wind Exposure Category C, partially enclosed building

4
H 2'(TYP)

Loy FROPOSED FRONT ELEVATION
ME

EQ SIDE clLEvATIDN

16

Extended foundation walls are proposed to be constructed of 8-inch-thick concrete
masonry units. The existing footing is 2 feet wide by 1 foot thick concrete reinforced
with 3-#4 rebars continuous and #4 dowels extending up into masonry 24 inches. Slab on
grade will be 3-1/2 to 4 inches thick.

Interior walls of the living area (elevated) are composed of 4-inch studs at 16 inches o.c.
with plaster on each side. Exterior walls have 4-inch studs at 16 inches o.c., plaster on
the inside, and sheathing and wood siding on the exterior—walls are insulated with
fiberglass insulation.

- - 20of 35
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Elevation Sample Calculation

First-floor framing consists of 2x12’s at 16 inches on center supported by the exterior
long walls and a center support. Floor coverings are hardwood (oak) with a 3/4-inch
plywood subfloor. There is 10 inches of insulation between the joists. A gypsum ceiling
in the proposed lower area is planned.
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Roof framing consists of pre-engineered wood trusses at 16 inches on center. The top
chord consists of 2x6’s and the web and bottom chord consist of 2x4’s. The roof is
fiberglass shingles with felt on 1/2-inch plywood. The ceiling is 1/2-inch plaster with
1/2-inch plywood backup. There are 16 inches of fiberglass insulation above the ceiling.
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Elevation Sample Calculation Step 1: Calculate Vertical Loads

e A
Elevation Sample Calculation
Calculations:
Step 1: Calculate vertical flood loads
Calculate floodproofing design depth (Formulas IV-2 and IV-3)
DFE=FE+f=4+1=35 feet
H = DFE - GS =5 feet - (0)
H =75 feet
The calculation of buoyancy forces and comparison with structure weight is a critical
determination of this problem. While buoyancy of the first floor is not an issue (since it
is elevated three feet above the DFE), buoyancy of the entire structure (slab, foundation
walls, and superstructure) must be checked if dry floodproofing is being considered for
the lower level. If buoyancy forces control, dry floodproofing of the lower level is not
applicable.
Calculate Buoyancy Forces (from Formula [V-8)
F, = yAH = (62.4 1bs/ft*)(30 ft x 60 ft)(5 ft) = 561,600 Ibs = 561.6 kips
(1 kip = 1,000 Ilbs.)
Calculate Structure Weight by Level
Tabulate Dead Loads by Floor (based on ASCE 7-98, Table C3-1)
Roof:
Shingles - Asphalt - | layer 2.0 psf
Felt 0.7 psf
Plywood - 32/16 - 1/2 inch 1.5 psf
Trusses (@ 16 inches o.c. 5.0 psf
2x6 Top Chord
2x4 Web and Bottom
Total 9.2 pst’ (Roof)
§ 4 of 35 J
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Elevation

N
Elevation Sample Calculation
First Floor Ceiling:
Insulation - 16 inch of fiberglass 8.0 psf
1/2 inch plywood 1.5 psf
1/2 inch plaster and lath 10.0 psf
Misc., heating, electrical, cabinets 2.0 psf
Total 21.5 psf (1st Floor Ceiling)
First Floor:
Oak Floor 4.0 psf
Subfloor - 3/4 inch plywood 3.0 psf
Joists (2x12) 4.0 psf
Insulation - 10 inch fiberglass 5.0 psf
Misc., piping, electrical 3.0 pst
Gypsum ceiling - 1/2 inch 2.5 pst
Total 21.5 psf (1st Floor)
Walls:
Interior - wood stud, plaster each side 20 psf
Exterior - 2x4 @ 16 inches o.c., plaster
insulation, wood siding 18 psf
Lower Level - 8 inch masonry,
reinforcement at 48 inches on center 50 psf
L 5 of 35 )
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Elevation Sample Calculation Step 1: Calculate Vertical Loads

~
Elevation Sample Calculation
Total Weights by Level
Roof:
Surface Area = [15.81 ft. + 2 ft. overhang]x[60 ft + 2 ft. overhang]x[2] = 2208 ft2
Projected Area = [15 + 2 (15/15.81)]x[60 + 2]x[2] = 2095 ft?
Shingles: 2208 ft*(2 psf) =4416 Ibs
Felt: 2208 t%(0.7 psf) = 1546 lbs
Plywood: 2208 ft3(1.5 psf) =3312 lbs
Truss: 2095 ft*(5 psf) =10,475 lbs
First Floor Ceiling:
Area = 60 x 30 = 1800 ft?
Insulation: 1800 ft*(8 psf) = 14,400 lbs
Plywood 1800 ft*(1.5 psf) =2,700 lbs
Plaster 1800 ft3(10 psf) = 18,000 Ibs
Misc. 1800 ft*(2 psf) = 3,600 lbs
Walls
180 If ext. (4' trib.)(18 psf) = 12,960 Ibs
157 If int. £ (4" trib.)(20 psf) = 12,560 Ibs
Subtotal W2 = 83,970 Ibs
_ 6 of 35
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Elevation

Elevation Sample Calculation

First Floor Including Lower Level:
Area = 60 x 30 = 1800 ft*

Oak Floor 1800 ft*(4 psf) = 7,200 lbs
Subfloor 1800 ft*(3 psf) = 5,400 Ibs
Joists 1800 ft*(4 psf) = 7,200 lbs
Insulation 1800 ft*(5 psf) = 9,000 lbs
Misc 1800 ft°(3 psf) = 5,400 lbs
Ceiling 1800 ft*(2.5 psf) = 4,500 lbs
Walls

180 If ext. (4" trib.)(18 psf) = 12,960 Ibs

157 If int. (4" trib.)(20 psf) =12,560 lbs

180 If lower level (10.67' trib.)(50 psf) = 96,030 Ibs
Footing

180 If (2)(1)(150 psf) = 54,000 Ibs
Slab 1800 ft*(.33")(150 pcf) = 89,100 lbs

Subtotal W1 = 303,350 Ibs

Total Weight, W = W1 + W2 = 387,320 Ibs = 387 kips
Compare Buoyancy Force Against Structure Weight

DL=15F,
387,000 Ibs < 1.5 (562,000)
387 kips Ibs < 843 kips Ibs  N.G. (No Good)

Therefore, buoyancy forces control and the building (if dry floodproofed) will float
during flood events, unless structural measures, such as floor anchors or additional slab
mass, or non-structural measures such as allowing the lower level to flood, are utilized to
offset/equalize the buoyancy forces.

In our example, since buoyancy controls and the magnitude of the project represents a
substantial improvement, the homeowner 1s required to allow the lower level to flood by
incorporating vent openings in the foundation wall. While this action will equalize hydro-
static pressures on the foundation walls, hydrodynamic and impact forces will still apply.
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Elevation Sample Calculation Step 2: Compute Lateral Loads

@ h
Elevation Sample Calculation
Step2:  Compute lateral loads
Lateral Flood Loads
Compute lateral hydrostatic forces due to five (5) feet of water moving at six (6) feet per second.
From Formula IV-4
F, = 1/2 yH?
= (1/2) (62.4 1bs/ft?) (5 ft)?
= 780 lbs/If acting at 1.67" above ground surface
From Formula IV-9
b/H = CELLNS 6 < 12
- st -
. TableIV-4
C,=125
C,V*  (1.25) (6 ft/sec)
dh = 2g = 2 (32.2 ft/sec?)
= 0.70 ft
From Formula IV-10
F, = v (dh)H
= (62.4 Ibs/tt)) (0.70 ft) (5 ft)
= 218.4 Ibs/If acting at 1.67" above ground surface
From Formula I'V-11
FH = Fh + Fdh
= 780 Ibs/If + 218.4 lbs/If
= 998.4 1bs/If acting at 1.67" above ground surface
Because the owner decided to intentionally flood the lower level, the above-calculated
lateral hydrostatic flood forces are negated and not considered further in this example
computation. However, if dry floodproofing were being considered, these lateral forces
may have exceeded the allowable stress on the wall, resulting in a possible wall failure.
S 8 of 35 )
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Elevation Sample Calculation
Calculate Hydrodynamic Forces on CMU Wall (From Formula IV-12)
VZ
P, - C, p_z_
6 ft / sec)’
= (1.25)(1.94 slugs/ft)) [ (—2;‘”)]
= 43.65 lbs/tt?
b/H = L 6 < 12
- S
Table IV-4
C,=1.25
Calculate Total Force on Building Face (upstream) (From Formula IV-13)
F, = PA
= (43.65 Ibs/ft?) (5') (30")
= 6,548 1bs = 6.55 kips
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N
Elevation Sample Calculation
Calculate Normal Impact Forces (From Formula [V-14)
WnV .
F = 'gt— From Table IV-5: t= 0.3 sec for concrete masonry wall construction
(1,000 1bs) (6 ft/sec) B
= (322 fsec ) (03sec) - 0211bs
Since vents are being used to equalize the hydrostatic pressure, the wall will be subject to
a net load equal to the combined hydrodynamic and impact loads. The ability of the new
foundation wall to withstand these forces is presented toward the end of Step 5.
WIND
Since the house is being elevated, wind pressures will be increased on the home. De-
pending upon the amount of elevation, additional bracing of the roof or walls may be
necessary.
Reference:  ASCE 7-98
Basic Wind Speed has been determined to be 90 mph. (From Figure 6-1 in ASCE 7-98
and verification with local building official.)
From Equation 6-13, calculate velocity pressure calculated at height z above ground (q,):
q,=0.00256 K K K VI
Compute g, at two different heights:
1. Atz =15 feet
2. At mean roof height: z, =h = (18) +(5)/2 = 20.5 feet
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Elevation

Elevation Sample Calculation

House is given as Exposure Category C

From Table 6-5, compute velocity pressure exposure coefficients (K,) at heights listed above:

1. Forz =15 feet, K = 0.85
2. Forz,=h=20.5 feet, K = K, =0.904 by linear interpolation

Use topographic factor, K_ = 1.0 since house is surrounded by flat, open terrain
From Table 6-6, use directionality factor, K 4= 0.85 for buildings

Given Basic Wind Speed, V = 90 mph
From Table 6-1, Importance Factor, I = 1.00 for residential construction

q, = 0.00256 (0.85)(1.0)(0.85)(90)*(1.00) = 15.0 psf
q,, = q, = 0.00256 (0.904)(1.0)(0.85)(90)*(1.00) = 15.9 psf

From Equation 6-15, calculate Design Wind Pressures on Building Main Wind Force
Resisting System, MWFRS (p):

pP=9GC -q(GC)

From Equation 6-13, use q = q, = 15.0 psf, the velocity pressure computed for windward
walls calculated at wall height z, or z, above ground (psf)

From Equation 6-13, use q = q, = 15.9 psf for all other walls and roof surfaces (psf)
From Section 6.5.8.1, use gust effect factor G = 0.85 for rigid structures

From Figure 6-3, compute external pressure coefficients (Cp) for the following scenarios:

1. Perpendicular to the ridge:
a. For windward walls, CP =0.8
b. For leeward walls, L/B = (30)/(60) = 0.5, Cp =-0.5
¢. For windward roof, h/L = (20.5)/(30) = 0.683 and § = tan"'(4/12) = 18.4°,
Cp = -0.26 by linear interpolation
d. For leeward roof, h/L = 0.683 and 0 = 18.4°, C, =-0.58 by linear interpolation
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( Elevation Sample Calculation
2. Parallel to the ridge:
a. For windward walls, Cp =0.8
b. For leeward walls, L/B = (60)/(30) = 2, Cp =-0.3
¢. For windward roof, /L = (20.5)/(60) = 0.34 and 0 = tan"(4/12) = 18.4°,
Cp =-0.9 for 0 to 20", -0.5 for 20" to 40, -0.3 for 40' to 60", by interpolation
From Equation 6-13, use velocity pressure calculated at mean roof height, q,=q=159 psf
From Table 6-7, use internal pressure coefficients for partially enclosed buildings,
GCpi ==%0.55
MWFRS - Wind Perpendicular to Ridge
Walls:
Windward:  p =(15.0)(0.85)(0.8) - (15.9)(0.55) = 1.5 pst (inward)
p = (15.0)(0.85)(0.8) — (15.9)(-0.55) = 18.9 psf (inward)
Leeward: p = (15.0)(0.85)(-0.5) — (15.9)(0.55) = -15.5 psf (outward)
Roof:
Windward:  p = (15.0)(0.85)(-0.26) — (15.9)(0.55) = -12.1 psf (ourward)
p = (15.0)(0.85)(-0.26) — (15.9)(-0.55) = 5.4 psf (inward)
Leeward: p = (15.0)(0.85)(-0.58) — (15.9)(0.55) = -16.6 psf (outward)
MWEFRS - Wind Parallel to Ridge
Walls:
Windward:  p = (15.0)(0.85)(0.8) - (15.9)(0.55) = 1.5 psf (inward)
p = (15.0)(0.85)(0.8) — (15.9)(-0.55) = 18.9 psf (inward)
Leeward: p = (15.0)(0.85)(-0.3) — (15.9)(0.55) = -12.8 psf (outward)
Roof:
Windward, for distance from leading edge:
0' to 20 p = (15.0)(0.85)(-0.90) — (15.9)(0.55) = -20.2 psf (outward)
p = (15.0)(0.85)(-0.90) — (15.9)(-0.55) = -2.7 pst (ourward)
20" to 40 p = (15.0)(0.85)(-0.5) - (15.9)(0.55) = -15.1 psf (outward)
40' to 60' p = (15.0)(0.85)(-0.3) - (15.9)(0.55) = -12.6 psf (outward)
L 12 of 35 )
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Elevation Sample Calculation
From Equation 6-18, calculate Design Wind Pressures on Components and Cladding (p):
p = q, [(GC)—-(GC )]
From Equation 6-13, q, = 15.9 psf
From Figures 6-5A and 6-5B, compute external pressure coefficients (GC)) at the
following locations:
1. For windward walls, effective wind area = (18)(16/12) = 24 {t, GCp =0.92 (Zones 4 & 5)
2. For leeward walls, effective wind area = 24 ft*:
a. GC = -1.05 (Zone 4)
b. GC = -1.25 (Zone 5)
3. For windward roof, 8 = tan"'(4/12) = 18.4° and effective wind
area = (15.81+2)(16/12) = 23.75 ft*:
a. GCp = -0.85 (Zone 1)
b. GC = -2.2 (Zone 2)
c. GC = -3.2 (Zone 3)
4. For leeward roof, 8 = 18.4° and effective wind area = (15.81+2)(16/12) = 23.75 ft=:
a. GCP =-0.85 (Zone 1)
b. GCp =-2.2 (Zone 2)
c. GCP = -3.2 (Zone 3)
From Table 6-7, use internal pressure coefficients for partially enclosed buildings,
GC,;= +0.55
Components and Cladding
Walls: |
Windward: (Zone 4, 5) p = (15.9)[(0.92) - (0.55)] = 5.9 pst (inward)
(Zone 4, 5) p = (15.9)[(0.92) - (-0.55)] = 23.4 psf (inward)
Leeward: (Zone 4) p=(15.9)[(-1.05) - (0.55)] = -25.4 pst (outward)
(Zone 5) p=(139[(-1.25) - (0.55)] = -28.6 psf (outward)
L 130135 D,
VI-E.58 Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001
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Elevation Sample Calculation

Roof:
Windward: (Zone 1)
(Zone 1)
(Zone 1)
(Zone 2)
(Zone 2)
(Zone 3)
(Zone 3)

Leeward: (Zone 1)

p = (15.9)[(-0.85) - (0.55)] =
p = (15.9)[(-0.85) - (-0.55)] =
p = (15.9)[(0.40) — (-0.55)] =
p=(15.9)[(-2.2) - (0.55)] =

p = (15.9)[(-2.2) - (-0.55)] =
p = (15.9)[(-3.2) - (0.55)] =
p=(15.9)[(-3.2) - (-0.55)] =

p = (15.9)[(-0.85) — (0.55)] =

-22.3 pst (outward)
-4.8 pst (outward)

15.1 pst (inward)

-43.7 pst (outward)
-26.2 pst (outward)
-59.6 pst (outward)
-42.1 pst (outward)

-22.3 pst (outward)

Engineering Principles and Practices of Retrofitting Flood-Prone Residential Structures

June 2001

(Zone 2) p=(15.9)[(-2.2) - (0.55)] = -43.7 pst (outward)
(Zone 3) p=(15.9)[(-3.2) - (0.55)] = -59.6 psf (outward)
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Elevation

Elevation Sample Calculation

Seismic

Since the house is being elevated, the potential for seismic loading/overturning design
loads will be increased on the home. Depending upon the amount of elevation, additional

bracing of the roof or walls may be necessary.

Reference: 2000 International Building Code
(page references are taken from Chapter 16 using the

Simplified Analysis Procedure)

From Equation 16-16, calculate the Maximum Considered Earthquake Spectral
Response Acceleration for Short Periods (S, )
S..=F S

MS a S

Existing house is given as Site Class D
From Table 1615.1.2(1), Site coefficient, F = 1.6
Given the mapped spectral acceleration for short periods, S, = 0.25 ft/sec?

S, = (1.6)(0.25) = 0.4 ft/sec’

From Equation 16-18, calculate the Design Spectral Response Acceleration (S_):
S, =238, (ft/sec?) (Equation 16-18)

From Equation 16-16, S, . = 0.4 ft/sec’
S, =2/3(0.4) = 0.27 ft/sec?

From Equation 16-49, calculate the Seismic Base Shear (V):
V=125 WR

From Equation 16-16, S_ = 0.27 ft/sec
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Elevation Sample Calculation Step 2: Compute Lateral Loads

s

Elevation Sample Calculation

The Effective Seismic Weight of the building, W = 387 kips. Refer to page 7

for calculations.
Basic seismic-force-resisting system consists of ordinary reinforced masonry shear walls

From Table 1617.6, the Response Modification Coefficient of the structural system, R = 2.5
V =1.2(0.27)(387)/(2.5) = 50.2 kips

From Equation 16-50, calculate the Vertical Distribution of Seismic Forces for the first
floor ceiling (F,) and at the first floor level (F):

F =125, w/R

From Equation 16-16, S_ = 0.27 ft/sec?
The Effective Seismic Weight of the building:

1. at the first floor ceiling, w = w, = 83.97 kips
2. at the first floor level, w_=w = 303.03 kips

From Table 1617.6, conservatively assume the Response Modification Coefficient of the
structural system remains unchanged, R = 2.5

F,=1.2(0.27)(83.97)/(2.5) = 10.9 kips
F, = 1.2(0.27)(303.03)/(2.5) = 39.3 kips

The seismic load on the house depends upon the effective seismic weight. This weight
must be tabulated on a floor-by-floor basis as was presented in Step 1 under Tabulate
Dead Loads by Floor. '

Check if Snow Load must be included in Seismic calculations:
Reference:  ASCE 7-98

Ground Snow = 40 psf
Roof Slope, 0= 18.4°
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Elevation

Elevation Sample Calculation

From Section 7.3, Equation 7-1

p, = O.7CeCtng
where,
= Minimum Roof Snow Load
= Exposure Factor
Thermal Factor
= Importance Factor
= Basic Ground Snow Load = 40 psf

=
[ed
|

= 00

&

From Table 7-4, Importance factor, I=1.0
From Table 7-3, Thermal factor, C=10
From Table 7-2, Exposure factor, C, = 0.9

for this house,
p,= 0.7(0.9)(1.0)(1.0)(40) = 25 psf < 30 psf

thus, by Section 1617.5.1 snow load is not included (it is recommended that the building
otficial be consulted if in doubt) and the total weight of 387 kips as calculated in Step 1
under Total Weights by Level can be used in this seismic analysis.

—

-~
d

-
w
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Elevation Sample Calculation
LATERAL FORCES PERPENDICULAR TO LONG DIRECTION
Seismic
Level Lateral Level
Height Weight Force Shear
(ft) (kips) (kips) (kips)
Level h, w_ (w,)(h), F, 2F,
2 18'-0" 83.97 1511 10.9 10.9
1 10'-0" 303.03 3030 39.3 50.2
4541 50.2
Wind
Wind Lateral Level
Pressure | Area Force Shear
(psf) (ft) (kips) (kips)
Level P, a H 3F
2 22> 300* 6.6 6.6
1 344 1080 37.2 43.8
* Wind Pressure Calculations (Force = Pressure x Area)
L 18 of 35 ).
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\
Elevation Sample Calculation
Roof: (54 +16.6) (5)(60) (slope)
(pressure) (area)
(16.6 pst) (15.81 ft) = 6.6 kips
Wall: (area) (pressure)
(18 ft)(60 ft) (18.9 + 15.5 psf) =37.2 kips
» 43.8 kips
LATERAL FORCES PARALLEL TO LONG DIRECTION
Seismic
Level Lateral Level
Height Weight Force Shear
(ft) (kips) (kips) (kips)
Level h, w, (w)(h) F, 3F,
2 18-0" 83.97 1511 10.9 109
1 10°-0" 303.03 3030 39.3 50.2
4541 50.2
Wind
Wind Lateral Level
Pressure | Area Force Shear
(psf) (ft?) (kips) (kips)
Level P, a, H, ZF
2 31.7* 75" 2.4 2.4
1 31.7* 540* 171 19.5
* Wind Pressure Calculations (Force = Pressure x Area)
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\
Elevation Sample Calculation
Roof Gable: (projected area) (pressure)
1/2(15x5) (18.9 + 12.8 psf) = 2.4 kips
Wall: (area) (pressure)
(30 ft)(18 ft) (18.9 + 12.8 psf) =17.1 kips
19.5 kips

LOAD COMBINATIONS

Now select the most appropriate load combination for both lateral and vertical loads.

Use ASCE 7-98 Section 2.4.1. For allowable stress design (ASD), the load combinations are:

1. D

2. D+L+F+H+T+(L orSorR)

3. D+W+L+(L orSorR)+.75F,

4. 0.6D+W+H+.75F,

5. 0.6D+0.7E+H

Each possible building failure mode (sliding, overturning, uplift or buoyancy) must be

investigated using the most restrictive load combination.

Sliding

Z Forces in horizontal direction < Sliding resistance provided by soil in order for building

to not slide. By inspection, Eq. 4 is most restrictive sliding condition because dead load is

reduced and flood and wind loads are included for direction parallel to ridge.

W+ 75F, <.6D (coefficient of soil friction = 0.3); 19.5 kips + (.75)(6.5 kips) = 24.4 kips

(.6D)(0.3) = (.6)(387 kips}(0.3) = 70 kips

24.4 kips < 70 kips OK in parallel to ridge direction.

For perpendicular to ridge direction. By inspection, Eq. 4 is most restrictive even though

no flood load is involved in this direction.

W <{(.6D)(0.3)

43.8 kips < 70 kips OK in perpendicular to ridge direction.
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( Elevation Sample Calculation
Overturning
Most likely overturning direction is at short dimension of the building caused
by seismic forces.
10.9 kips
1387 kips
39.3 kips
Pivot Point
IM oo™ (10.9)(18") +(39.3)(10") - (.6)(387)(15) = -2893.8 kips-ft. OK Building weight
keeps building from
overturning.
Uplift/Buoyancy
Z Forces 1n vertical direction > buoyancy force in order for building to stay in the ground.
0.6D + W + H + .75F_ = (0.6)(387 kips) + (.75)(562 kips) = 189.3 kips N.G., house will
tloat.
Must develop strategy to keep building in ground - probably accomplish with flood vents
and let lower level flood.
“tep 3 Check existing structure for new loads
For this example analysis, the existing structural components were assumed to be ad-
cquate for the loading conditions. However, the designer should check the existing truss-
to-wall-connections, plywood roof diaphragm, upper level walls, and floor diaphragm for
their ability to resist increased loadings.
21 of35
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Elevation Sample Calculation
Step4:  Check Existing Foundation
Per ASCE 7-98, Live Load = 40 psf with no concentrated load requirements for a 1-foot-
wide strip through the short distance of the house
Snow: (25 psf) (1') (15'+2' overhang) = 425 plf
First Floor LL: (40 psf) (1) (15'/2) = 300 plf
Dead Loads:
Roof:
shingles: (15.81'+2) 2 psh) (1") = 35.6 plf
felt: (15.81'+2Y% (0.7 psH) (1) = 12.5 plf
plywood: (15.81'+2Y (1.5 psH) (1) = 26.7 plf
truss: (15'+2'(15/15.81)) (5 psH) (1) = 84.5 plf
Ceiling:
insulation: (15 (1") (8 pst) = 120 plf
plywood: (15" (1Y (1.5 psh) = 22.5 plf
plaster: (15 (1) (10 psf) = 150 plf
misc: (15 (") (2 psH = 30 plf
wall (ext) (4 (1" (18 psf) = 72 plf
wall (int)! (15'72) (1") (20 psf) = 150 plf
First Floor:
flooring: (15'72) (1') (4 psf) = 30 plf
subtloor: (1572) (1) (3 ps) = 225 plf
joists: (1572) (1") (4 psf) = 30 plf
insulation: (1572) (1) (5 pst) = 37.5 plf
misc: (1572) (1) (3 psf) = 225 plf
ceiling: (1572) (1) (2.5 psf) = 18.8 plf
wall (ext) (4" (1) (18 pst) = 72 plf
footing (2 (1") (150 pcf) = 300 plf
wall (int)! (1572) (1) (20 psf) = 150 plf
new lower
level wall (10" (1") (50 psf) = 500 plf
Total Dead Load 1887 pif
" Note that a 20 psf partition load is applied here; this approach is conservative due to the
amount of interior walls in this building.
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Chapter VI: General Design Practices

Elevation

~
Elevation Sample Calculation
From our field investigation it was determined that an allowable bearing pressure of 2000
psf was acceptable.
Total load on foundation:
Most restrictive load combination is Eq. 3.
TL=D+W+L+S+.75F (plf)
Horizontal loads created by wind & flood, must be converted to compression on foundation.
Wind: (6.6 kips/60'/30' wide building)(20.5") =75 plf
(37.2 kips/60'/30")(9" = 186 plf
Flood: (43.65 psf)(5'/30")(5")(.75) =27 plf
TL = 1887 + (75 + 186) + 300 + 425 + 27 = 2900 plf
The existing foundation is 2'-0" wide; thus, the bearing pressure for total loads is 2900/2'
plf = 1450 psf < 2000 psf Allowable, OK.
Step 5: Design of New Foundation Wall
distribute lateral loads (seismic controls); one intermediate shear wall is assumed.
For connection of foundation wall to footing:
50.2 kips
In addition, IBC Section 1617.4.4.4 requires a 5% x building length induced accidental
torsion on seismic loads. For this house, the center of mass and the center of rigidity will
coincide.
L 23 of 35 y
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Elevation Sample Calculation Step 5: Design of New Foundation Walil

4 A
Elevation Sample Calculation
(5%)(60") = 3 feet of induced torsion; therefore, M_ .= (50.2 kips)(3') = 150.6 kips-1t.
The total seismic shear in the end wall is:
3/8 (50.2 kips) + 3/8 (150.6 kips-ft./60") = 19.8 kips
See typical Hollow-Masonry unit Exterior Foundation Wall Detail.
FINISH VARIES
:LD{Y:TDSIJNG 2" SOLE PLATE
/—SUBFLDDR
SIDING
e BT ]
-0 0.0 w/ ANGLE CLIP
6" EMBEDMENT N
R B
FILL TOP COURSE
vone i v geoon
FGation srow o AT ANCHORS
e e
HOLLOW-MASONRY UNIT
FOUNDATION WALL - WOOD FLOOR
e e
Worst Case, wall with penetrations.
f——-—NEGLECY
y~— ONE COURSE BOND
DUORWV’-—\ R BEAMY LINTEL
\\ 7
AY
L3 \\
4 I b8
L
{
l
i 9::9 4a-p 9
’! 8- 2
wALL | A, ARER, T4< NERTIA, T ¥ T
1 jcees: s 7’5 (8.38) 28 %) = 257
T 783827 -]1—2 @280 77 09
SAMPLE ELEVATION
Assume #4 reinforcing bars @ 48" o.c in solid grouted cores.
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Chapter VI: General Design Practices

Elevation

Elevation Sample Calculation

With #4@48" o.c. the equivalent solid thickness is 4.6 inches = 0.38 ft.
Reference: National Concrete Masonry Association Notes

Assume shear modulus, G is = 0.4 E where E = modulus of elasticity per ACI 530-99
Section 1.8.2.2.2.

Assume compressive strength of masonry, f'_= 2000 psi and type M or S mortar

per ACI 530-99 Section 1.8.2.2 E_=900f'_ =900 (2000) = 1.8 x 10° psi

New Wall Design

Minimum wall reinforcement is #4@48" A_=0.20/48" Load diagram for end shear wall:

147 kipﬁ‘l* Wall Load Only 18 psfx 10.5 (avg.) = 189 Ibs/ft. l
10’
19.7 kips——ol =
L 25 of 35 )
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Elevation Sample Calculation Step 5: Design of New Foundation Wall

( Elevation Sample Calculation h
V_ (Shear strength provided by masonry)
V_ =[40-175 M/VA] A_Jf' m'+ 0.25P
M = (14.7 kips)(10'") = 147 kips-ft. = 1,764,000 in-lb
V =19.7 kips
d=(30")(12) =360 in
A =120in’
f' =2000 psi= 2 ksi
P = (189 Ib/ft)(30") = 5670 1b = 5.67 kips
V., =[4.0-1.75 (1764 kips/(19.7 kips)(36Q)] (120)\/§+ 0.25 (5.67)
=(3.56)(120)(44.72) + 1417 = 20.5 kips
V,=05(A/s)fd,
= 0.5 (0.20/48)(60 kips)(360)
=435 kips
M/Vd = (14.7 kips)(10")/(19.7 kips)(30") < 1 (by inspection)
So F, = (1/3)(4-M/Vd) [f' = (1/3)(4 - .25) v2000 = 55.9 psi
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Chapter VI: General Design Practices

Elevation

~
( Elevation Sample Calculation

Nominal Shear Strength V_=V_+V_=20.5 kips + 45 kips = 65.5 kips
65.4 kips > 50.2 kips  OK #4@48" o.c. in-plane shear

Investigate long (60") wall for out-of-plane bending because axial load is also supported
by this wall. Neglect impact load in this analysis.

28 Kipsi. Treat wall as simple T-beam 4' wide
+ '\ R
\ f = (2.9 kips)(4)/(48")(7.5") = 32.2 psi
18.5 psf \ \ \\
AR forh/r=99 h/r=120/2.16 =55.6 <99

\ where: h=(10)(12) = 120"
43.65psl || N

\‘\ \
A r=+t/12 =V7.58/12=2.16

Raormom

SoF,= 1/4 ' [1-(h/140 )] = 1/4 (2000) [1-(120/(140)(2.16))2] = 421 psi

M, = (D(18.9)(10)/8 + [(4)(43.65)(5)[(2)(10) - 51/(2)(10)]/(2)(43.65)

= 945 ft-lbs + 4911 ft-1bs = 5856 ft-lbs

Calculate section modulus for T-beam section of wall.
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Elevation Sample Calculation Step 5: Design of New Foundation Wall

4 N

Elevation Sample Calculation

Area (in.?) S Ad Ad’ L (@),
(1) 1.25x48 = 60 625 37.5 23.44 7.81 31.25
(2.)8"x6.75"= _54 381 205.74  783.87  205.03 988.90
114 243.24 1020.15 in*

y=243.24/114=2.13"

Lay =1 - Ay?=1020.15 - (114)(2.13)* = 502.94 in*

S=Ty,,/y=50294/2.13 = 236.12 in’

f. = M/S = (5856 ft-1bs)(12 in/ft)/236.12 in* = 298 psi

F = 1/31' =667 psi

Check combined bending & axial load using interaction formula:

t/F +f/F, <1 where32.2/421 +298/667 <1 OK (by inspection)

R,orrom = [43.65)(5)[(2)(10) - 51/(2)(10) + 18.9(10/2)](4) = 1032.8 lbs

R op = (D[(18.9)(10) + (43.65)(5)] - 1032.8 = 596.2 lbs

f, (at base of wall) = V/bd = 1032.8 Ibs/(7.5)(12) = 11.5 psi

F =50psi OK,>f

A\
‘)< 2 x 12 Ficor Joists
Sipie L
T sl izpeon Reaction R, must be resisted by attachment of
. ! l‘ floor diaphragm to wall by bolts and wood sill plate.
|
1 b
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Chapter VI: General Design Practices

Elevation

Elevation Sample Calculation

Investigate pure bending of wall:

M = kbd? where M =5856 ft-Ibs or 70272 in-lbs, b = 48", d = 3.81"
k = 70272 in-1b/(48)(3.81)* = 100.85 psi

k - pfj=(A/bd) fj.k=n/ntr wheren=EJ/E & r=f/f
n=29x1091.8x 10°=16.1 r=24,000/2000 =12
k=16.1/(16.1+12) =.573,j=1-Kk/3=1-.573/3 = 809

So, reqd. A for M = 5856 ft-1b and 48" wide T-beam is:

A,.s = (b)) j =(100.85)(48)(3.81)/(24,000)(.809) = .95 in’ Né}é’o— 1-#4BAR
= U, m-

Try #5 @ 24" o.c. (A = 0.31 x 3 in’ to satisfy requirement)

Now T-beam shape is:

M = (2)(18.9)(10)/8 + [(2)(43.65)(5)[(2)(10) - 5]/(2)(10)]* /(2)(43.65)

=473 ft-lbs + 1228 ftlbs = 1701 ft-lbs
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Elevation Sample Calculation Step 5: Design of New Foundation Wall

\

( Elevation Sample Calculation

Revised section modulus:

Area (in.%) ) Ad Ad* L (1),
(1) 1.25x24= 30 625 18.75 11.72 3.91 15.63
(2.) = 54 381 205.74  783.87  205.03 988.90
84 224.49 1004.53 in*

y = Ad/A=22449/84=2.67"

[=1 - Ay?=1004.53 - (84)(2.67)> = 405.7

S=Iy=405.7/2.67=151.95 in’

f,=M/S = (1701)(12)/151.95 = 134 psi  Still OK, < F, = 667 psi

R, orrom = 516.4 1bs

R, =298.1 Ibs

k=(1701)(12)/(24)(3.81)2 = 58.6

A = (58.6)(24)(3.81)/(24,000)(.809) = .276 in? < 31(1-#5) OK

Use I-#5 (@ 24" o.c. to resist bending out-of-plane.

Bolt Design

Shear at top of wall = 298.1 Ibs/2' or 149 Ib/ft

Check shear capacity of 1/2" ¢ A307 A.B. in southern pine sill plate. Use National

Design Specification for Wood, 1997 edition, Table 8.2A. Try sill plate 2"x6" so side

member = 1-1/2", main member = 3", shear perpendicular to grain = 400 lbs. Modify

value with adjustment factors for connections.

SoZ'= ZCdeCICgCA = (400)(1.6)(1.0)(1.0)(1.0)(1.0) = 640 Ibs
S 30 of 35
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Chapter VI: General Design Practices

Elevation

Elevation Sample Calculation

Bolt spacing = 640 1bs/149 Ibs/ft = 4.29' or 51.5 n, use 48" max.

Edge distance of bolt 4D = 4(1/2") =2"

Check bending of sill plate with bolts @ 4' o.c.

M = (149 1b/ft)(4)*/8 = 298 ft-1b

Sy 2X6 =7.56 in® (bd*/6 = (1.5)(5.5)%/6 = 7.56 in’)

f, = M/S = (298)(12)/7.56 = 473 psi

F, for southern pine = 1050 psi (No. 1 select structural) f <F_ OK
Check pullout of A.B. Uplift Force = 10.9k(10")/(60")(30") = 60.6 Ib/ft
For anchors spaced 4' o.c., uplift force = 242 Ib/bolt

8" CMU wall w/#5 @ 24" o.c. centered on grouted cell - 2,000 psi masonry (f’m) is
acceptable.

Step6:  Design top of wall connection. (Checking anchor bolts for pullout from masonry)

Try 1/2"¢ A307 anchor bolts @ 4'-0" o.c. [{

uplift on bolt = 242 Ib/bolt L

try 1/2" ¢ A307 anchor bolt, area of bolt, A, =0.2 in® " .
edge distance, | = 75/8 /2 - 12/2 = 3.56" T /‘g*—’%
embedment, 1, = 4" (chosen)
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Elevation Sample Calculation Step 6: Design Top of Wall Connection

N
[ Elevation Sample Calculation
Reference:  ACI 530-99 Section 2.1.2
Ap = min (nl* or 7t %) = 7(3.56)* = 39.8 in’
allowable load in tension,
0.5(A VT,
Bo = min oo,
where:
A, = Area of Anchor Bolt
' = Compressive Strength of Masonry
f, = Yield Strength of Anchor Bolt
for this anchor bolt pattern,
B, = min (((0.5)(39.8)(2000))"),(0.2)(30ksi)) = 890,800 = 1200 Ibs > 242 Ibs OK
allowable load in shear,
- 1350((f 'm) AN
B, =min g 04,
where:
A, = Area of Anchor Bolt
f'm = Compressive Strength of Masonry
fy = Yield Strength of Anchor Bolt
for this anchor bolt pattern,
B, = min (350((2000)0.2)*),(0.12(0.2)(30ksi)) = 1565, 720 = 720 Ibs > 298.1 Ibs OK
Per ACI 530-99 Section 2.1.2.2.4, the combined ratio is
b,
%— B =1.33 (with 1/3 increase for wind/seismic per Section 2.1.1.1.3)
where:
b, = Actual Bolt Tension
b, = Actual Bolt Shear
B, = Allowable Bolt Shear
B, = Allowable Bolt Tension
- 32 0of35 y
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Chapter VI: General Design Practices

Elevation

Elevation Sample Calculation

SAMPLE DETAILS

Minimum Reinforcement Required by Code for Seismic Zone 2
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Elevation Sample Calculation Sample Details

Elevation Sample Calculation

Sample Foundation Detail

, FINISH VARIES
% 2" soLE pLaTE
! / ~SUBFLOOR

SIBING ==y \4

] q
L F - —
ANCHOR BOLTS o Mldih |
4-90 0O.LC. w:t:; T, ——ANGLE CLIP
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A~

6" EMBEDMENT !
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g BN TR cRouT
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Sample Detail of End Wall
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Chapter VI: General Design Practices

Elevation

~

Elevation Sample Caiculation

Sample End Wall Detail for Higher Loads

—— WALL STUDS

/— SOLE PLATE
ANGLE CONNECTOR

EXTERIOR -
SHEATHING / /— SUB-FLOOR
HEADER / 3

ANCHOR BOL T—H "E LFLDDR JoIsTS

2§ P\ SILL PLATE

FOUNDATION WALL

o I

IMPROVED CONNECTOR SYSTEM
1 a ) 2 3
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Construction Considerations

CONSTRUCTION CONSIDERATIONS

E™

Guidance on the selection of an
elevation or relocation contractor
1s provided in Chapter VI-R,
Relocation.

PRIOR TO LIFTING ANY HOUSE

Obtain all permits and approvals required.

Ensure that all utility hookups are disconnected (plumb-
ing, phone, electrical, cable, and mechanical).

Estimate the lifting load of the house.

Identify the best location for the principal lift beams,
lateral support beams, and framing lumber, and evaluate
their adequacy (generally performed by a structural
engineer or the elevation contractor).

SLAB-ON-GRADE HOUSE, NOT
RAISING SLAB WITH HOUSE

Holes are cut for lift beams in the exterior and
interior wall.

Main lifting beams are inserted.
Holes are cut for the lateral beams.
Lateral beams are inserted.

Bracing 1s installed to transfer the loads across the
support walls and lift remaining walls.

Jacks are moved into place and structure is prepared for
lifting.
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Chapter VI: General Design Practices

Elevation

+ Straps and anchors used to attach house to slab-on-
grade are released.

* The house is elevated and cribbing installed.

* Slab around edges is removed to allow for new founda-
tion.

* The new foundation is constructed.

* New support headers and floor system are installed.

* Any required wind and seismic retrofit is completed.

* House is attached to new foundation.

* All temporary framing is removed, holes are patched.

* Reconnect all utilities.

« Construct new stairways and access.

* Floodproof all utilities below the FPE.

SLAB-ON-GRADE HOUSE, RAISING

SLAB

+ Trenches are excavated for placement of all Support
beams beneath slab.

* Lifting and lateral beams are installed.

* Jacks are moved into place and the structure is prepared
for lifting.

* The house is elevated and cribbing installed.
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Construction Considerations

» The new foundation is constructed.

* Any required wind and seismic retrofit is completed.
* House is attached to new foundation.

» Support beams are removed.

» Access holes are patched.

* Reconnect all utilities.

» Construct new stairways and access.

*  Floodproof all utilities below the FPE.

L HOUSE OVER CRAWLSPACE/
BASEMENT

* Remove masonry necessary to allow for placement of
support beams.

+ Install main lifting beams.
« Install lateral beams.

+ Jacks are moved into place and the structure is prepared
for lifting.

» All connections to foundation are removed.
» House is elevated and cribbing installed.

« Existing foundation walls are raised or demolished

can handle the new loads.
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Chapter VI: General Design Practices

Elevation

* New footings and foundation walls are constructed if
the existing foundation walls/footings cannot withstand
the additional loading.

* Backfill basement where appropriate.

* House is attached to new foundation.

*  Support beams are removed.

* Access holes are patched.

* Reconnect all utilities.

» Construct new stairways and access.

» Floodproof all utilities below the FPE.

HOUSE ON PILES, COLUMNS, OR

PIERS

If the house is to remain in the same location, the house

will most likely need to be temporarily relocated to allow

for the footing and foundation installation. If the house is

being relocated within the same site, the footings should be

constructed prior to moving the house.

* Install main support beams.

 Install lateral beams.

* Jacks are moved into place and the structure prepared
for lifting.

* House 1s elevated and cribbing installed.
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Construction Considerations

+ If'the house is being relocated, see the Chapter VI
relocation section.

* House is attached to new foundation.
* Remove support beams.

* Reconnect all utilities.

* Construct new stairways and access.

*  Floodproof all utilities below the FPE.
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FLOODWALLS

A properly designed and constructed floodwail can often be an effective device for
repelling floodwaters. Floodwalls are typically used in three roles:

+ as a barrier against inundation,

+ as a defense for unequalized hydrostatic and hydrodynamic loading situa-
tions, and

+ to deflect debris and ice away from the structure.

The selection of a floodwall design is primarily dependent on the type of flooding ex-
pected at the building’s site. High water levels and velocities can exert hydrodynamic
and hydrostatic forces and impact loads, which must be accounted for in the floodwall
design. The composition of any type of floodwall must address three broad concerns:

»  Overall stability of the wall as related to the external loads,
» Sufficient strength as related to the calculated internal stresses, and
« Ability to provide effective enclosures to repel floodwaters.

These internal and external forces pose a significant safety hazard if floodwalls are not
properly designed and constructed, or their design level of protection is overtopped.
Additionally, a tall floodwall can become very expensive to construct and maintain and
can require additional land area for grading and drainage. Therefore, in most instances,
residential floodwalls are practical only up to a height of three to four feet above existing
grade, although residential floodwalls can be and are engineered for greater heights.

b o

Under NFIP regulations,
floodwalls cannot be used to
bring non-compliant structures

mto rvnnwp]ianr‘p
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Chapter VI: General Design Practices

Floodwalls

Figures VI-F1| and VI-F2 illustrate the use of floodwalls in
residential applications. Figures VI-F3 and VI-F4 illustrate
Placement of floodwalls in the several types of tloodwalls including gravity, cantilever,
floodway and within V Zones is not buttress, and counterfort. The gravity and cantilever flood-
allowed under NFIP regulations. walls are the more commonly used types.

&s
X
H
A

- oy ~
hame (O f_.'h_,'.

Figure VI-F1: Typical Residential Floodwail
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Types of Floodwalls

Floodwall Types

Gravity Wall Cantilever Wall

Figure VI-F3: Gravity and Cantilever Floodwalls

Alternative Floodwall Types

Buttress Counterfort

Figure VI-F4: Buttress and Counterfort Floodwalls

GRAVITY FLOODWALL

A gravity floodwall depends upon its weight-as its name
implies—for stability. The gravity wall’s structural stability
is attained by effective positioning of the mass of the wall,
rather than the weight of the retained materials. The grav-
ity wall resists overturning primarily by the dead weight of
the concrete and masonry construction. It is simply too
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Floodwalls

Frictional forces between the concrete base and the soil
foundation generally resist sliding of the gravity wall. Soil
foundation stability is achieved by ensuring that the struc-
ture neither moves nor fails along possible failure surfaces.
Figure VI-F3 illustrates the stability of gravity floodwalls.
Gravity walls are appropriate for low walls or lightly loaded
walls. They are relatively easy to design and construct. The
primary disadvantage of a gravity floodwall is that a large
volume of material is required. As the required height of a
gravity floodwall increases, it becomes more cost effective
to use a cantilever wall.

Stability of Gravity Floodwalls

A = Height of Floodwali
C = Width of Top

L = Width of Bottom

P = Dead Weight

D

” “— Point of Rotation
) ~ “——+——Base Friction

Figure VI- F5: Stability of Gravity Floodwalls
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CANTILEVER FLOODWALL

b o

Reinforced concrete provides an place or built with concrete block) that utilizes cantilever
excellent barrier in resisting water action to retain the mass behind the wall. Reinforcement of
seepage, since it is monolithic in the wall is attained by steel bars embedded within the
nature. The reinforcement not . 2

concrete or block core of the wall (illustrated by Figure VI-

A cantilever wall is a reinforced-concrete wall (cast-in-

only gives the wall its strength, but
limits cracking as well.

F6). Stability of this type of wall is partially achieved from
the weight of the soil on the heel portion of the base, as
illustrated in Figure VI-F7.

Concrete Cantilever Floodwall Reinforcement

il "

Concrete  [[||| w DFE | » DFE

BIOCKS st Rt Concrete h

or Brick e Wall 7 N

Reinforcing L] Reinforcing >

Concrete Existing ol
sREE /_ Grade f Grade

Concrete Footing Optional Key for Sliding Resistance

Figure VI-F6: Concrete Cantilever Floodwall Reinforcement
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Stability of Cantilever Floodwalls

DFE
K 4
PN 4 2N 2N ZEN T
Dy D,
v KD’-POW of Rotation |
’J/t_/g/(
Uplift e [t—  w— | w— N
Heel (H) | Toe (T) ;\Base Friction

Base Length (L)

Figure VI-F7: Stability of Cantilever Floodwalls

The floodwall is designed as a cantilever retaining wall,
which takes into account buoyancy effects and reduced soil
bearing capacity. However, other elements of a
floodproofing project (i.e., bracing effects of any slab-on-
grade, the crosswalks, and possible concrete stairs) may
help in its stability. This results in a slightly conservative
design for the floodwall but provides a comfortable safety
factor when considering the unpredictability of the flood.
Backfill can be placed along the outside face of the wall to
keep water away from the wall during flooding conditions.

VI-F.6 Engineering Principies and Practices of Retrofitting Flood-Prone Residential Structures
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While the double-faced brick
floodwall application is used on
either side of concrete block with
cores reinforced and grouted,
experience has indicated it is not
as strong or leakproot as mono-
lithic cast-in-place applications.

Figure VI-F8&: Typical Reinforced Concrete Floodwall

Information and details for a
standard reinforeed concrete
floodwall are provided in case
studies 4, 5. and 6 in Chapter VIL

The concrete floodwall may be aesthetically altered with a
double-faced brick application on either side of the mono-
lithic cast-in-place reinforced concrete center (illustrated in
Figure VI-F8). This reinforced concrete core is the princi-
pal structural element of the wall that resists the lateral
hydrostatic pressures and transfers the overturning moment
to the footing. The brick-faced wall (illustrated in Figures
VI-F9 and VI-F10) is typically used on homes with brick
facades. Thus the floodwall becomes an attractive modifi-
cation to the home. In terms of the structure, the brick is
considered in the overall weight and stability of the wall
and in the computation of the soil pressure at the base of
the footing, but is not considered to add flexural strength to

the floodwall.
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Figure VI-F9: Typical Section of a Brick-Faced Concrete Floodwall
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Figure VI-F10: Typical Brick-Faced Concrete Floodwall

When the flood protection elevation requirements of a

gravity or cantilever wall become excessive in terms of

material and cost, alternative types of floodwalls can be

examined. The use of these tfloodwall alternatives is

generally determined by the relative costs of construction
1

and materials and amount of reinforcement required.

COUNTERFORT FLOODWALL

A counterfort wail is similar to a cantilever retaining wall,
exeept that it can be used where the cantilever is long or
when very high pressures are exerted behind the wall.
Counterforts. or intermediate traverse support bracing, are
designed and built at intervals along the wall and reduce the
design forces. Generally, counterfort walls are economical
for wall heights in excess ot 20 feet, but are rarely used in
residential applications.
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Floodwalls

BUTTRESSED FLOODWALL

A buttressed wall is very similar to a counterfort wall. The
only difference between the two 1s that the transverse
support walls are located on the side of the stem, opposite
the retained materials.

The counterfort wall is more widely used than the buttress
because the support stem is hidden beneath the retained
material (soil or water), whereas the buttress occupies what
may otherwise be usable space in front of the wall.
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FIELD INVESTIGATION

Detailed information must be obtained about the site and
existing structure to make decisions and calculations
concerning the design of a floodwall. The designer should
utilize the guidance presented in this chapter where detailed
information and checklists for field investigation are pre-
sented. Key information to collect includes the low point
of elevation survey, topographic and utilities surveys,
hazard determinations, local building requirements, and
homeowner preferences. Once the designer has developed
the above-mentioned low point of entry and site and utility
survey information, a conceptual design of the proposed
floodwall can be discussed with the homeowner. This
discussion should cover the following items:

»  Previous floods and which areas were flooded or af-
fected by floods.

* A plan of action as to which opening(s) and walls of the
structure can be protected by a floodwall and floodwall

closures.

+ Evidence of seepage/cracking in foundation walls,
which would indicate the need to relieve hydrostatic
pressure on the foundation.

* A plan of action to use a tfloodwall to relieve hydro-
static pressure on the foundation and other exterior
walls.

+  The various floodwall options and conceptual designs
that would provide the necessary flood protection.
Obtain consensus on the favored type, size, location,
and features of the floodwall(s).

+ A plan of action as to which utilities need to be adjusted

or floodproofed as a result of the floodwall.
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* A plan of action for construction activity and access/
egress to convey to the owner the level of disruption to

be expected.

The designer of a floodwall should be aware that the con-
struction of these measures may not reduce the hydrostatic
pressures against the below-grade foundation of the struc-
ture in question. Seepage beneath the floodwall and the
natural capillarity of the soil layer may result in a water
level inside the floodwall that is equal to or above grade.
This condition is worsened by increased depth of flooding
outside the floodwall and the increased flooding duration.
Unless this condition is relieved, the effectiveness of the
floodwall may be compromised. This condition is illus-
trated in Figure VI-F11.

]

2nd Floor Pressure

Hydrostatic

on Wall

1st Floor Patio

Floodwall
M DFE

Seepage and
Capillary Action

' Buoyancy i

Zone of
Phreatic Surface  Saturated Soil

Figure VI-F11: Seepage Underneath a Floodwall

It is important that the designer check the ability of the
existing foundation to withstand the saturated soil pressures
that would develop under this condition. The computations
necessary for this determination are provided in Chapter

IV.
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Determination of an appropriate
distance from the structure for the
floodwall is a function of the depth
of the foundation. The deeper the
lowest level of the structure, the
further away the floodwall should
be placed.

The condition can be relieved by installation of foundation
drainage (drainage tile and sump pump) at the footing level,
and/or by extending the distance from the foundation to the
floodwall. The seepage pressures can also be decreased by
placing backfill against the floodwall to extend the point
where floodwaters submerge the soil, but the effectiveness of
this measure depends on the relative characteristics of the
soils in the foundation and the backfill. The design of foun-
dation drains and sump pumps is presented in the Chapter VI
Dry Floodproofing section.

Computation of the spacing required to obviate the problem
is a complicated process that should be done by an experi-
enced geotechnical engineer. Figure VI-F12 illustrates the
change in phreatic surface as a result of increasing the dis-
tance between the foundation and the floodwall and/or the
installation of a foundation drain and sump pump system.

|
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Figure VI-F12: Reducing Phreatic Surface Influence by Increasing Distance from Foundation

to Floodwall
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