
 
 

 

 

 

 

National Flood Insurance Program  

 

 

Fargo Basement Exemption (Rating Credit) 

Federal Authorization  

 

 

 

 

 



















































































































































C I T Y  O F  F A R G OC I T Y  O F  F A R G O

C L A Y  C O U N T YC L A Y  C O U N T Y
M I N N E S O T AM I N N E S O T A

§̈¦94

Sh
ey

en
ne

 R
ive

r

Wi
ld 

Ric
e R

ive
r

C A S S  C O U N T YC A S S  C O U N T Y
N O R T H  D A K O T AN O R T H  D A K O T A

Sources: Esri, DeLorme, NAVTEQ, USGS, Intermap, iPC, NRCAN, Esri Japan, METI, Esri China
(Hong Kong), Esri (Thailand), TomTom, 2013

K
0 1 2 3 4 5 Miles

1 inch = 2 miles June 13, 2014

LEGEND

DEPTH OF 0.1% CHANCE FLOOD
AFTER (JANUARY 16, 2015)

Depth Class (Feet)
3 or Less
3.1 to 5.0
5.1 to 5.4
5.5 to 5.9
6.0 and up

City of Fargo and ETJ



  

             TECHNICAL MEMORANDUM    1 
 

 
 

TECHNICAL MEMORANDUM 

 
To: Nathan Boerboom, P.E., CFM  
 City of Fargo 

From: C. Gregg Thielman, P.E., CFM  
 Houston Engineering, Inc.  

Subject: Mapping of Floodwater Velocities 

Date: November 19, 2014 

HEI Project: 6059-081 

 

ANAYLSIS 

The City of Fargo contracted with Houston Engineering, Inc. to map floodwater velocities that would be 

experienced with in the city of Fargo during the preliminary FEMA 1% annual chance flood (Effective 

date projected to be 1/16/2015).  To perform the analysis, the results from four different HEC-RAS 

models were used in order to map the overbank and channel velocities for the incorporated areas of 

Fargo, ND.  The four models are; Fargo to Oakport Preliminary FIS model, Southern Cass/Clay FIS model, 

Wild Rice FIS model, and the Cass County Drain 53 model.   

 

The model cross sections, bank stations, and the channel and overbank velocities were exported from 

the HEC-RAS models.  The cross sections were then broken up by the bank station locations in order to 

create three separate corridors, one for the channel, one for the left overbank area, and one for the 

right overbank area.  For the areas between cross sections, the boundary between the two corridors 

was delineated using LiDAR to determine the approximate river bank locations consistent with the bank 

stations in the HEC-RAS model cross sections.  Using the corridors and the channel and overbank 

velocities, polygons were created to represent the velocities at a given location.  Any areas that would 

be flooded due to backwater or areas where the floodwaters would not have any velocity (ineffective 

flow areas) were removed from the velocity mapping and are shown as the 1% Chance Floodplain.  For 

areas along the Sheyenne River, where the effective FIS hydraulic models are not available, velocity data 

from the Floodway Data Tables was used to map the floodwater velocities. 

 

Color shading was used on the mapping to differentiate between ranges of velocities.  PDF maps were 

created to display the floodwater velocities.   
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November 20, 2014 

Nathan Boerboom, PE 
Civil Engineer 
City of Fargo 
200 North 3rd Street 
Fargo, ND 58102 

Re:  City of Fargo Project #MS-14-71-Floodproof Basement Structural Review 

Dear Mr. Boerboom:  

KLJ was asked to review the structural requirements of the City’s existing Floodproofing Code.  Our 
review included a literature review of the documents used to generate the existing floodproofing 
code, comparison of the existing floodproofing code to current industry practices and building 
codes, and analysis of basement wall designs included in the existing floodproofing code.  A 
summary of our findings and resulting conclusions are provided in the following sections. 

Floodproofing Document Review 

The following is a summary of our review of the documents prepared for and in regards to the 
existing Floodproofing Code. 

1. Structural Evaluation of Basement Walls for Single Family Dwellings Under Hydrostatic 
Loading for The Fargo-Moorhead Home Builders Association Fargo, North Dakota by S. 
Bruce Langness (August 1974). 

a. The report reviewed three basement wall details common to the Fargo area. 
b. Design was reviewed using the Uniform Building Code (current edition) and the 

American Concrete Institute (ACI) 318-71. 
c. Determined the typical hydrostatic pressure for soils in the area was 120 pounds 

per cubic foot/foot depth (PCF/FT) when fully saturated. 
d. Seepage would be a week with newly backfilled home and a month for older 

homes. 
e. The hydrostatic swell pressures in the clay would develop prior to hydrostatic 

loading and would not act concurrently.  Hydrostatic pressures would be the 
controlling pressure against the walls. 

f. The analysis only focused on the 8” concrete wall. 
g. The design parameters included: 

i. Wall height = 7’-6” 
ii. Wall thickness = 8” 
iii. Hydrostatic pressure equal to zero at bottom of window sill 
iv. Wall is simply supported at the top and bottom 

  



 

 Page 2 of 31  

v. Minimum reinforcing based on the UBC and ACI: 
1. Vertical = #4 at 18” on center 
2. Horizontal = #4 at 12” on center 
3. Two (2) #5 bars extending 24” outward from each corner of 

openings 
vi. Clear distance from the outside face = 6” 

h. In conclusion, the report stated that if the walls were to be reinforced, they should 
follow the minimum requirements of the UBC and the ACI.  However, the author 
also states the three details of the typical basement construction in the Fargo area 
performed satisfactory in the past and “no significant problems occurred with cast-
in-place concrete walls because of this flood [1969].” 

2. Engineering Report of Existing Basements of Single Family Dwellings Under Hydrostatic 
Loading by the 1969 Flood for The Fargo-Moorhead Home Builders Association and Fargo-
Moorhead Board of Realtors Fargo, North Dakota by S. Bruce Langness (December 1974). 

a. The report was generated to review performance of basement construction during 
the 1969 flood and prepare design recommendations for future construction. 

b. The study included the visual observation of seven basements in the Red River 
Valley that sustained flood damage.  The homeowners interviewed at the time the 
study were the same during the 1969 flood.  The homes ranged in age from 6 to 20 
years old. 

c. The report stated 207 homes sustained flood damage during the flood, but none of 
the homes had structural damage.  Some of the homes sustaining flood damage had 
been intentionally flooded with clean water to relieve hydrostatic loading on the 
basement walls. 

d. The exterior grade on the basements surveyed was within 8 to 10 inches below the 
top of the basement wall.  The height of the flood water against some of the 
basements was 12 inches above the existing grade.  This led to the conclusion that 
future basements should be constructed with existing grade being below the 
bottom of the window openings and above the 100 year flood elevation. 

e. The height of the flood waters in the 1969 flood were estimated to be 6-12 inches 
below the 100 year flood elevation. 

f. All of the walls surveyed performed satisfactory but none of them met the 
minimum reinforcing criteria for the ACI and were therefore classified as 
unreinforced walls. 

g. Study determined the existing wall construction would not be adequate to 
withstand fully saturated hydrostatic pressures (120 PCF/FT) identified in a 
previous report, and concluded the pressure on the walls was being relieved by the 
subsurface drainage system.  However, it also stated that in the future the walls 
should be designed to accommodate the fully saturated hydrostatic pressure 
conditions. 
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h. Temperature and shrinkage cracks were found to exist in all of the walls studied.  
However, the presence of the cracks did not lead to seepage from the exterior 
flood waters.  The author stated these cracks are common and are not cause for 
concern, but additional temperature and shrinkage reinforcement could be 
installed in the walls to minimize the cracks in the future. 

i. The author concluded that uplift pressures imposed by the flood waters on the 
basement slab could be controlled with the presence of drain tile below the slab 
placed in a coarse granular fill.  The drainage system should be designed to 
accommodate a flow of 8-40 gallons of water per hour. 

j. The study concluded that past performance of typical basement construction in the 
Red River Valley has performed satisfactorily without any significant structural 
damage.  However, future consideration should be given to the following: 

i. Exterior backfill should consist of well compacted, clayey soils. 
ii. Utility trenches adjacent to basements should be backfilled with well 

compacted, clayey soils. 
iii. Drainage systems should be installed around the perimeter of the basement 

walls and below the basement slab. 
iv. Analysis of basement walls for fully saturated hydrostatic pressures. 
v. The bottom of window openings should be kept above grade and above the 

100 year flood elevation. 
vi. Temperature and shrinkage reinforcing could be added to the walls to 

minimize shrinkage cracks. 
3. Investigation of Basement Construction in Fargo, North Dakota and Moorhead, Minnesota, 

Area by NAHB Research Foundation, Inc. (June 1975). 
a. This document was prepared in response to the proposed Floodproofing Code 

drafted by the City of Fargo by the National Association of Home Builders. 
b. The authors infer that the intent of the previous two documents reviewed herein 

was not to modify the design of floodproofed basement walls to withstand an 
hydrostatic pressure of 120 PCF, but rather to illustrate the walls currently being 
built have performed well and have not been subjected to this high of pressure. 

c. According to the authors, basement construction in the area would cease to exist if 
the design requirements were increased to 120 PCF as the cost of the basement 
construction would likely triple.  In addition, they suspect the basement floor slab 
would need to be increased to nearly 27 inches in thickness to withstand buoyancy 
forces generated by hydrostatic pressures of 120 PCF. 

d. Recommendations for modifying the proposed Floodproofing Code for the City of 
Fargo included in the document are summarized as follows: 

i. The minimum elevation to the bottom of openings in basement walls should 
be kept 6 inches above the base flood elevation and the exterior grade 
shall maintain a minimum slope of 5 percent within the first 10 feet from a 
basement. 
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ii. The vertical reinforcing shall be placed 2 inches from the inside face of the 
wall.  The horizontal reinforcing shall overlap a minimum of 12 inches at 
the corners.  The #4 dowels used to connect the wall to the footing shall 
have a vertical leg of 24 inches and horizontal leg of 5 inches.  There 
should be two #4 bars placed around each opening that extend a minimum 
of 12 inches beyond the opening. 

iii. The concrete parameters should be identified in the Code. 
iv. The design should follow the ACI 322-72 for structural plain concrete. 
v. The height of the soil against the walls should be assumed to be 5’-4” 

above the basement floor slab for 2,500 PSI concrete. 
vi. The sump pump criteria should be specified, including the provision for 

four (4) connections between the interior and exterior drain tile. 
vii. The backfill for basement walls and utility trenches should be Unit 3 soils, 

clayey and impermeable, and well compacted. 
e. Additional studies were identified as follows: 

i. Determination of proper compaction requirements to maintain 
impermeable nature of soils. 

ii. Establishment of equivalent lateral earth pressure for soils native to the 
area which should include a seepage analysis. 

iii. Determine percolation rates of the soil into the drainage system around the 
perimeter of the basement. 

f. Documents included in the Appendix are as follows: 
i. Appendix A is a list of field notes regarding the NAHB visit to Fargo on May 

19-23, 1975. 
ii. Appendix B includes a letter to Mr. Hugh Angleton of Laboratory Services 

from Mayor Richard A. Hentges of the City of Fargo regarding updated 
estimates to the number of homes sustaining flood damage in the 1969 
flood. 

iii. Appendix C includes design calculations prepared by Ulteig Engineers, Inc. 
presumably by S. Bruce Langness dated August 8, 1974. 

1. Calculations are based on an 8” concrete wall with a height of 7’-
6”.  The finished grade is assumed to be 8” below the top of the 
wall and the 100 year flood elevation is 2 feet below the top of the 
wall.  The wall was assumed to be simply supported. 

2. The equivalent saturated soil pressure is assumed to be 120 PCF 
below the 100 year flood elevation and 77 PCF above this 
elevation.  The average factored equivalent fluid pressure was 
determined to be 144 PSF/FT or PCF. 

3. The analysis determined the vertical reinforcing to be #4 bars 
spaced at 18” on center and horizontal reinforcing to be #4 bars at 
12” on center. 
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4. Calculations were not included for the connections at the top and 
bottom of the wall. 

5. Three details accompanied the calculations that included a typical 
basement wall section, basement floor and reinforcing plan, and 
basement floor reinforcing details.  The floor slab is shown to be 
placed integral with the basement slab and is 7” thick and 
reinforced with #7 bars at 9” on center in each direction.  The wall 
and floor sections call for PVC waterstop to be placed at the 
intersection of the walls and floor. 

iv. Appendix D is photographs of typical home construction in the Fargo area. 
v. Additional reports and letters are attached to the end of the document and 

include: 
1. Letter to the U.S. Department of Housing and Urban Development 

from Mr. John Wambheim the Executive Secretary of the Fargo-
Moorhead Builders & Realtors dated December 11, 1974. 

2. Engineering Report of Existing Basements of Single Family 
Dwellings Under Hydrostatic Loading by the 1969 Flood for The 
Fargo-Moorhead Home Builders Association and Fargo-Moorhead 
Board of Realtors Fargo, North Dakota by S. Bruce Langness 
(December 1974). 

3. Letter from Edwin D. Foss of Camrud-Foss Construction Co., Inc. to 
Mr. John Wambheim of the Fargo-Moorhead Home Builders 
Association dated August 27, 1974. 

4. Flood Proofing Code of the City of Fargo, North Dakota by Moore 
Engineering, Inc. (December 9, 1975). 

4. Addendum to Investigation of Basement Construction in Fargo, North Dakota and 
Moorhead, Minnesota, Area by NAHB Research Foundation, Inc. (August 1975). 

a. Members of the NAHB visited Fargo after a flood in July 1975 to review 
performance of four (4) homes constructed in conformance with the proposed City 
of Fargo Floodproofing Code.  The homes were recently constructed, and only one 
of them was finished.  All four homes were constructed with the interior and 
exterior drainage system, but only the finished house had a sump pump installed.  
In all cases, the NAHB observed the flow of water into the sump from the drain tile 
to be “a steady trickle”. 

b. The report also includes comparison between Floodproofing Codes prepared by the 
Cities of Grafton and Fargo, North Dakota.  It determined the main difference was 
in regards to the height of backfill above the basement floor elevation.  The 
Grafton Code used 6’-7” whereas the Fargo Code referenced 5’-4”. 

c. The report concluded the use of a hydrostatic pressure of 120 PCF is conservative 
due to the low probability that this will occur due to the installation of the 
drainage system.  A pressure of 90 PCF was determined to be more reasonable. 
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d. Two design charts are provided for 7’-6” and 8’-0” tall basement walls 
respectively.  The charts provide maximum backfill heights for given lateral 
pressures and concrete strengths. 

5. Flood Proofing Code of the City of Fargo, North Dakota by Moore Engineering, Inc. 
(December 9, 1975). 

a. Chapter 5 discusses the Flood-Proof Construction Types.  The types of construction 
under consideration for the purpose of this report are considered Type FP 2.  Based 
on Table 1 waterproofing is required to be Type D and structural loads are Class 4. 

b. Type FP 2 construction shall meet the requirements found in Figures 1a, 1b, 2a and 
2b of the document.  The minimum elevation of an opening shall be 6” above the 
flood protection elevation.   Wall penetrations are only allowed when enclosed by a 
window well per Figures 2a and 2b.  Backfill shall consist of clayey soils and be well 
compacted.  An underdrain system shall be provided as per Figures 1a and 1b.  The 
basement walls are to be design as structural plain concrete as per ACI 322-72 with 
a minimum concrete strength of 3,000 psi and minimum reinforcing strength of 
40,000 psi. 

c. Chapter 6 covers waterproofing requirements.  For Type FP 2 structures, Type D 
waterproofing is recommended.  This includes two (2) coats manufactured by 
Southwest Grease, Kansas City Missouri (fortress foundation coating or equal).  The 
waterproofing “shall be substantially impermeable to the passage of free ground 
water.” 

d. Chapter 7 covers the structural requirements for floodproofed structures. 
i. Class 4 loads required for FP 2 construction are “those loads required by 

the Building Code.” 
ii. Section 7.03 covers the types and definitions for water loads.  Section 

7.03.e discusses when hydrostatic and hydrodynamic loads are required to 
be used.  When water velocities exceed 5 feet per second (fps), only 
hydrostatic loads need be applied to a structure. 

iii. Section 7.04 discusses the impact loads.  Based on our review of the impact 
load definitions, these do not apply to homes constructed as per Exhibits A 
and B in the Floodproof Construction Requirements for the City of Fargo 
(March 2014).  With a 15 foot setback and freeboard of +0.7ft above WSEIA 
elevation, flood waters should not reach the buildings. 

iv. As per Section 7.05:  Soil Loads, buildings should be designed to 
accommodate soil loads based on “accepted engineering practice.”  The 
soil loads should account for “presence of flood water, above or within the 
soil.” 

v. The building code in effect at the time the building is constructed should 
be used to determine the design loads and load combinations.  Section 7.07 
states the dead, snow and wind loads determined from the building code 
should be used in full intensity when considering flood loads.  Live loads 
can be reduced per the building code, and should be used when their 
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effects generate greater stresses than without.  Seismic loads do not have 
to be considered in conjunction with flood loads. 

vi. If a soils report is not available for the site, the prescriptive methods for 
soil bearing pressures included in the building code can be used with a 10 
percent reduction from the capacities provided.  Effects of buoyancy shall 
be included when analyzing soil bearing capacities under flood conditions. 

vii. Structures should be designed with a factor of safety of 1.5 and 1.33 for 
overturning moments and uplift pressures generated by flood waters 
respectively.  Only the dead load shall be included in the calculations. 

viii. Uplift pressures are able to be reduced per Section 7.11 to provide a more 
economical structural design.  This can be done by waterproofing 
membranes along the exterior of the foundation, subsurface foundation 
drainage, and sumps with pumps. 

6. 24 Years of Successful Floodproofing in the Red River Valley of North Dakota and 
Minnesota by S. Bruce Langness, Jeff Klein, Mark Bittner, Ron Strand, and Vernon Tomanek 
(No Date, created post 1997 flood). 

a. The report studied the evolution of the performance of basements in the Red River 
Valley since the inception of the 1975 Floodproofing Code in Fargo, North Dakota. 

b. The Code in use at the time of the study was the 1995 Floodproofing Code. 
c. The City had just undergone one of the largest floods in the history of the City in 

1997, and homes constructed with the 1995 Code sustained no damage (structural 
or wet basements).  The 1997 flood elevations exceeded the 100 year flood 
elevations by 1.1 to 2.2 feet.   

d. The report states the reasons for the success of the Code as follows: 
i. Reinforced concrete construction 
ii. Low permeability of the soils 
iii. Installation of an interior and exterior drainage system 
iv. Raised elevation of grade around basement 
v. Minimum elevation of basement floor must be less than or equal to 5 feet 

below base flood elevation 
vi. No openings are allowed below the base flood elevation 

e. Walkout basements were eliminated with the adoption of the 1975 code. 
7. U.S. Army Corps of Engineers Flood Proofing Regulations, EP 1165-2-314 (December 15, 

1995). 
a. Based on Section S210.2, homes constructed in the Fargo area with basements or 

partial basements would have a building classification FP2, and the space 
classification would be W1 or W2 for completely dry and partially dry spaces 
respectively. 

b. Table 2 in Section 402.0 provides minimum requirements for waterproofing and 
structural loads.  For a space classification of W2 (essentially dry), a structure 
should have Type B waterproofing and meet Class 1 structural loads. 
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c. Type B waterproofing “shall be substantially impermeable but may pass water 
vapor and seep slightly during flooding to the RFD.”  Seepage water should be less 
than 4” in depth and be controlled with a sump pump. 

d. Class 1 loads include water, impact, and soil loads specified in Chapter 6. 
e. Water loads include hydrostatic and hydrodynamic loads.  Hydrostatic includes 

water above and below ground.  Hydrodynamic includes loads due to moving water.  
As per section 602.5, hydrodynamic loads are only required for velocities exceeding 
5 feet per second.  Hydrostatic loads shall control for velocities below 5 feet per 
second. 

f. Impact loads are described in Section 603.0.  Impact loads are to be applied to a 
structure when “floating debris, ice and any floatable object or mass carried by 
floodwaters” can strike the building. 

g. Structural loads shall be combined based on the applicable building code.  Dead, 
snow and wind loads should be used at full-intensity and live loads can be reduced 
per the building code.  Live loads should only be included when their effects 
increase the stress on a building component.  Seismic loads are not required to act 
concurrent with flood pressures. 

h. If a soils report is not available, the prescriptive methods included in the local 
building code can be used.  The document states the values included in the 
building code should be reduced, but the reduction amount is omitted. 

i. The building shall be designed for a factor of safety of 1.5 against overturning and 
sliding under flood loads.  The building shall also be designed for a factor of safety 
of 1.33 for buoyancy due to flood loads.  Only dead loads should be used as 
resistance. 

j. Uplift pressures can be reduced if waterproofing, foundation drainage, and sumps 
with pumps are provided. 

8. City of Fargo’s Floodproof Construction Requirements (Updated March 2014) 
a. Document references the Fargo Municipal Code Article 21-06 (Flood Plain 

Management) and the Floodproofing Code of the City of Fargo, North Dakota 
(December 9, 1975). 

b. Fill around the basement is required to be +1.2 feet above the 41-foot WSEIA at all 
openings.   

c. The fill around the building is to be +0.7 feet above the 41-foot WSEIA.   
d. Fill within 15 feet of the building shall be at or above the FEMA BFE. 
e. Details are provided for: 

i. Window Well Detail 
ii. Footing and Foundation Wall Plan 
iii. Typical Wall Section 
iv. Deep Window Well 

9. 2014 City of Fargo Code of Ordinances, Chapter 21.1:  International Residential Code. 
a. City of Fargo has adopted the 2012 International Residential Code. 
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b. Section R404.1.2.1 provides amended reinforcing schedules for foundation walls.  
Table R404.1.2(10) includes provisions for walls retaining soils with an active 
pressure of 45 PCF and Table R404.1.2(11) covers walls retaining soils with an 
active pressure of 65 PCF.  Both tables are based on an active soil pressure, which 
is allowed per the Code.  The reinforcing steel has a minimum yield strength of 
60,000 psi and the concrete strength is 3,000 psi.   

c. Figure R404.1.2(1) and Figure R404.1.2(2) are provided for active pressures of 45 
and 65 PCF respectively.  The horizontal reinforcing in both figures is shown to be 
#4 bars spaced at 24” on center.  The vertical reinforcing is shown to be located 
within 1-1/2 and 2-1/2 inches from the inside face of the wall. 

Upon review of the documents included above the following conclusions are provided: 

1. Since 1975, residential structures have performed well under flooding conditions, including 
major floods in 1997 and 2009. 

2. Current building code requirements (2014 City of Fargo Code of Ordinances, Chapter 21.1) 
for reinforcing for residential basement construction exceed requirements provided in the 
City of Fargo’s Floodproof Construction Requirements (March 2014). 

3. Homes are currently being constructed with fill around the basement at 1.2 feet above the 
WSEIA and the FEMA BFE is currently 15 feet away from the home. 

4. Both the Flood Proofing Code of the City of Fargo, North Dakota and U.S. Army Corps of 
Engineers Flood Proofing Regulations, EP 1165-2-314, have similar structural load 
requirements.  Hydrostatic and hydrodynamic loads should be considered for all structures.  
However when flood water velocities are below 5 feet per second, only hydrostatic loads 
need be considered.  In addition, impact loads should be considered when buildings or 
structures can be impacted by debris or other material floating in the flood waters. 

5. Methods for reducing uplift on structures are described in both the Flood Proofing Code of 
the City of Fargo, North Dakota and U.S. Army Corps of Engineers Flood Proofing 
Regulations, EP 1165-2-314 if waterproofing, subsurface drainage and sumps with pumps 
are provided. 

6. Previous calculations did not account for connection at the base slab or top of wall. 

Analysis: 

A full depth analysis is provided in the design guide presented in Appendix 1. 

Conclusions: 

Upon completion of our analysis, it was determined the reinforcing recommendations included in 
Table R404.1.2(11) of the 2014 City of Fargo Code of Ordinances, Chapter 21.1 closely resembled 
the reinforcing requirements of Case B presented in Appendix 1, but exceed the requirements 
originally included in the 1975 Flood Proofing Code of the City of Fargo, North Dakota.  In 
addition, the connection at the top of the foundation wall for a full height basement was analyzed 
for the loads included herein, and it was determined that additional anchor bolts, truss clips and 
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bracing at parallel walls was required to meet the current building codes.  Recommendations are 
also provided to update the waterproofing requirements to reflect current manufacturers and 
systems. 

In conclusion, it is our professional opinion an active equivalent lateral earth pressure of 65 PCF 
(per Braun Intertec, Corp.) be used as the basis of design for floodproofing basement structures.  
Tables and figures are provided in Appendix 1 to assist with construction of the wall construction 
types presented herein.  The design provided in this report is only valid when the following 
conditions are met: 

1. Basement shall be constructed as per Exhibit A in the City of Fargo’s Floodproof 
Construction Requirements (March 2014). 

2. Drain tile or other approved subsurface drainage be provided around interior and exterior 
basement perimeter and tied into an appropriately sized sump pit with a functioning sump 
pump. 

3. The basement shall be waterproofed with the products included in this report (or approved 
equivalents). 

4. In the event overtopping is eminent or the sump pump fails and is not able to be reinstated 
in a timely manner, it is recommended the basements be filled with clean water to 
minimize structural damage as a results of hydrostatic pressure and uplift. 
 

If you have any questions or comments regarding the information included in this report, please 
contact Cassie McNames at 701-241-2317. 

Sincerely, 

KLJ 

 

 

Cassie McNames, PE 
Building Services Sector Leader 

Enclosure(s):  (1) Appendix 1 
cc: April Walker, City of Fargo 

Travis Wieber, KLJ 
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Appendix 1:  Structural Design Requirements for Floodproofed Basements 
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I .  Executive Summary 
KLJ and Braun Intertec, Corp. were asked to review the structural requirements of the City of 
Fargo’s existing Floodproofing Code as they relate to current industry practices and design 
codes.  The existing code has performed well under flooding conditions since its inception and 
has been tested multiple times including major floods of 1997 and 2009.  However, the 
structural requirements have changed very little since it was first created in 1975.  The 
recommendations included herein are based on industry standards and current building code 
requirements. 

I I .  Analysis 
Upon review of documents used to develop previous floodproofing codes, it was determined 
more information should be gathered related to the soils in the Fargo area and how they affect 
the structural design requirements for floodproofing basements.  Braun Intertec, Corp prepared 
a geotechnical evaluation for this report which included a seepage analysis and 
recommendations for lateral earth pressures.  Conclusions drawn from the geotechnical 
evaluation where used to develop the structural design requirements included herein. 

A. Seepage Analysis 

Braun Intertec, Corp. was asked to perform a seepage analysis on the soils in the Fargo, North 
Dakota area.  The results of their findings are included in Appendix A of this report.  A 
summary of Braun’s findings are as follows: 

1) Based on discussions with the Fargo-Moorhead Home Builder’s Association, foundations 
on most lots are currently being built on fairly shallow excavations.  For the Fargo 
area, the soils at this depth are a part of the Sherack formation.  The fill material 
brought in to build up the sites is also typically from this formation. 

2) The soils in the Sherack formation are typically impervious, but some silt lenses are 
known to exist.  The silt lenses can be troublesome as water can travel through them. 

3) Laboratory testing was performed to determine the hydraulic conductivity of the soils 
in the Fargo area.  Hydraulic conductivity is a measurement used to describe the flow 
of water through the soil.  The tests indicate the soils in the Sherack formation have a 
hydraulic conductivity of 1E-4 foot per day vertically.  Observation of local construction 
projects indicates the horizontal conductivity of 1E-3 foot per day.  These numbers 
indicate is the soils in the Fargo area are impermeable and water does not travel well 
through the Sherack.  It should be noted, however, these values reflect well compacted 
material, and realistic values for backfill against homes would be “1 to 2 orders of 
magnitude faster.” 

4) Groundwater elevations vary throughout the year between five to ten feet below 
grade.  Interviews with local homeowners indicated that bi-level basements (four feet 
below grade) had sump pumps that ran only during wet seasons and full depth 
basement sump pumps ran year round. 
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5) A seepage analysis concluded that basements with a 15 foot setback to the BFE (base 
flood elevation) would not infiltrate a house foundation for several months for a 
basement that is nine feet below grade.  It was noted that if flood waters were allowed 
to reach the home during the peak flood the soil could become saturated causing 
hydrostatic pressures to be of concern.  A peak flood was assumed to last “several days 
to 2 weeks before receding.” 

B. Lateral Earth Pressures 

Braun recommends using an active equivalent fluid pressure of 65 pounds per cubic foot (PCF) 
per foot depth for soils in the Sherack formation to design basement walls.  In order for this 
assumption to be accurate, the following criteria must be met: 

1) Basements should have a flexible diaphragm and adequate subsurface drainage for this 
assumption to be accurate.   

2) A wood floor and subfloor above the basement is considered a flexible diaphragm.   

3) Adequate surface drainage must be provided around the perimeter of the home.  If silt 
lenses or sand are found in excavations, the excavations should be over-excavated by 
at least ten feet horizontally from the basement walls and backfilled with fat clay 
soils, similar to that of the Sherack formation. 

4) If flood water comes in contact with the house or backfill or if the drain tile/sump 
pump fails, considerations should be made to flood the basement to minimize 
structural damage due to hydrostatic pressures. 

C. Structural Design Requirements 

KLJ performed an analysis on basement wall construction for full depth basements and bi-level 
basements in Fargo based on the design parameters provided by Braun Intertec and design 
requirements detailed in the U.S. Army Corps of Engineers Flood Proofing Regulations, EP 1165-
2-314.  A summary of the analysis is included in the following sections. 

DESIGN CODES: 

Analysis of basement wall construction shall comply with the following building codes: 

1) 2012 International Building Code (2012 IBC) 

2) 2012 International Residential Code (2012 IRC) 

3) American Concrete Institute 318-11:  Building Code and Commentary (ACI 318-11) 

4) 2012 National Design Specification (2012 NDS) for Wood Construction 

STRUCTURAL LOADS: 

1) Hydrostatic loads on the structure need not be considered with a 15 foot setback to the 
BFE.  Under these conditions, Braun’s seepage analysis determined it would take 
several months to saturate the soil adjacent to the basement walls.  Given that peak 
floods only last about two weeks and homes are being constructed with a subsurface 
drainage system, the probability is very low that flood waters would reach foundation 
walls. 
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2) Hydrodynamic loads on the structure do not need to be considered.  As per the Flood 
Insurance Study booklet prepared by FEMA for Cass County, North Dakota (effective 
January 16, 2015), the mean velocity of the Red River varies between 0.8 and 2.5 feet 
per second.  The U.S. Army Corps of Engineers Flood Proofing Regulations, EP 1165-2-
314 states hydrodynamic loads need only be considered with velocities of five feet per 
second or greater. 

3) Impact loads do not need to be considered as the probability that flood water 
elevations would exceed the ground elevation adjacent to the structure would be 
minimal. 

4) Buoyancy is not a concern with flood and groundwater levels being maintained below 
the basement slab with a subsurface drainage system. 

5) Basement walls and their connections shall be designed using an active equivalent 
lateral earth pressure of 65 PCF. 

ANALYSIS: 

KLJ completed a structural analysis on full height, bi-level, and window well basement walls 
using the design codes and loads listed above.  Tables and figures associated with the analysis 
are provided in Appendix B.  A summary of the design procedure used to develop each table 
and figure is as follows: 

1) Full height basement walls: 

a) Two reinforcing options are provided in Tables 1A and 1B. 

i) Case A includes provisions for 2-way slab action in the concrete walls to 
minimize the connection requirements at the top of the wall.   

ii) Case B also accounts for 2-way action in the concrete walls and allows for 
maximum spacing between walls perpendicular (i.e. jogs) to the foundation 
wall.  Minimum reinforcing is based on the worst case between temperature 
and shrinkage steel or steel required to achieve moment capacity.   

iii) A detail of the reinforcing requirements is provided in Figure 1. 

2) Bi-level basement design was based on a cantilevered concrete foundation wall.  
Reinforcing requirements are provided in Table 2 and a detail of the wall construction 
is provided in Figure 2. 

3) Window well walls were designed to span horizontally.  Reinforcing requirements are 
included in Table 3.  A detail of the wall construction is provided in Figure 3. 

D. Waterproofing 

Waterproofing is required on the exterior surface of all basement walls and below basement 
slabs.  Waterproofing shall be continuous from the top of the soil to the bottom of the footing.  
Recommendations for waterproofing materials are provided below. 

1) Foundation wall:  Fluid-applied or sheet-applied waterproofing methods may be 
utilized.  The exterior surface of the foundation wall, top of footing and side of 
footing.  Foundation waterproofing shall consist of a fluid-applied waterproofing 
membrane, with a minimum thickness of 60 wet mils of “CCW-703 Liquiseal” or a sheet 
applied waterproofing membrane, self-adhering for vertical and horizontal applications 
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of either “MiraDRI 860” for warm temperature installations or “MiraDRI 861” for colder 
temperature applications.  Similar products may be used as an approved equal. 

2) Under slab:  Under slab waterproofing shall consist of a 55 mil, horizontal grade 
“MiraPLY-H” membrane.  “Liquiseal”, “MiraDRI”, and “MiraPLY-H” waterproof 
membrane products are manufactured by Carlisle Coatings & Waterproofing of Wylie, 
Texas.  Similar products may be used as an approved equal. 

I I I .  Conclusions 
An active equivalent lateral earth pressure of 65 PCF shall be used as the basis of design for 
floodproofing basement structures.  Tables and figures are provided in Appendix B to assist 
with construction of the wall construction types presented herein.  The following conditions 
must be met to comply with the design recommendations included in this report. 

1) Basement shall be constructed as per Exhibit A in the City of Fargo’s Floodproof 
Construction Requirements. 

2) Drain tile or other approved subsurface drainage be provided around interior and 
exterior basement perimeter and tied into an appropriately sized sump pit with a 
functioning sump pump. 

3) The basement shall be waterproofed with the products included in this report (or 
approved equivalents). 

4) In the event overtopping is eminent or the sump pump fails and is not able to be 
reinstated in a timely manner, it is recommended the basements be filled with clean 
water to minimize structural damage as a result of hydrostatic pressure and uplift. 
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AA/EOE  

Braun Intertec Corporation 
526 10th Street NE, Suite 300 
P.O. Box 485 
West Fargo, ND 58078 

 

Phone: 701.232.8701 
Fax:      701.232.7817 
Web:    braunintertec.com 

November 6, 2014  Project B14-07345 
 
 
Cassie McNames, PE 
KLJ, Inc. 
728 East Beaton Drive, Suite 101 
West Fargo, North Dakota  58078 
 
Re:  DRAFT Geotechnical Evaluation Letter 
 City of Fargo Project #MS-14-71 
 Floodproof Basement Structural Review 
 Fargo, North Dakota 
 
Dear Ms. McNames: 
 
This Geotechnical Evaluation Letter addresses geotechnical aspects of the City of Fargo’s Floodproof 
Basement Structural Review.   
 

Background 
 
We understand the original design of the City of Fargo’s floodproof basement was completed in 1975 
and at that time the City was able to receive a basement exception from FEMA. As part of the current 
FEMA floodplain remapping process, the City is required to renew their basement exception with FEMA. 
As part of this renewal we understand KLJ is assisting the City with a structural analysis of the standard 
basement wall detail. The City requested that you engage a geotechnical engineer to provide 
recommendations for soil parameters to be used in design of the wall as well as a seepage analysis to 
estimate the timeframe for full saturation of soil adjacent a basement wall.  
 

Information Reviewed 
 
In preparation of this letter, we reviewed a number of documents and resources. These documents and 
resources are listed below along with some of the key takeaways we considered from each. 
 

 August 27, 1974 letter from Soil Exploration Company to Ulteig Engineers, Inc. Re: Soil Pressures 
in the Fargo-Moorhead Area. 

o Design walls to withstand an equivalent fluid pressure of 120 pcf. 
o Install a drain tile system at the perimeter and below the floor to control uplift. 
o Backfill utility connection trenches with well compacted clayey soil to prevent easy flow 

nets for infiltrating water. 
o All sites should be checked by a knowledgeable individual to determine that there is not 

an unusual uniform silt condition present or pervious fill. 

 February 24, 1975 letter from Soil Exploration Company to Ulteig Engineers, Inc. Re: Basement 
Soil Pressures in the Fargo-Moorhead Area. 

o Ulteig and SEC discussed several homes that were completely surrounded by floodwater 
for 2 weeks (although overland flow did not reach the basement walls). The homes were 
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not designed for a maximum soil pressure [120 pcf] and the basement walls were not 
affected by horizontal soil pressure.  

o A design of less than the maximum soil pressure should provide for construction detail 
that will insure the maximum stress will not occur. 

o A lesser design soil pressure value was not stated, but it was stated that a “solution 
within reasonable economic means can be obtained” if freestanding water will not be 
adjacent the walls, surrounding soils are cohesive and relatively impervious, a drain tile 
system is in place to collect seepage, easy flow channels to the structure be prevented, 
utility trenches should be backfilled with cohesive soils and well compacted, gravel fill 
under driveways and so forth should be kept above flood levels, adequate surface 
drainage must be maintained away from the structure, and down spouts and local runoff 
cannot allow ponding adjacent walls.  

o The homeowner should be informed that his basement is not designed to withstand full 
hydrostatic pressure and he should understand the necessity of maintaining the drain tile 
system and that if the system fails or if flood waters make approximate contact with the 
basement walls, the basement should be flooded. 

 City of Fargo Code of Ordinances, Article 21-0102, Section 1610.1 
o Exception to International Building Code: Foundation walls extending not more than 9 

feet below grade and laterally supported at the top by flexible diaphragms shall be 
permitted to be designed for active pressure. 

 Home Builders Association meeting on October 15, 2014 
o Currently on LOMR lots, excavations to bottom of foundation level are typically about 1 

to 3 feet below natural ground and the remainder of the pad is built up from there. 
 

Discussion 
 

Soils 
The soils in the City of Fargo were deposited by Glacial Lake Agassiz and are rather consistent across the 
City. The soils within the typical basement depth of not more than 9 feet consist of what is known as the 
Sherack formation. As they exist in the upper 9 feet, materials from this formation are most often used 
as basement wall backfill and from our experience they are also most often used as fill on LOMR lots.  
 
The Sherack formation consists of fat clay that is rather impervious, but is sometimes stratified with silt 
or sand seams and layers that will increase its hydraulic conductivity. The Sherack formation most often 
weighs about 115 pcf in its normal, wet condition. Numerous shear strength tests we have performed on 
material from the Sherack formation indicate that if well compacted it will have a typical internal friction 
angle of about 25 degrees. Since house pad excavations are relatively small in size, they limit the size of 
compaction equipment and the overall effectiveness of compaction effort. To account for this we have 
assumed the internal friction angle for wall design of about 2/3 this value, or 16 degrees. This assumption 
should not relieve the contractor from the need for compaction of the backfill.  
 
The conductivity of the Sherack formation averages approximately 1E-4 ft/day vertically (as determined 
from our laboratory testing) and 1E-3 ft/day horizontally (as determined through the in-situ monitoring 
of pore water pressure dissipation on local embankment construction projects). The conductivity of 
backfill is highly variable and dependent on material type, placement and level of compaction. Well 
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compacted backfill would likely have conductivity values similar to those stated for the Sherack 
formation, while poorly compacted backfill is likely 1 to 2 orders of magnitude faster.  
  

Groundwater 
Measured groundwater depths typically vary across the City with location and season, but we have found 
that most often groundwater is encountered within about 5 to 10 feet of the ground surface seasonally. 
With regards to sump pump operation, we interviewed 12 homeowners across the City with variability in 
location, age of home, and depth of basement. The responses were very consistent in that homeowners 
with split level structures, or 4-foot deep basements, had sump pumps that ran only during rainy periods 
and homeowners with full basements had sump pumps that ran outside of rainy periods and several 
stated year round. These interview results would support the groundwater measurements we have 
observed within 5 to 10 feet of the ground surface. 
 

Analysis 
 
We performed a seepage analysis using a finite element program called SEEP/W from GeoStudio. The 
analysis was performed for a home with soil conditions typical of the Fargo area. We assumed that the 
basement is 9 feet below the ground surface and that flood waters would not be closer than 15 feet from 
the basement wall. The 15-foot distance was selected as it is typically greater than the excavation width 
for a basement wall and it is also currently the requirement by the City of Fargo for the minimum 
distance from the BFE for flood proofing construction. 
  
The analysis indicates that the flood waters would have to be in place for several months for water to 
infiltrate to the house foundation or even the normal backfill wedge against a house. Peak flood 
conditions in this area typically last several days to as much as about 2 weeks before receding. It should 
be noted that if flood water contacted a basement wall and covered the wall backfill, saturation of the 
backfill could occur within the normal timeframe of peak flood conditions.  
 

Recommendations 
 
For design of basement walls we recommend using an active equivalent fluid pressure of 65 pcf per foot 
of depth (this value does not include a factor of safety). This value assumes the soil conditions noted in 
the Discussion above, and that the wall has a flexible diaphragm, and also assumes that the house has a 
functioning drain tile system. Many basements are constructed above the groundwater, but even those 
that are below the groundwater (estimated at 1 to 2 feet maximum seasonally) can experience 
drawdown of the groundwater below the active pressure zone on the wall if a properly functioning drain 
tile system is in place. 
 
To use this value we further recommend that grades within 10 feet horizontal of the perimeter of the 
house should be sloped down and away from the structure at a minimum gradient of 5 percent to 
prevent ponding, and all roof run-off should be collected by gutters and routed to drains with long 
downspouts, which are diverted to areas more than 5 to 10 feet from the structure. 
 
If basement excavations encounter layers of sand or silt, the excavations should be constructed so that 
they extend at least 10 feet away from the basement walls, and the entire excavation should be 
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backfilled with fat clay soils typical of the area to lessen seepage through the sand/silt layer towards the 
structure. 
 
As noted by Soil Engineering Company, we agree that if flood water comes in contact with the house or 
wall backfill, or if the drain tile system fails during periods of flooding, the homeowner should consider 
flooding the basement to limit structural damage to the basement wall.  
 

Remarks 
 
In performing its services, Braun Intertec used that degree of care and skill ordinarily exercised under 
similar circumstances by reputable members of its profession currently practicing in the same locality. No 
warranty, express or implied, is made. 
 
If you have any questions about this Letter, please contact Nate McKinney or Sean Swartz at 
701.232.8701. 
 
Sincerely, 
 
BRAUN INTERTEC CORPORATION 
 
 
Sean S. Swartz, PE 
Principal Engineer 
 
Professional Certification: 
I hereby certify that this plan, specification or report 
was prepared by me or under my direct supervision 
and that I am a duly Registered Professional Engineer 
under the laws of the State of North Dakota. 
 
 
 
Nathan L. McKinney, PE 
Principal – Senior Engineer 
Registration Number: PE-6735 
November 6, 2014 
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Notes:
1. Chart is based on an active soil pressure of 65 pounds per cubic foot (pcf).
2. Reinforcing steel shall be ASTM A615 with a yield stress, Fy, of 60,000 pounds per square inch (psi).
3. Vertical reinforcing bars shall be placed between an 1-1/2 and 2-1/2 inches from the inside face of the wall
4. Minimum concrete stregnth,fc, shall be 3,000 pounds per square inch (psi).
5. Maximum height of soil against foundation walls is 6 inches below top of wall
6.

7.

8. Refer to Table 1B for connection requirements at the top of the wall
9. Refer to Figure 1 for basement wall detail.
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12

10

12

" o.c.

28 " o.c.
40 " o.c.
12 " o.c.

Table 1A:  Minimum Reinforcement Requirements for Floodproofed Basement Walls - Full Height Walls (65 PCF)

Wall Height
(ft)

Case
Wall Thickness

(in)
Vertical Reinforcing Horizontal Reinforcing

Maximum Horizontal 
Distance between 

Perpendicular 
Foundation Walls (ft)

Dowel Spacing 
(ft)

7.5 4'-0" o.c.

9 " o.c.
15 " o.c.

7.5

A

8

21 " o.c.

B

8
22 " o.c.

# 4 @ 24

24 " o.c.

18 " o.c.

30 " o.c.
44 " o.c.
24 " o.c.

" o.c.

18 " o.c.
28

15 1'-10" o.c.

28 " o.c.
38 " o.c.

18 " o.c.

36 " o.c.
52 " o.c.

8 2'-0" o.c.

9 " o.c.
15 " o.c.

8

A

8

# 4 @10

12

10

12

18 " o.c.
28 " o.c.

28 " o.c.
40 " o.c.
12 " o.c.

21 " o.c.

B

8
18 " o.c.

# 4 @ 24

24 " o.c.

18 " o.c.

26 " o.c.
40 " o.c.
24 " o.c.

" o.c. 16 1'-6" o.c.

28 " o.c.
38 " o.c.

18 " o.c.

36 " o.c.
52 " o.c.

9 2'-0" o.c.

9 " o.c.
15 " o.c.

9

A

8

# 4 @10

12

10

12

18 " o.c.
28 " o.c.

22 " o.c.
28 " o.c.
12 " o.c.

21 " o.c.

B

8
12 " o.c.

# 4 @ 24

24 " o.c.

14 " o.c.

18 " o.c.
26 " o.c.
16 " o.c.

" o.c. 18 1'-0" o.c.

Backfill shall not be placed until first floor framing and sheathing is installed and fastened or adequately braced and the concrete floor 
slab is in place or the wall is adequately braced.
Minimum length of perpendicular wall or "jog" shall be 2 feet.  Perpendicular wall shall be reinforced with same reinforcing as wall it 
supports.

28 " o.c.
38 " o.c.

18 " o.c.

24 " o.c.
36 " o.c.



Notes:
1. Chart is based on an active soil pressure of 65 pounds per cubic foot (pcf).
2. Anchor bolts shall be ASTM F1554 Grade 36.
3. Minimum clear distance between bolt and edge of concrete shall be no less than 2 inches.
4. Minimum concrete stregnth,f'c, shall be 3,000 pounds per square inch (psi).
5. Maximum height of soil against foundation walls is 6 inches below top of wall.
6.

7. Refer to Table 1A for reinforcing requirements.
8. Refer to Figure 1 for basement wall detail.
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Optional Top 
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Pattern


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2
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3

@ 6



"

5/8"  @ 24

1'-6" 2-A35 Clips

 @ 8 " o.c.

5/8"  @ 10 " o.c.

 @ 12 " o.c.

1/2"  @ 9 " o.c.

2-A35 @ ea. Truss

@ 11 " o.c.

5/8"  @ 14 " o.c.

3/4"  @ 18 "

2-A35 Clips2-A35 @ ea. Truss

@ 22 " o.c.

@ 14 " o.c.

@ 12 " o.c.

@ 15 " o.c.

@ 18 "

"

3/4"  @ 30 "

5/8"

3/4" 

1/2"

5/8"

3/4"






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1/2" 

"

"

"

Bracing @ Walls Parallel to Trusses

Conn. to Sill PL

2-A35 Clips

2-A35 Clips

2-A35 Clips

4'-6"

4'-0"

A34 @ ea. Truss

Connection @ Truss

A35 @ ea. Truss

A35 @ ea. Truss

Max. Spacing

3'-0"

2-A35 @ ea. Truss 2'-3" 2-A35 Clips

o.c.

o.c.

o.c.

o.c.

2'-0"

Table 1B:  Minimum Connection Requirements for Floodproofed Basement Walls - Full Height Walls (65 PCF)

Wall Height
(ft)

Case

7.5

Anchor BoltSil Plate

A

B

16d

1/2"

3/4"

16d @ " o.c.

o.c.

o.c.

o.c.

3

@

@

@

20

26

32

Backfill shall not be placed until first floor framing and sheathing is installed and fastened or adequately braced and the concrete floor slab 
is in place or the wall is adequately braced.
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8

A

B

9

A

B
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Notes:
1.
2.

3.

4.
5.
6.

Wall Height
ft

Wall Thickness
in

Horizontal ReinforcingVertical Reinforcing

# 4 @ 24 " o.c.

30 " o.c.
40 " o.c.

5 (max) 10

12

Table 2:  Minimum Reinforcement for Floodproofed Basement Walls - Bi-Level Walls (65 PCF)

20 " o.c.
28 " o.c.

18 " o.c.
26 " o.c.
36 " o.c.
12 " o.c.

8
18 " o.c.

Vertical reinforcing bars shall be placed between an 1-1/2 and 2-1/2 inches from 
the outside face of the wall.
Minimum concrete stregnth,f'c, shall be 3,000 pounds per square inch (psi).
Maximum height of soil against foundation walls is 6 inches below top of wall.
Refer to Figure 2 for basement wall detail.

Chart is based on an active soil pressure of 65 pounds per cubic foot (pcf).
Reinforcing steel shall be ASTM A615 with a yield stress, Fy, of 60,000 pounds per 

square inch (psi).
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Notes:
1. Chart is based on an active soil pressure of 65 pounds per cubic foot (pcf).
2. Reinforcing steel shall be ASTM A615 with a yield stress, Fy, of 60,000 pounds per square inch (psi).
3.

4. Minimum concrete stregnth,f'c, shall be 3,000 pounds per square inch (psi).
5. Maximum height of soil against foundation walls is 6 inches below top of wall.
6. Refer to Figure 3 for basement wall detail.

8
18

# 4

8
18

#

9
12

12
9

9'-0"

Table 3:  Minimum Reinforcement for Floodproofed Basement Walls - Window Well Walls (65 PCF)

24 " o.c.
3'-6"

18 5'-0"
12 6'-0"

9

6
24

# 4 @

" o.c. @ 24 " o.c.
4'-0'

18

" o.c.

12 " o.c. 7'-6"
9 " o.c. 10'-0"

# 4 @ 24

5'-0"
12 " o.c. 6'-6"

4

" o.c.
" o.c.

" o.c.
6'-0'
7'-0"
9'-6"

" o.c.
4 @ 24

Max. Horizontal 
Span (ft)

4'-0'
5'-0"
6'-6"

7.5
18 " o.c.

" o.c.
6'-0'

Wall Height
(ft)

Wall Thickness
(in)

Vertical ReinforcingHorizontal Reinforcing

@ 24 " o.c.

8

18 " o.c.
12 " o.c.

8

24 " o.c.
#

Vertical reinforcing bars shall be placed between an 1-1/2 and 2-1/2 inches from the inside face of the wall.
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