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1.0 Design Criteria 

1.1 

1.2 

General: The reinforced concrete retaining wall (i.e. Wall No. 1) was 
design using the following documents. See Appendix 'A' for a list of 
references. 
1.1.1 Retaining Wall No. 1 was design in accordance with International 

Building Code (IBC) 2003 Edition. 
1.1.2 ACI 318-02 "Building Code Requirements for Structural 

Concrete". 

Wall Heights: The retaining wall was design in height increments of 
5'-0" from Grade to a maximum height of24'-0". The follO\ving is a list 
of wall mark numbers and the maximum height for that wall. 

f Mk. No. I From I To 

I B I> 5'-1" I 10-0" 
: c > 10'-1" 115'-0" 

IE 12: 20'-1" I 24'-0" 

1.3 Load Cases: 'lbe following four ( 4) load cased were evaluated for each 
wall height 
1.3.1 Normal Load: This is the basic design load on the wall. It consisted 

of the following items 
1.3.1.1 EFP (equivalent fluid pressure) of 51 pcf. Sheet 9 of 

Appendix B recommends an EFP of 45.5 pcfbased on the 
average of the active (Ka) and the at-rest (Ko) lateral earth 
pressure coefficients. The actual lateral earth pressure 
condition is somewhere between the active and the at-rest 
cases. The wall is not free to translate (footing embedded in 
rock) but it is free to deflect so the active ca._<;e cannot fully 
develop. Similarly, since the wall is free to deflect, it is not 
completely restrained, and therefore the at-rest condition 
cannot fully develop. Selecting the lateral earth pressure 
coefficient as the average of the two conditions is based on 
engineering judgment. 



1.3.1.2 The higher, and therefore more conservative EFP used in 
this analysis was calculated based on the following lateral 
earth pressure coefficient K = Ka +%(Ko-Ka) = 0.259 
+~~(0.441 - 0.259) = 0.396. With an assumed in-place 
density ofthe backfill of 130 pcf, (y = 130) this gives an 
EFP of 51 pcf. 

1.3.1.3 Allowable soil bearing condition is 4,000 psf. Actual rock 
capacity is higher. 

1.3.1.4 There are no surcharge effects from the uphill MSE Walls. 
See appendix 'C' for details. 

1.3.1.5 Stability ratio for overturning is a minimum of 2.0 to 1.0. 

1.3.2 Seismic Condition I: This upset condition consists of an 
earthquake event. 
1.3 .2.1 EFP of 62 pcf was used with a normal triangular, '"-ith 

increasing pressure toward the bottom of the wall. See 
Figure I and sheet 14 of Appendix 'B' for details. 

1.3 .2.2 Allowable soil bearing condition is 5,000 psf. Actual rock 
capacity is higher. 

1.3.2.3 There are no surcharge effects from the uphill MSE Walls. 
See appendix 'C' for details. 

1.3.2.4 Stability ratio for overturning is a minimum of 2.0 to 1.0. 

Seismic Condition 1 

Figure I 
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1.3.3 Compaction Equipment Load Case: This temporary load case 
consist of the following items: 
1.3.3.1 EFP of 46 pcf. This value was calculated using the average 

ofthe active (Ka) and the at-rest (Ko) lateral earth pressure 
coefficients. The actual lateral earth pressure is somewhere 
between the active and the at-rest cases. The wall is not free 
to translate (footing embedded in rock) but it is free to 
deflect so the active case cannot fully develop. Similarly, 
since the wall is free to deflect, it is not completely 
restrained, and therefore the at-rest condition cannot fully 
develop. Selecting the lateral earth pressure coefficient as 
the average of the two conditions is based on engineering 
judgment. (See Sheet 9 of Appendix B) Since this is a 
temporary condition a more conservative approximation of 
the EFP is not warranted. 

1.3.3.2 A surcharge from compaction equipment was applied 
behind the wall. This consisted of a 2,000 pound load 
spread over an 8' -0" width. Or 250 psf over 8' -0" 
continuous along the length of the walL See diagrams that 
are included with each wall design for this load case, and 
figure 2. 

1.3.3.3 Allowable soil bearing condition is 5,000 psf. Actual rock 
capacity is higher. 

1.3.3.4 There are no surcharge effects from the uphill MSE Walls. 
See appendix 'C for details. 

1.3.3.5 Stability ratio for overturning is a minimum of2.0 to 1.0. 

Equip load 
s·~·· (250 psf) 

-'te--l __::_;;_~l 

Compaction Equipment Load 



1.4 

Figure. 2 

1.3.4 Seismic Condition 2: This upset condition consists of an 
earthquake event. 
1.3.4.1 KAE of 62 pcfwas used with an inverse triangular 

distribution, with increasing pressure toward the bottom of 
the wall. See Figure 3 and sheets 15 to 17 of Appendix 'B' 
for details. Also see Appendix 'D' for a detailed discussion 
of the Mononobe-Okabe equations and their application. 

1.3.4.2 Allowable soil bearing condition is 5,500 psf. Actual rock 
capacity is higher. 

1.3.4.3 There are no surcharge eftects from the uphill MSE Walls. 
See appendix 'C for details. 

1.3.4.4 Stability ratio for overturning is a minimum of 1.5 to 1.0. 

Seismic Condition 2 

Figure 3 
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Sliding Resistance: The calculations for the sliding resistance of the 
retaining walls are based upon a friction between the base and the 
supporting rock. In general the results show a factor of less that 1.5 to 1. 
However in order for the base to move it would require the rock to shear, 
or the key in the footing to shear of[ In addition the foundations will be 
dowel to the rock using 2-#7 bars at 4' -0" centers. This would give an 
additional shear capacity of 10,000 Jbs. Per foot of wall, using a safety 
factor of 2. 70. With this in mind and the high capacity of the rock to 
sustain loads sliding resistance is not an issue. 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title . Wall 'A' H = 5' Normal Page: __ _ 
.lob# : E-05129 Dsgnr: JJF Date: MAY 23,2005 
Description .... 

Low Level Wall "A'' Height H = 5'-0" Normal Loads 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005. 7-April-2005. (c) 1989-2005 
www.retalnpro.comlsupport tor latest release Cantilevered Retaining Wall Design 
Registfation #: RP-1141385 2005001 

Code: IBC 2003 

Retained Height 5.00 ft 

Wall height above soil 0.00 ft 
Sfope Behind Walt 0.00: 1 

Height of Soil over Toe 9.00 in 

Water height over heel 0.0 ft 

Wind on Stem 0.0 psf 

Allow Soil Bearing = 4,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure 51.0 psflft 
Toe Active Pressure 51.0 psflft 
Passive Pressure 54.0 psflft 
Soil Density = 130.00 pcf 
FootingUSoil Friction = 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Toe Width 
Heel Width 
Total Footing Width 

Footing Thickness 

1.25 ft 
2.75 

-·~4:oo-

15.ooin 

Key Width 0.00 in 
Key Depth 0.00 in 
Key Distance from Toe 0.00 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As% 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

r'll!s!llu•rll!lllch.a.r .. g!-e•LIIII!ol!la•d•s----~ .. 1 L Lateral Load Applied to Stem ., 
Surcharge Over Heel = 0.0 psf 

fAdJaceniFOotinilo~--.. ~-, 
Adjacent Footing Load 
Footing Width 
Eccentricity 

0.0 lbs 
0.00 ft 
O.OOin 
0.00 ft 

Used To Resist Sliding & Overturning 
Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

I Axial Load Applied to Stem 
Axial Dead load 
Axial live Load 
Axial load Eccentricity 

c *Design Summary 

0.0 lbs 
0.0 lbs 
0.0 in 

I 
Wall Stability Ratios 
Overturning 
Sliding 

= 3.65 OK 
2.11 OK 

Total Bearing load 
... resultant ecc. = 

2,972 lbs 
2.53 in 

Soil Pressure@ Toe 978 psf OK 
Soil Pressure @ Heel 508 psf OK 

Allowable 4,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 1,084 psf 
ACI Factored @ Heel 562 psf 

Footing Shear @ Toe 1.4 psi OK 
Footing Shear@ Heel = 6.5 psi OK 

Allowable = 82.2 psi 

Sliding Cales (Vertical Component NOT Used) 
Lateral Sliding Force 894.1 lbs 
less 100% Passive Force= - 108.0 lbs 
less 100% Friction Force :: - 1.782.8lbs 

Added Force Req'd = 0 0 lbs OK 
... .for 1.5: i Stability = 0.0 lbs OK 

Load Factors -
Building Code 
Dead Load 
Live Load 
Earth,H 
Wind,W 
Seismic, E 

!BC 2003 
1.200 
1.600 
1.600 
1.600 
1.000 

lateral Load 
... Height to Top 
... Height to Bottom = 

0.0 #1ft 
0.00 ft 
0.00 ft 

Wall to Ftg CL Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

[Stem. Construction 1 Top~!!~--
Stem OK 

Design Height Above Fts; ft= 
Wall Material Above "Ht" = 
Thickness :: 

Rebar Size 
Rebar Spacing 
Rebar Placed at 

Design Data 
fb/FB + fa/Fa 
Total Force @ Section lbs= 
Moment....Actual ft-#= 
Moment. ... Allowable 
Shear ..... Actual psi= 
Shear ..... AIIowable psi= 
Wall Weight 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in = 
LAP SPLICE IF BELOW in= 

0.00 
Concrete 

10.00 
# 5 
12.00 
Edge 

0.169 

997.1 
1,694.3 

10.037.3 
11.1 
82.2 

125.0 
7.50 

21.36 

HOOK EMBED INTO FTG in= 9.59 

= 

line Load 

0.0 ft 

0.300 

Masonry Data -------··------~----··---··-·--·-·-···---··----···-··--·-----·--· 
f'm psi= 
Fs psi= 
Solid Grouting 
Speciallnspection = 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. 
Masonry Block Type= Medium Weight 

Concrete Data ---··--·-··-------·----------·-··---------··--···--·-----··-···- --·---------·----
fc psi= 3,000.0 
Fy psi= 60.000.0 
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TCPI Title Wall 'A' H = 5' Normal Page: __ _ 

436 Creamery Way, Suite 100 
Exton, Pa 19341 

Job# E-05129 Dsgnr: JJF Date MAY 23,2005 
Description . _ 

Los Alamos Retaining Wall No. 1 low level Wall "A" Height H: 5'-0" Normal Loads 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005. 7-i;prii-2005. (c) 1989-2005 
www.retainpro.com/support for latest release Cantilevered Retaining Wall Design Code: IBC 2003 
Registration#: RP-1141385 2005001 

LFooting Design Results I 
~ Heel 

Factored Pressure 1,084 562 psf 
Mu' : Upward 804 1,185 ft-# 
Mu' : Downward 267 2,548 ft-# 
Mu: Design 537 1,362 ft-# 
Actual 1-Way Shear 1.44 6.50 psi 
Allow 1-Way Shear 82.16 82.16 psi Other Acceptable Sizes & Spacings 
Toe Reinforcing # 5@ 12.00 in Toe: Not req'd, Mu < S • Fr 
Heel Reinforcing = # 5@ 12.00 in Heel: Not req'd, Mu < S • Fr 
Key Reinforcing None Spec'd Key: No key defined 

f$Um.;;ry~t Overturning & Re;i;fi~Q-F~~-~;;Ji$---------------------·--·-····--·--------, 

..... OVERTURNING..... .. ••. RESISTING ..... 
Force Distance Moment Force Distance Moment 

Item 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing load 
Added Lateral Load 

Load @ Stem Above Soil = 

Total 

Resisting/OVerturning Ratio 

lbs ft ft-# lbs ft ft-# 

996.1 
-102.0 

894.1 

~-~-·---------- --------------~~~ff·-~----

2.08 2,075.2 Soil Over Heel 1,245.8 3.04 3,789.4 
0.67 -68.0 Sloped Soil Over Heel 

O.T.M. 

= Surcharge Over Heel 
Adjacent Footing load 
Axial Dead Load on Stem = 

Soil Over Toe 
Surcharge Over Toe 
Stem Weight(s) = 
Earth @ Stem Transitions= 
Footing Weigh! = 
Key Weight 

121.9 

625.0 

750.0 

000 

0.63 

1.67 

2.00 

76.2 

1,041.7 

1,500.0 

Vertical Loads used for Soil Pressure = 

2,007.2 

3.65 

2,971.6 lbs 
Vert. Component 228.9 4.00 915.4 

-----~-- -----··~-~~~ 

Vertical component of active pressure used for soil pressure 
Total = 2,971.6 lbs R.M.= 7,322.7 

-----------------------~------

DESIGNER NOTES: 



10.in Cone wl #5@ 12.in ole 

#5@12.in 

@Toe 

#5@12.in 

@Heel 

Designer select ! 
j 1' 3" ; 

all horiz. reinf. t----=-~ 
See Appendix A i 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall 'A' H = 5' Seismic Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description ... 

Low Wall "A" Height H= 5'-0" Seismic load EFP = 62 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q •oul 
Retain Pro 2005, 7-Aprii-2C-QS, (c) 1989-2005 
www.retainpro.comtsupport tor latest release Cantilevered Retaining Wall Design 
Rtyistratlon #: RP-1141385 2005001 

Code: IBC 2003 

l Criteria ·• 
L ________________ _._ 

Retained Height "' 5.00 ft 
Wall height above soil O.OOft 
Slope Behind Wall :: 0.00: 1 

Height of Soil over Toe := 9.00 in 

Water height over heel 0.0 ft 

Windon Stem 0.0 psf 

,-- -----------·--··--··---·-···-·--·---------------; ,-----------·---------~----~--------·~---·--

Ls •• o.il.o.a.ta ___________ • l Footing Dimensions & Strengths 1 
Allow Soil Bearing = 4,000.0 psf Toe Width 1.25 ft 
Equivalent Fluid Pressure Method Heel Width 2.75 
Heel Active Pressure 62.0 psflft Total Footing Width -----·;roo· 
Toe Active Pressure 62.0 psf/ft Footing Thickness 15.00 in 
Passive Pressure 54.0 psf/ft 
Soil Density 130.00 pcf Key Width :: 0.00 in 

Key Depth 0.00 in 
Footingi!Soil Friction 0.650 Key Distance from Toe 0.00 ft 
Soil height to ignore 

for passive pressure 0.00 in fc = 3,000 psi Fy = 60,000psi 
150.00pcf 
00018 

Footing Concrete Density 
Min. As% 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

,: S!lu•rc~h·a•rgi!-e•L•o!l!la•dll!ls ___ ~lllli!!-1 l Lateral Load Applied to Stem-) 
Surcharge Over Heel 0.0 psf 

~-----~-~~~~----·--------. 

i Adjacent Footing Load 
Adjacent Footing Load 
Footing Width 
Eccentricity 

0.0 lbs 
0.00 ft 
0.00 in 
0.00 ft 

I 
Used To Resist Sliding & Overturning 

Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

[Axial Load Applied to Stem -. 
Axial Dead Load 0.0 lbs 
Axial Live Load = 0.0 lbs 
Axial Load Eccentricity = 0.0 in 

t "Design Summary I 
Wall Stability Ratios 
Overturning 
Sliding 

Total Bearing Load 
... resultant ecc. 

= 2.99 OK 
1.74 OK 

2,964 lbs 
4.35 in 

Soil Pressure @ Toe = 1. 144 psf OK 
Soil Pressure @ Heel 338 psf OK 

Allowable 4,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 1,270 psf 
ACI Factored @ Heel 375 psf 

Footing Shear@ Toe = 1.9 psi OK 
Footing Shear@ Heei 7.7 psi OK 

Allowable 82.2 psi 
Sliding Cales (Vertical Component NOT Used) 

Lateral Sliding Force 1,086.9 lbs 
less 100% Passive Force= • 108.0 lbs 
less 100% Friction Force = • 1,782.8 fbs 

Added Force Req'd 
... .for 1. 5 : 1 Stability 

0.0 lbs OK 
0.0 !bs OK 

Lateral Load 
... Height to Top 
... Height to Bottom 

0.0 #Itt 
0.00 ft 
0.00 ft 

Wall to Ftg OL Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

! Stem Construction ___ ) ~ ste.=m'----
- StemOK 

Design Height Above Ft£ ft = 0.00 
Wall Material Above "Ht" Concrete 
Thickness 10.00 
Rebar Size # 5 
Rebar Spacing 12.00 
Rebar Placed at Edge 

Design Data -------~----·--·---~--
fb/FB +fa/Fa 0.180 

Total Force @ Section lbs = 1,060.6 
Moment....Actual ft-# = 1,802.2 
Moment ..... AUowable == 10.037.3 
Shear ..... Actual psi= 11.8 
Shear. .... AIIowable psi= 82.2 
Wall Weight 125.0 
Rebar Depth 'd' in= 7.50 
LAP SPLICE IF ABOVE in= 21.36 
LAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in = 9.59 

Line Load 

0.0 ft 

0.300 

Masonry Data -----------------------------.---------·---·-·-·······---·----
fm psi= 
Fs psi= 
Solid Grouting = 

Load Factors --·---·-·-·· --------------------------·---­ Special Inspection 

Building Code 
Dead Load 
Live Load 
Earth,H 
Wind,W 
Seismic, E 

IBC 2003 
1.200 
1.600 
1.400 
1.600 
1000 

Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. = 
Masonry Block Type = Medium Weight 

Concrete Data ··-·-··-·-·--------------------···-----·· ·---- ------·---·-- ----------·-----~----
fc psi= 3,000.0 
Fy psi= 60,000.0 

••• 
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TCPI Page: __ _ 

., 436 Creamery Way, Suite 100 
Exton, Pa 19341 

Title : Wall 'A' 
Job # : E-05129 
Description .... 

H = 5' Seismic 
Dsgnr: JJF Date: MAY 24,2005 

Low Wall "A" Height H= 5'-0" Seismic load EFP = 62 Los Alamos Retaining Wall No. 1 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.I'J 
Retain Pro 2005, 7-Apri!-2005. (c} 1989-2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design 

Footing Design Results I 

Factored Pressure 
Mu': Upward 
Mu': Downward 
Mu: Design 
Actual 1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

~ Heel 
1.270 375 psf 

920 952 ft--# 
267 2,526 ft-# 
652 1,574 ft-# 
1.85 7.67 psi 

82.16 82.16 psi 
# 5@ 12.00 in 
#5@ 12.00in 

= None Spec'd 

Other Acceptable Sizes & Spacings 
Toe: Not req'd, Mu < S • Fr 
Heel: Not req'd, Mu < S • Fr 
Key: No key defined 

L Summary of Overturning & Resisting Forces & Moments 
.•••• OVERTURNING ••••• 

Force Distance Moment 
Item lbs ft ft.:# 

Heel Active Pressure 
Toe Active Pressure = 
Surcharge Over Toe 
Adjacent Footing Load 
Added Lateral Load 
Load @ Stem Above Soil = 

1,210.9 
·124.0 

2.08 
0.67 

Total 1.086.9 O.T.M. 

Resisting/Overturning Ratio 

Vertical Loads used for Soil Pressure = 

2,522.8 
-82.7 

Soil Over Heel 
Sloped Soil Over Heei 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight(s) = 
Earth@ Stem Transitions= 
Footing Weighl = 
KeyWeight = 
Vert. Component = 

Code: IBC 2003 

••••• RESISTING .•..• 
Force Distance Moment 

lbs ft ft--# 

1 ,245.8 3.04 3,789.4 

121.9 

625.0 

750.0 

0.00 

0.63 

1.67 

2.00 

221.6 4_00 

76.2 

1,041.7 

1.500.0 

886.6 

2,440.1 

2.99 

2,964.3 lbs 
~------· ------

Vertical component of active pressure used for soil pressure 
Total= 2,964.3 lbs R.M.= 7.293.8 

DESIGNER NOTES: 



10.in Concw/ #5@ 12.in ole 

#5@12.in 

@Toe 

#5@12.in 

@Heel 

I . 
Designer select I , I 

· r 3" ; 2'-9" I 
all horiz. reinf. L..-~- ·~ 

See Appendix A J , 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall 'A' H= 5' Equiplent Load Page: __ _ 
Job# · E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description .. 

Wall "A" Height (H)= 5'-0" Equipment Load with EFP = 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005 . 7-April-2005. (c) 1989·2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

c.c.ri.te.· r.-ia_ ... _ ... _ ... _ .. _---.--.--·.···.--.--.··.·-.----~_--_--_-.... I jsoil'oata··--···--------------------, L Footing Dimensions & Strengths 1 
Retained Height 5.00 ft Allow Soil Bearing = 5.000.0 psf 

Equivalent Fluid Pressure Method 
Wall height above soil 0·00 ft Heel Active Pressure 46.0 psftft 
Slope Behind Wall 0.00 : 1 Toe Active Pressure 46.0 psf/ft 
Height of Soil over Toe 9.00 in Passive Pressure 54.0 psf/ft 

Water height over heel 0.0 ft Soil Density 130.00 pcf 

Wind on Stem 0.0 psf 
Footing!!Soil Friction 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Toe Width 
Heel Width 
Total Footing Width 
Footing Thickness 

1.25 ft 
2.75 ----.roif 

15.00in 

Key Width 0.00 in 
Key Depth 0.00 in 
Key Distance from Toe 0.00 ft 

rc = 3,000 psi Fy = 60.000 psi 
Footing Concrete Density 150.00 pcf 
Min. As% 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

[Surcharge Loads ---. Lateral Load Applied to Stem I L Adjacent Footing Load ·-------~ 

Surcharge Over Heel 0.0 psf 
Used To Resist Sliding & Overturning 

Surcharge Over Toe = 0.0 psf 
Used for Sliding & Overturning 

-----=-------, 
! Axial Load Applied to Stem 1 

Axial Dead Load = 0.0 lbs 
Axial Live Load 0.0 lbs 
Axial Load Eccentricity 0.0 in 

r··------ -----·-·------· 
L *Design Summa7 I 
Wall Stability Ratios 
Overturning 
Sliding 

Total Bearing Load 
... resultant ecc. 

= 2.97 OK 
1.75 OK 

3.297 lbs 
3.94 in 

Soil Pressure@ Toe 1,231 psf OK 
Soil Pressure @ Heel 418 psf OK 

Allowable = 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored @ Toe = 1,423 psf 
ACI Factored@ Heel 484 psf 

Footing Shear@ Toe 2.1 psi OK 
Footing Shear@ Heel 6.2 psi OK 

Allowable = 82.2 psi 
Sliding Cales (Vertical Component NOT Used) 
Lateral Sliding Force 1 ,203.1 lbs 
less 100% Passive Force= - 108.0 lbs 
less 100% Friction Force = - 1.994.81bs 

Added Force Req'd 0.0 lbs OK 
... .for 1.5 : 1 Stability 0.0 lbs OK 

Lateral Load 
... Height to Top 
... Height to Bottom 

= 

= 

0.0 #/ft 
0.00 ft 
0.00 ft 

Adjacent Footing Load - 2,000.0 lbs 
Footing Width 8.00 ft 
Eccentricity 0.00 in 
Wall to Ftg CL Dist = 4.00 ft 
Footing Type Line Load 
Base Above/Below Soil 

at Back of Wall 0.0 ft 

Poisson's Ratio 0.300 

~.---------- ~ 

1 Stem Construction 1 Top s::::te:::.::m.:.:........ _________ _ 
- StemOK 

Design Height Above F~ ft = 0.00 
Wall Material Above ~Ht" Concrete 
Thickness 10.00 
Rebar Size = # 5 
Rebar Spacing 12.00 
Rebar Placed at = Edge 

Design Data ---------------------~-------
fb/FB +fa/Fa 0.241 
Total Force@ Section lbs = 1,376.0 
MomenL .. Actual ft-#= 2,415.9 
Moment. .... AIIowable 10.037.3 
Shear ..... Actual psi= 15.3 
Shear ..... AIIowable psi= 82.2 
Wall Weight 125.0 
Rebar Depth 'd' in= 7.50 
LAP SPLICE IF ABOVE in= 21.36 
LAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in = 9.59 

Masonry Data --------------------------
rm psi= 
Fs psi= 
Solid Grouting 

Load Factors ----------------------·----~---~~~ 
Special Inspection 

Building Code IBC 2003 
Dead Load 1.200 
Live Load 1.600 
Earth, H 1.600 
Wind,W 
Seismic. E 

1.600 
1.000 

Modular Ratio 'n' 
Short Term Factor = 
Equiv. Sorid Thick. 
Masonry Block Type = Medium Weight 

Concrete Data -------~------~---------·-------------------- ---------------------------------------------
fc psi= 3.000.0 
Fy psi= 60,000.0 

"''' 

••• 

... 



TCPI Title : Wall 'A' H= 5' Equiplent Load Page: __ _ 
436 Creamery Way, Suite 100 
Exton, Pa 19341 

Job# · E-05129 Dsgnr JJF Date: MAY 25,2005 
Description .... 

Los Alamos Retaining Wall No. 1 Wall "A" Height (H)= 5'-0" Equipment Load with EFP = 
This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 

Retain Pro 2005. 7-April-2005. (c) 1989-2005 
www.retalnpro.comJsupport for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design 

[~Fo~tinQDe~isn-Re;un;~------, 

Factored Pressure 
Mu': Upward 
Mu' : Downward 
Mu: Design 
Actual 1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

---I.QL ~ 
1.423 484 psf 
1,035 1 '164 ft-# 

267 2.546 f!-# 
768 1,382 ft-# 

2.13 6.22 psi 
82.16 82.16 psi 

# 5@ 12.00 in 
#5@ 12.00 in 
None Spec'd 

Other Acceptable Sizes & Spacings 
Toe: Not req'd, Mu < S • Fr 
Heel: Not req'd, Mu < S • Fr 
Key: No key defined 

Code: IBC 2003 

. ------~~-------------------·----

Summary of Overturning & Resisting Forces & Moments 
•...• OVERTURNING ..... 

Force Distance Moment 
Item lbs ft ft-# 

~~-~------

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe = 
Adjacent Footing Load = 
Added lateral load 

Load @ Stem Above Soil = 

Total = 

Resisting/Overturning Ratio 

898.4 
-92.0 

396.7 

1,203.1 

2.08 
0.67 

2.50 

O.T.M~ = 

1.871.7 
-61.3 

991.0 

Vertical Loads used for Soil Pressure = 

2,801.4 

2.97 

3.297.2 lbs 

Vertical component of active pressure used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 
Sloped Soil Over Hee! 
Surcharge Over Heel = 
Adjacent Footing Load = 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe = 
Stem Weight(s) = 
Earth @ Stem Transitions= 
Footing Weigh1 
Key Weight 
Vert. Component 

Total= 

·-----

..... RESISTING ..... 
Force Distance Moment 

lbs ft ft-# 

1,245.8 3.04 3,789.4 

326.2 3.04 992.3 

0.00 

121.9 0.63 76.2 

625.0 1.67 1,041.7 

750.0 2.00 1,500.0 

228.2 4.00 912.9 
3,297.2 lbs R.M.= 8,312.5 

~~-~---·~--



1 O.in Cone w/ #5 @ 12.in ole 

#5@12.in 

@Toe 

#5@12.in 

@Heel 

; 

Designer select I , . 
I 1' 3" ' 2' 9" ; 

all horiz. reinf. \..---...\..----___ ..,_, 
' ' 

See Appendix A!_· I 
4'-0" r.- ----~ 

!tit 

5'-0" 5'-0" . 

2" 

~ 1'-3"! 

=_t~·-· _---~.....! 
, .... 

I 



·~ ' 

' ' 

1230.5psf 

Adj Ftg Load = 2000.# 

Ecc.= O.in from CL 



ITCPI standarcfCa!culatTo_n_sfieeC_________ 1 of g I 

~
436 Creamery Way 
Exton, PA 19341 
610-524-5920 

Suite 100 Subject: Date: 5/31/2005 7:41 AM I 
---v-Vall Mk. 'A' Seismic Wall A Seisrnic.mcd l 

·----,.----------------------------------

\VALL Mark 'A' Seismic Loads 

Detlnitions: 

B =Width ofToe (feet) 
C "'" Width of Heel (feet) 

h wall "" Height of Wall over base (feet) 
tbase = thickness of Base (feet) 

W =Width of Base (feet) 

y = density of backfill (pet) 
y concreie density "" 150 pcf 

tstem =Thickness ofStem (feet) 

EFPstatic =:o Design equivalent fluid pressure (pet), static condition. 

EFP AE =Design equivalent fluid pressure (pet), Active Earth pressure under seismic 
conditions .. 

ljl = Intemial angle of friction of the soil. 
o = Friction angle of soil to concrete wall. 
Kh =Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B' 

Wall Mk. 'A' Data: 

B := 1.25 (feet) hwall := 5.0 (feet) tstem := 0.83 (feet) 

C := 1.92 (feet) W:= 4.00 (feet) tbase := 1.25 (feet) 

Soil Data: y := 130 (pd) S := 22·deg 4> := 32·deg 

EFPstatic := 46 (pet) t 
Stem c 

EFPAE:= 62 (pcf) 

w 
WALL STABILITY ANALYSIS 

lllfl 

..... 

•llill 

.,, 
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! Tc~>~-----------------·---St-andard Calcuiation Sheet-----------------~91 

·1' 436 Creamery Way Suite 100 Subject: Date: 5/31/2005 7:41AM I 

Exton, PA 19341 Wall Mk. 'A' Seismic WaliA Seismic.mcdj 

~a-~4-s~~a I 

·--<>""', __ ,,_ -:· ''"/'.'-~-_-':.·.1 <:·'·,· Weights: (kips.per foot) 

Wi2 

W-C/l 

Stabilizing Forces 

Driving Forces: 

(EFPstatic)·! ·(H)
2 

2 
PsT :== ------

1000 

? 

Kh·Y·(Hf 
b.P2 :=: ----

1000 

I 
I 
I Wbase==' (0.150)-W-tbase Wbase == 0.75 

y·hwau·C 
W soil := W soil = l .248 

1000 

H :== hwall + tbase H = 6.25 (feet) 

PsT = 0.898 (kips) 

(kips) 

AP1 = 0.313 (kips) 

(kips) 

The larger value of either tiP 1 or tiP 2 is to be used in the seismic analysis 

Let: 
( aP1 

·'1. ..... I ,_ --·I aP? aP = 0.457 (kips) 
\, .:... 

L____ ___________ ___ 



r-rcrl· 
1436 Creamery Way Suite 100 

1 Exton, PA 19341 

L~~~~----

Standard Calculation Sheet 
Subject 

Wall Mk. 'A' Seismic 

~''''"g Forees and MomeniS about the Toeo 

I .6P 

l'~ 
I 

\ 

Eanh 
Pressure 
Distribution 

--------- · 3 of gl 

Date: 5/31/2005 7:41AM I 
Wall A Seismic.mcd I 

Seismic 
load 
Distribution 

Horizontal Driving Force (HDF) is the sum ofP51 and ~pin the horizontal direction: 

HDF := (PsT + LlP}cos(o) HDF = 1.257 (kips) 

Driving Moment (Md) is the sum of the driving moments about the Toe. 

Mct := (Psr0.333·H)-cos(o) + (~P-0.6-H)-cos(cS) Mct = 3.323 (ft-kips) 

Resisting Forces and Moments about the Toe: 

Resisting Forces (RF) neglecting passive pressure, a conservative analysis: 

RF := tan(<!J)(wstem + Wbase + Wsoil + PsT·sin(cS) + LlP·sin(o)) 

RF = 1.955 (kips) 

"Factor of Safety" against sliding is the ratio of RF to HDF 

RF 
Ratiosliding :~= HDF Ratiosliding = 1.555 

,., 

'''"' 

.... 

.... 

, ..• 

IIIII 

,.,, 



frrj)----------
,TCPI 

1

436 Creamery Way Suite 100 
Exton, PA 19341 

! 610-524-5920 
'---------------

·-----Standard Calculation Sheet 
Subject: 

Wall Mk. 'A' Seismic 

~Resisting Moments about the Toe M,, 

----·----..,4,--o~f,...,9'"""'1 

Date: 5/31i2005 7:41 AM I 
Wall A Seismic.mcd 1 

_______ _j 

I (w' / c\ i Mr := Wstem·(B +!stem)+ Wbasc·· -] + Wsoil-( W- ~ ! + (PsT + J.P)-W-sin(B) 
I \.2} \ 2} - r 

I M,." 8.62 (tl-kips) 

"Factor of Safetv" against overturning the ratio ofM to Md ..., ~ ...... r 

RatiooT = 2.594 

Calculate Soil Bearing Pressurs: 

Net Moment: LlM, 5.297 

X := -::---------A_M __ --"7;:------,-.,.,... 

(wstem + Wbase + Wsoil + Psrsin(&) + AP·sin(o)) 

R := {wstcm + Wba:.;e + WsoiJ + Psrsin(o) + AP·sin(o)) 

Eccentricity (e): 

Eccentricity := 

w 
e:==- -X 

2 
e = 0.307 

w 
"OK Within Middle Third" if e :::; -

6 

"Non in Middle one-third" otherwise 

Eccentricity = "OK Within Middle Third" 

(feet) 

(ft-kips) 

X= 1.693 

R = 3.128 

w 
- ==0.667 
6 

(feet) 

(kips) 

(feet) 

R ( e \ SP.,:= -. I+ _ji 
- w \. w 

SP2 = 0.842 Maximum Soil Pearing Pressure (kips/ft2 ) 

R ( e \ 
SPJ := --11 --' 

w \ w) 
Minimum Soil Pearing Pressure (kips/ft2 ) 

i 

l 
I _______________________________________j 



'TCPI __ _ 

Suite 100 
Standard Calculation Sheet 

Subject: 
Wall Mk. 'A' Seismic 

l
436 Croamery Way 
Exton, PA 19341 
610-524-5920 -----------------------------------

Concrete Design: 

5 of91 
Date: 5/31/2005 7:41 AM I 

Wall A Seismic.mcd 

The design on the concrete elements will be in accordance with ACI 318-02. 

See Section 9.2 of ACI 319-02 

UDL := 1.2 UH := 1.6 l]r~ := 1.0 

Mct_ult := UE{(Psy-0.333-H)-cos(o) + c~P-0.6-H)-cos(o)] 

Mr_ult_2 := UoL{(PsT + .6-P)-W·sin(oTI 

Mr_ult := Mr_ult_l + Mr_ult_2 

Net Ultimate Moment: llMult := Mr_ult - Mct __ ult 

Rutt = 3.403 

Eccentricity (e): 

Eccentricity := 

Xult = 2.063 

(kips) 

w 
eult := - - Xutt 

2 

(feet) 

Cult = -0.063 

w 
"OK Within Middle Third" if Cult :S -

6 

"Non in Middle one-third" othervvise 

Eccentricity = "OK Within Middle Third" 

AMutt = 7.021 

(feet) 
w 
- = 0.667 
6 

(ft-kips) 

(feet) 

Rult ( Cult\ 
SP2 u!t :== ---. ·• I + - j 

- W~, W; 
SP2_u!i == 0.837 Maximum Soil Pearing Pressure (kipsiftl ) 

..... 

•IIIII 

llllt 

·IIIIIJ 
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ITCPl 
! 436 Creamery Way Suite 100 
! Exton, PA 19341 
1610·-524-5920 

Standard Calculation Sheet 
Subject; 

Wall Mk. 'A' Seismic 

---·-·--6 0191 
Date: 5/31/2005 7:41AM,. 

Wall A Seismic.mcd 

·----------------------------·---- ______J 

SP 1 ult == 0.864 Minimum Soil Pearing Pressure 

(kipsfft2) 
I 

i 
,\SPult :::-: SPz __ ult- SPt_ult i.\SPutt = -·0.027 (kips/112) I 

Pressure Diagram - Toe & Heel 

Soil Pressure at Front Face of Stem: 

t..SPult 
SP3 ult :== SP2 ult- --·(B) ·- -- w SP3_ult = 0.846 (ksf) 

Soil Pressure at Rear Face of Stem: 

t..SPuJt 
SP4_ult := SP2 __ ult- -w·(B + tstem) SP4_ult == 0.851 (ksf) 

Moment at Front Face of Stem: 

Mtoe = 0.48 (tt-kips) 

L ______________________________________________________ _ 



lTCPI Standard Calculation Sheet 
Subject: 

Wall Mk. 'A' Seismic 
j436 Creamery Way Suite 100 
I Exton, PA 19341 

~524-59=2=0==================-=--­r-
i 

Concrete Data: 

t'c:= 3 ksi fy :== 60 ksi 

b := 12 inches d :== (12Hbase- 4 d = 1 I inches 

As calculation is from CRSI Handbook 

As _required:== 

-3 2 
As_required = 9.715 x 10 Inches 

Shear in Toe: 

Soil Pressure at d from front face: 

~SPuJt ( d) SP31 ult := SP2 ult- --. B--- - w 12 

6.8·f c·b·Mu·l2 

4>r·(fy)2 

As required 
p := 

12-d 

SP31 __ ult = 0.839 (kst) 

Ytoe :== SP31 utc(B - ~) + ( SP2 ult- SP31 ult)·(.!.)·. ·(B -~) 
- 12 - - ,2 12 

Ytoe == 0.279 (kipsifoot) 

ft-kips 

. 0.75·12·d·(2)-Jfc·IOOO q>V ·- ____ _:... __ 
' n .- 1000 4>Vn= 10.845 (kips/foot) 

Moment at Rear Face of Stem in the Heel: 

~f :"' 0.90 

p = 0.0001 

" ( ,, 
C.. ·c (1'· ~' . . ( .) \ , I C ~ ... fhed .= SP1 ult'--.. (sP4 ult- SPr ult)·-· - I·C- UDI_;(O.l50)-tbase·I-J 

- 2 - - . 2 ,,3) '. 2 ) 

(ft-kips) Let: 

.... 

..... 

.... 

••• 

mllil 

... 



11' ,, 

r;:r:-r,­
,TCPI 
1436 Creamery Way Suite 100 

Standard Calculation Sheet 
Subject: 

~
xton, PA 19341 
0-524-5920 ----------------

.----------· ------

Wall Mk. 'A' Seismic 

As calculation is from CRSf Handbook 

As_rcquired :"' 

As_required = 0.024 lnches2 

Shear in Hell: 

. )') q,r( fy -

As __ required 
p:= 

12-d 

Soil Pressure at d from front rear face of stem: 

LiSPult ( d) 
SP41 ult := SP1 ult + --· C--- - w 12 

SP41_ult = 0.857 (ksf) 

Vheel := SP1 ulr(c- .i_) + (sP41 ult- SP1 uJt)·(!)-(c- .i_ J 
- 12 - - 2 12) 

Vhcel = 0.864 (kips/foot) 

8 ot9l 
Date: 513112005 7:41AM !I 

Wail A Seismic.mcd. 
____________ j 

---------------- I 

I 

p = 0.0002 

0.75·12·d·(2hj f' c·lOOO 
~ Vn :== ------'!..-...:--

1000 
<I>Vn == 10.845 (kips/foot) 

Moments in Stem: 

Driving Forces: 

( ) 
t ') 

EFP static ·- · ( h want 
2 

PsT :o~ --------
1000 

( 
. I . ., 

EFP'\E)·:: · ( hwallt 
. L 

PsE :== ------­
!000 

PsT "" 0.575 

PsE:.::. 0.775 

;.\PI "' 0.2 

(kips) 

(kips) 

(kips) I 
i 
i 

----------' 



ri-CPI Standard Calculation Sheet 
1436 Croamery Way Suite 100 Subject: 
I Exton, PA 19341 Wall Mk. 'A' Seismic 

~24-5920 -------------------------

(kips) 

9 of 9 I 
Date: 5/31/2005 7:41AM I 

Wall A Seismic.mcd 

The larger value of either AP 1 or AP 2 is to be used in the seismic analysis 

Let: 

Mstem = I. 765 (ft-kips) Let: 

A
5 

calculation is from CRSI Handbook 

L7·fc·b·d 
As _re-quired := ----

2·fy 

As_required = 0.057 

1 

2 

lnches2 

L\P = 0.292 (kips) 

Mu := Mstem 

As required 
p := 

l2·d 

d :== 12tstem - 3.0 

d = 6.96 (inches) 

p = 0.0007 

'''"' 

,, . 
..... 

.... 

••• 

••• 

•• 

••• 
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Loading Case I Ove rturning Sliding 
R.atio Ratio 

-· -
.zr Normal 

. .5'"8 /. "6 7. 
,.., u 
C. t 

·::> -·r 
~:~ ·t· f

. Seismic 1 
I 2 
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Compaction Equipment . 
I L 
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WALLMK. 'B' 

Maximum Controlling Case 
Soil for Strength 

Bearing Design 
Pressure 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title :Wall "B" H = 10 Normal Page: __ 
Job# : E-05129 Dsgm: JJF Date: MAY 24,2005 
Description .... 

Wall 'B' Height (H) =10'-0" Normal Loads EFP =51 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.rt 
Retain Pro 2005, 7-April-2005, (c) 1989-2005 
www.retalnpro.com/support for latest release Cantilevered Retaining Wall Design 
Registration#: RP-1141385 2005001 

Code: IBC 2003 

:Criteria I 
Retained Height 10.00 ft 

WaH height above soil 0.00 ft 

Slope Behind Wall 0.00: 1 

Height of Soil over Toe 6.00in 

Water height over heel 0.0 ft 

Wind on Stem 0.0 psf 

rsUrCtiar9eL:OaiiS __________ I 
Surcharge Over Heel o.o·psf 
Used To Resist Sliding & Overturning 

Surcharge Over Toe = 0.0 psf 
NOT USed for Sliding & Overturning 

[bial Load Applied to Stem ~-~ 
Axial Dead Load = 0.0 lbs 
Axial Live Load = 0.0 lbs 
Axial Load Eccentricity 0.0 in 

I *Design Summary 1 
Wall Stability Ratios 
Overturning 2.58 OK 
Sliding = 1. 59 OK 

Total Bearing Load 
... resultant ecc. 

= 8,261 Jbs 
7.92 in 

Soil Pressure@ Toe 2,160 psf OK 
Soil Pressure @ Heel 484 psf OK 

Allowable 4,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 2.349 psf 
ACI Factored @ Heel = 526 psf 

Footing Shear@ Toe = 8.5 psi OK 
Footing Shear@ Heel 21.2 psi OK 

Allowable 82.2 psi 

Sliding Cales (Vertical Component NOT Used) 
Lateral Sliding Force 3,270.4 lbs 
less 100% Passive Force= - 330.8 Jbs 
less 100% Friction Force = 4,866.11bs 

Added Force Req'd = 
... .for 1.5 : 1 Stability 

0.0 lbs OK 
0.0 lbs OK 

Allow Soil Bearing = 4,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure = 51.0 psf/ft 
Toe Active Pressure 51.0 psf/ft 
Passive Pressure 54.0 psf/ft 
Soil Density 130.00 pet 
FootingHSoil Friction 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Lateral Load 
... Height to TO!: 
... Height to Bottom 

:: 
0.0 #/ft 

0.00 ft 
0.00 ft 

! Stem Construction ·~~tem Stem OK 
Design Height Above Fq; 

Wall Material Above "Ht" 
Thickness 
Rebar Size 
Rebar Spacing 
Rebar Placed at 

Design Data 
fb/FB + fa/Fa 
Total Force@ Section 
MomenL .Actual 
Moment. .. __ Ailowable 
SheaL .. Actual 

ft= 
= 
= 

fbs= 
ft-#= 
ft-#:: 
psi= 

Shear.. .. AIIowable psi= 
Wall Weight psf = 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in= 
LAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in = 

Masonry Data ---
fm psi= 
Fs psi= 
Solid Grouting 

3.75 
Concrete 

12.00 
# 5 
12.00 
Edge 

0.259 

1.593.8 
3,320.3 

12,827.3 
14.0 
82.2 

150.0 
9.50 

21.36 
21.36 

Toe Width 
Heel Width 
Total Footing Width 

Footing Thickness 

Key Width 
Key Depth 
Key Distance from Toe 

== 2.00 ft 
4.25 

--- - '"ifi5' 
18.00 in 

12.00 in 
18.00 in 
2.00ft 

fc = 3,000 psi Fy = 60,000 psi 
150.00 pcf 
0.0018 

Footing Concrete Density = 
Min. As% 
Cover@ Top = 2.00in @ Btm.= 3.00 in 

2nd 
Stem OK 

0.00 
Concrete 

12.00 
# 7 
12.00 
Edge 

0.565 

4,069.8 
13,598.3 
24,057.0 

35.7 
82.2 

150.0 
9.50 

37.38 

13.42 

= 

::l 
0.0 lbs 

0.00 ft 
0.00 in 
0.00 ft 

Line Load 

0.0 ft 

0.300 

Load Factors --------··----·--·---------·-·-·----· Special Inspection = 
Building Code IBC 2003 
Dead Load 1.200 
Live Load 1.600 
Earth. H 1.600 
Wind.W 
Seismic, E 

1.600 
1.000 

Modular Ratio 'n' = 
Short Term Factor 
Equiv. Sorid Thick. 
Masonry Block Type = Medium Weight 

Concrete Data -------------------.. ------~---~ .. --·-·--------------------"--.. ---~ 
fc 
Fy 

psi= 3,000.0 
psi= 60,000.0 

3,000.0 
60,000.0 

"'' 

..... 

,,, 

..... 

.... 

••• 
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•• 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 

Titie : Waii"B" H == 10 Normal 
Job# : E-05129 Dsgnr: JJF 
Description .... 

Page: __ _ 
Date: MAY 24,2005 

los Alamos Retaining Wall No. 1 Wall 'B' Height (H) =10'-0" Norma! Loads EFP =51 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005, 7-Aprii-2005, (c) 1989-2005 
www.retainpro.com/support tor latest release Cantilevered Retaining Wall Design 
Registration#; RP-1141385 2005001 

Code: IBC 2003 

,--~---··----~-~-~----------··---~~~-~~-~------~-~--~, 

L_Footing Design Results I 
~ 

526 psf 
4,447 ft-# 

Factored Pressure 
Mu': Upward 
Mu': Downward 
Mu: Design 
Actual 1-Way Shear 
Atlow 1-Way Shear 
Toe Reinforcing 
Hee! Reinforcing 
Key Reinforcing 

....I2L 
2,349 
4,308 

696 
3.612 
8.46 

82.16 
# 5@ 9.00 in 
#5@12.00in 

= #5@18.00in 

13,694 fi-# 
9,247 ft-# 
21.17 psi 
82.16 psi Other Acceptable Sizes & Spacings 

Toe: Not req'd. Mu < S • Fr 
Heel: #4@ 7.25 in, #5@ 11.25 in, #6@ 16.00 in, #7@ 21.75 in, #8@ 28.50 in. #9@ 36 
Key: 

fSummary~t Overturning & Resisti~g-.=~;;;;s&fi~t:;-------------------------------------1 

••••• OVERTURNING..... .. •.• RESISTING ••.•• 
Force Distance Moment Force Distance Moment 

Item lbs ft ft-# lbs ft ft-# 
-------··---------~~~--~---~~-~ ~-~~--~-~~-~~---~--~-~-------------·· 

Heel Active Pressure 3,372.4 3.83 12.927.4 Soil Over HeeJ = 4,225.0 4.63 19.540.6 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing Load 
Added Lateral Load 

-102.0 0.67 -68.0 Sloped Soil Over Heer 
Surcharge Over Heel 

= 

load @ Stem Above Soil = 

Total 3,270.4 O.T.M. = 12,859.4 

Resisting/Overturning Ratio ::: 2.58 

Vertical Loads used for Soil Pressure = 8.261.1 lbs 

Vertical component of active pressure used for soil pressure 

DESIGNER NOTES: 

Adjacent Footing Load = 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight(s} = 
Earth @ Stem Transitions= 
Footing Weight 
Key Weight = 
Vert. Component 

Total= 

0.00 

130.0 1.00 130.0 

1,500.0 2.50 3,750.0 

1,406.3 3.13 4,394.5 
225.0 2.50 562.5 
774.8 6.25 4,842.6 

-----·--
8,261.1 lbs R.M.= 33,220.2 

---------



#5@9.in 

@Toe 

12.in Cone w/ #5@ 12.in ole 

12.in Concw/#7@ 12.in ole 

Designer select i 
#5@12.in all horiz. reinf.j 

@ Heef See Appendix A! 
j 
! ; 
i 2'-0" 1 '-0" ! 3'-3" 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall "B" H "'10 Seismic Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description .... 

Wall 'B' Height (H) =10'-0" Seismic EFP == 62 pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.r1 
Retain Pro 2005. 7-Apnl-2005. (c) 1989-2005 
www.retalnpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Waif Design Code: IBC 2003 

r.c.ri.te:r_i_a_-_--_--_ ..... _ ..... _ ..... _ .. ________________ ~.. ["soiloaia ______ -----~---------, !Footing-Oimensi'ons & Strengths I 
Retained Height 10.00 ft AHow Soil Bearing = 5,000.0 psf 

Equivalent Fluid Pressure Method 
Toe Width = 2.00 ft 
Heel Width 4.25 

Wail height above soil 0·00 ft Heel Active Pressure 62.0 psf/ft 
Slope Behind Wall 0.00 : 1 Toe Active Pressure 62.0 psfift 

Total Footing Width --6.25 

= 18.00in 
Height of Soil over Toe 6.00 in Passive Pressure 54.0 psf/ft 

Footing Thickness 

Key Width 12.00 in Water height over heel 0.0 ft Soil Density 130.00 pcf Key Depth 18.00 in 

Wind on Stem 0.0 psf 
FootingliSoit Friction = 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Key Distance from Toe 2.00 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As% 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

l.__s!llu•rll!llc•ha•rglli!-e•L"'!!ol!'lallll!ds.· •· ----~_.1 i Latera--l -Lo_a_d-=-A-=-p-p--:li-=-e-:d-to---:::-Stem-~1 
Surcharge Over Heel = 0.0 psf 

! Adjacent Footing Load I 
Adjacent Footing load 
Footing Width 
Eccentricity 

0.0 lbs 
0.00 ft 
O.OOin 
0.00 ft 

Used To Resist Sliding & Overturning 
Surcharge Over Toe = 0.0 psf 
Used for Sliding & Overturning ,-----

1 Axial Load Applied to Stem 1 
Axial Dead Load = 
Axial Live Load 
Axial Load Eccentricity = 

i •oesign Summary 
Wall Stability Ratios 
Overturning = 

0.0 lbs 
0.0 lbs 
0.0 in 

2.12 OK 

Lateral Load 
... Height to Top = 
... Height to Bottom 

0.0 #/ft 
0.00 ft 
0.00 ft 

Wall to Ftg CL Dist 
Footing Type 
Base Above/Below Soii 

at Back of Walt 
Poisson's Ratio 

j Stem Construction=:)_T.;_o::.~p=-s=tem=:.,-----=2=n.:.:d'--:--· 
- Stem OK Stem OK 

Design Height Above Ft£ ft = 3.75 0.00 
Wall Material Above ~Ht" = Concrete Concrete 

Sliding = 1.31 Ratio< 1.5! Thickness 12.00 12.00 

Total Bearing Load 
... resultant ecc. 

= 8,237 lbs 
12.10 in 

Soil Pressure@ Toe 2,594 psf OK 
Soil Pressure @ Heel 42 psf OK 

Allowable 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe = 2,829 psf 
ACt Factored@ Heel 46 psf 

Footing Shear@ Toe = 10.4 psi OK 
Footing Shear@ Heel 25.0 psi OK 

Allowable 82.2 psi 

Sliding Cales (Vertical Component NOT Used) 
Lateral Sliding Force 3,975.8 lbs 
less 100% Passive Force= - 330.81bs 
less 100% Friction Force = 4,866.11bs 

Added Force Req'd 0.0 lbs OK 
... .for 1.5 : 1 Stability 766.8 lbs NG 

Load Factors ---- ---------------------------...................... _ 
Building Code IBC 2003 
Dead Load 1.200 
live Load 1.600 

Rebar Size # 5 # 7 
Rebar Spacing = 12.00 12.00 
Rebar Placed at Edge Edge 

Design Data ~---
fb/FB +fa/Fa = Oe275 0 .. 601 
Total Force @ Section lbs = 1,695.3 4,329.2 
Moment....Actual ft-# = 3,531.9 14,464.9 
Moment... .. AIIowabte ft-# = 12,827.3 24,057.0 
Shear ..... Actual psi= 14.9 38.0 
Shear ..... Allowable psi = 
Wall Weight psf = 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in = 
LAP SPLICE IF BELOW in = 
HOOK EMBED INTO FTG in = 

Masonry Data 
fm 
Fs 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. 
Masonry Block Type= 

psi= 
psi= 

= 

82.2 82.2 
150.0 150.0 
9.50 9.50 

21.36 37.38 
21.36 

13.42 

0.0 ft 

0.300 

Earth, H 1.400 
Wind,W 
Seismic, E 

1.600 
1.000 

Concrete Data --------·-----------------~----------------------------------
fc psi= 3,000.0 3,000.0 
Fy psi= 60.000.0 60,000.0 

''"I 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Tille : Waii"B" H = 10 Seismic Page: __ _ 
Job # : E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description .... 

Waii'B' Height (H) =10'-0" Seismic EFP = 62 pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005. 7-April-2005, (c) 1989-2005 
www.retainpro.com/support ror latest release Cantilevered Retaining Wall Design 
Registration#: RP-1141385 2005001 

Code: IBC 2003 

L Footing Design Results 

Factored Pressure 
Mu': Upward 
Mu' : Downward 
Mu: Design 

-IQL 
2,829 
5,064 

696 
4,368 
10.43 
82.16 

I 
Heel 

46 psf 
2,790 ft-# 

13,567 ft-# 
10,776 ft-# 

24.98 psi 
82.16 psi Other Acceptable Sizes & Spacings 

Toe: Not req'd, Mu < S * Fr 

Actual 1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

#5@ 9.00 in 
#5@ 12.00 in 
#5@ 18.00in 

Heel: #4@ 7.25 in, #5@ 11.25 in,#$@ 16.00 in, #7@ 21.75 in. #8@ 28.50 in, #9@ 36 
Key: 

r--·----·~-~--.-~-----·---~~·H------·---·--~~-.-~.----.~------------·-----

1 Summary of Overturning & Resisting Forces & Moments 
••••• OVERTURNING ••••• .. ••. RESISTING ..... 

Force Distance Moment Force Distance Moment 

I 

Item lbs ft ft-# ___ lb~ _____ ft ___ _!!_-# __ _ 

Heel Active Pressure 
Toe Active Pressure = 
Surcharge Over Toe 
Adjacent Footing Load = 
Added Lateral Load 

Load @ Stem Above Soil = 

4,099.8 
-124.0 

3.83 
0.67 

15,715.7 
-82.7 

Total 3,975.8 O.T.M. = 15,633.0 

Resisting/Overturning Ratio 2.12 

Vertical Loads used for Soil Pressure = 8,236.6 lbs 

Vertical component of active pressure used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 
Sloped Soil Over Heei = 
Surcharge Over Heel 
Adjacent Footing Load = 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight(s) = 
Earth @ Stem Transitions= 
Footing Weight 
Key Weight = 
Vert. Component 

Total= 

4.225.0 

130.0 

1,500.0 

1,406.3 
225.0 
750.4 

8,236.6 lbs 

4.63 19.540.6 

0.00 

1.00 130.0 

2.50 3,750.0 

3.13 4,394.5 
2.50 562.5 
6.25 4,689.9 

---~-~~-

R.M.= 33,067.5 

--~--------------·----------



12.in Cone w/ #5@ 12.in ole 

12.in Cone w/ #7@ 12.in ole 

#5@9.in 

I 
@Toe 

Designer select I 
#5@12.in all horiz. reint.l 

@ HOOf See Appeod• A~n}'-{)" •n•~-(I"J 4 ·--~3'~:_ ___ ...,, 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall'S' H= 10' Equipment Load Page: __ _ 
Job # : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description .... 

Wall 'B' Height (H)= 10'-0" Equipment Load with EFP = 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005, 7-April-2005. {c) i989·2005 
www.retalnpro.comlsupport tor tatest release Cantilevered Retaining Wall Design 
Registration#: RP-1141385 2005001 

Code: IBC 2003 

'Criteria 

Retained Height 10.00 ft 
Wall height above soil 0.00 ft 
Slope Behind Walt 0.00: 1 

Height of Soil over Toe 6.00 in 

Water height over heel 0.0 ft 

Wind on Stem 0.0 psf 

Allow Soil Bearing = 4,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure 51.0 psf/ft 
Toe Active Pressure 51.0 psf/ft 
Passive Pressure 54.0 psf/ft 

Soil Density = 130.00 pcf 
Footing!ISoi! Friction "' 0.650 

Soil height to ignore 
for passive pressure = 0.00 in 

Toe Width 
Heel Width 
Total Footing Width 

Footing Thickness 

2.00 ft 
4.25 

= --6.25-· 
18.00 in 

Key Width = 12.00 in 
Key Depth 18.00 in 
Key Distance from Toe 2.00 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As % 0.0018 
Cover@ Top = 2.00in @ Btm.= 3.00 in 

i.,SI!IIu•r•c•h•a•rgi!e-LI!Io!llladlll!ls _____ ~•• f"latera!Ioad Applied to Stem 
Surcharge Over Heel = 0.0 psf • ! Adjacent Footing Load I 

Adjacent Footing Load 
Footing Width 
Eccentricity 

2,000.0 lbs 
8.00 ft 
0.00 in 
600ft 

Used To Resist Sliding & Overturning 
Surcharge Over Toe 0.0 psf 
NOT Used for Sliding & Overturning 

L Axial Load Applied to Stem 

Axial Dead Load 
Axial Live Load 
Axial Load Eccentricity = 

O.Oibs 
0.0 lbs 
O.Oin 

!*Design Summ_a_ry-------,1 

Wall Stability Ratios 
Overturning 2.04 OK 

lateral Load 
... Height to Top 
... Height to Bottom = 

0.0 #1ft 
0.00 ft 
0.00 ft 

l Stem Construction 1 Top Stem "-----------·-1 Stem OK Design Height Above Ftg ft"' 3.75 
Wall Material Above "Ht" Concrete 

Wall to Ftg CL Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

2nd 

= 

0.0 ft 

0.300 

------·----
Stem OK 

0.00 

Sliding 1.32 Ratio< 1.5! Thickness 12.00 
Concrete 

12.00 
# 7 
12.00 Total Bearing Load 

... resultant ecc. = 
8,6431bs 
12.69 in 

Soil Pressure@ Toe 2,787 psf OK 
Soil Pressure @ Heel 0 psf OK 

Allowable 4,000 psf 
Soil Pressure less Than Allowable 

ACI Factored @ Toe = 3.094 psf 
ACI Factored@ Heel 0 psf 

Footing Shear@ Toe 11.5 psi OK 
Footing Shear@ Heel = 24.9 psi OK 

Allowable = 82.2 psi 
Sliding Cales (Vertical Component NOT Used) 

lateral Sliding Force = 4,110.0 lbs 
less 100% Passive Force= - 330.8lbs 
less 100% Friction Force= - 5,114.61bs 

Added Force Req'd 0.0 lbs OK 
... .for 1.5: 1 Stability = 719.7 lbs NG 

Load Factors ------------~-----~--------------
Building Code IBC 2003 
Dead Load 1.200 
live Load 1.600 
Earth.H 
Wind,W 
Seismic, E 

1.600 
1.600 
1.000 

Rebar Size = # 5 
Rebar Spacing 12.00 
Rebar Placed at = Edge 

Design Data ----------
fb!FB + fa/Fa 0.366 

Total Force@ Section lbs = 2,256.3 
Moment....Actual ft-# = 4.695.3 
Moment... .. AIIowabte ft-#= 12,827.3 
Shear ..... Actual psi= 19.8 
Shear.. ... Allowable psi= 82.2 
Wall Weight psf = 150.0 
Rebar Depth 'd' in= 9.50 
LAP SPLICE IF ABOVE in= 21.36 
LAP SPLICE IF BELOW in= 21.36 

Edge 

0.770 

5,260.5 
18,512.2 
24,057.0 

46.1 
82.2 

150.0 
9.50 

37.38 

HOOK EMBED INTO FTG in = 13.42 
Masonry Data --~---------~-------... ~----·------·--------.. ---------------------· 

fm psi= 
Fs psi"' 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thiel<. 
Masonry BlOCk Type= 

= 

Concrete Data ----~--~---------·-----·--·----------------------
fc psi= 3,000.0 3,000.0 
Fy psi= 60.000 0 60.000 0 

,. 

••• 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Retain Pro 2005, 7-April-2005. (c) 1989-2005 

Title : Wall 'B' H= 10' Equipment Load Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description ___ _ 

Wall '8' Height (H} = 10'-0" Equipment load with EFP = 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.rr 

Code: IBC 2003 www.retainpro.comtsupport tor tatest release Cantilevered Retaining Wall Design 
tr, Registration#: RP-1141385 2005001 

,. ' 

iia''' 

.. 

J·' 

__ Footing Design Results I 

Factored Pressure 
Mu': Upward 
~ .. 1u' : Downward 
Mu: Design 

..J:QL ~ 
3,094 0 psf 
5.524 2.729 ft-# 

696 13,694 ft-# 
4,828 10,964 ft-# 

11.48 24.89 psi 
82.16 82.16 psi 

== # 7@ 12.00 in 
Other Acceptable Sizes & Spacings 

Toe: Not req'd, Mu < S * Fr 

Actual 1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

# 5@ 12.00 in 
# 5@ 18.00 in 

Heel: #4@ 7.25 in, #5@ 11.25 in, #6@ 16.00 in, #7@ 21.75 in. #8@ 28.50 in, #9@ 36 
Key: 

Summary of Overturning & Resisting Forces & Moments 
..... OVERTURNING ..... 

Force Distance Moment 
Item lbs ft ft-# ------
Heel Active Pressure = 
Toe Active Pressure = 
Surcharge Over Toe 
Adjacent Footing Load 
Added Lateral Load = 
Load @ Stem Above Soil = 

3.372.4 
-102.0 

839.6 

3.83 
0.67 

5.08 

12,927.4 
-68.0 

4,261.4 

Total 4,110.0 O.T.M. = 17.120.8 

Resisting/Overturning Ratio 2.04 

Vertical Loads used for Soil Pressure = 8,643.4 lbs 

Vertical component of active pressure used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 
Sloped Soil Over Hee! 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe = 
Stem Weight(s) = 
Earth@ Stem Transitions, 
Footing Weigh1 
Key Weight 
Vert. Component 

Total= 

1 
..... RESISTING ..... 

Force Distance Moment 
lbs ft ft.-# 

4,225.0 4.63 19,540.6 

382.4 4.63 1.768.4 
0.00 

130.0 1.00 130.0 

1,500.0 2.50 3,750.0 

1,406.3 3.13 4,394.5 
225.0 2.50 562.5 
774.8 6.25 4,842.6 

8,643.4 lbs R.M.= 34,988.6 



12.in Cone wf #5@ 12.in ole 

12.in Cone wf #7@ 12.in o/c 

#7@12.in 

@Toe i 

Designer select I 
#5@12.in all horiz. reinf.l 

. A) 
@ Heel See AppendiX j 
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Adj Ftg Load = 2000.# 

Ecc.== O.in from Cl 



i TCPI -------------STandard Calculation Sheet 
! 436 Creamery Way Suite 100 Subject: 
I Exton, PA 19341 Wall Mk. 'B' Seismic 
[_~_?_?._::_524-5920 
.------·--·---------------

1 Deftn;tions: 

\VALL Mark 'H' Seismic Loads 

1 of91 
Date 5/31/2005 7:41AM I 

Wali 8 Seismic.mcd i 
i 

B ~Width of Toe (feet) 
C = Width of Heel (feet) 

h wall= Height of Wall over base (feet) 
tbase =-thickness of Base (feet) 

W ~Width of Base (feet) 

y == density of backfill (pet) 

Yc<>ncrcte density= 150 pcf 

tstem =Thickness of Stem (feet) 

EFPstatic = Design equivalent fluid pressure (pet), static condition. 

EFP A£== Design equivalent fluid pressure (pet), Active Earth pressure under seismic 
conditions .. 

4> = Intemial angle of friction of the soil. 
& =Friction angle of soil to concrete wall. 
Kh = Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B' 

Wall Mk. 'B' Data: 

B :"" 2.0 (feet) hwall := 10.0 (feet) tstem := 1.00 (feet) 

C := 3.25 (feet) W:= 6.25 (feet) tbase := 1.50 (feet) 

Soil Data: y := 130 (pet) o := 22·deg ~ := 32·deg 

EFPstatic := 46 (pet) t 
Stem c 

EFPAE :== 62 . (pcf) 

w 

I WALL STABILITY ANALYSIS 

L------- --------------------
_______________ ____j 
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lTCPI Standard Calculation Sheet 2 of 9 
1436 Creamery Way 
j Exton, PA 19341 

Suite 100 Subject: Date: 5/31/2005 7:41AM 
Wall Mk. 'B' Seismic Walt B Seismic.mcd 

~1~~!~_9_2_0 __________ __ =================== 
·::<~<,::<:>'-~'':;;<:!:':! Weights: (kips. per foot) 

l 
j \Vstcm:== (0.150)-hwa!l"tstcm Wstem= 1.500 

I Wbase :"' (0.150)- W-tbase Wbase"' 1.406 

y·hwali·C 
\Vsoil := Wsoil = 4.225 

1000 

(feet) H := hwall + tbase H=ll.5 
8 +t/2 J 

Wi2 

W- C.tl 

Stabilizing Forces 

Driving Forces: 

( EFPstatic)· ~-(H) 2 

PsT:= 
.:. 

PsT = 3.042 (kips) 
1000 

(EFPA_E)-;·(H)
2 

Ps£:= 
1000 

PsE:::: 4.1 (kips) 

APt= 1.058 (kips) 

(kips) 

The larger value of either 6P 1 or .3.P 2 is to be used in the seismic analysis 

Let: 
( Ll.PJ 

Ll, :=I 
(:.\P2 

:.\P::: 1.547 (kips) 

I 
l 

~-----------------------------------------------------------------------___j 



[TCPI 
1!436 Creamery Way 
Exton, PA 19341 

t!>t 0-524-5920 

Suite 100 
standa-rd Calculation Sheet 

Subject: 
Wall Mk. '8' Seismic 

Driving Forces and Moments about the Toe: 

Earth 
Pressun, 
OistJibution 

3 of9j 
Date: 5/31/2005 7:41AM •

1 Wall B Seismic.mcd 

I 
----~ 

s~ismic 
load 
Oistlibution 

Horizontal Driving Force (HDF) is the sum ofPst and AP in the horizontal direction: 

HDF := (PsT + L\P)-cos(o) HDF = 4.255 (kips) 

Driving Moment (Md) is the sum of the driving moments about the Toe. 

Md := (PsT·0.333·H)·cos(&) + (L\P-0.6-H)-cos(o) Md = 20.699 (ft-kips) 

Resisting Forces and Moments about the Toe: 

Resisting Forces (RF) neglecting passive pressure, a conservative analysis: 

RF := tan(~j>)(Wstem + Wbase + Wsoil + Psrsin(o) + LlP·sin(o)) 

RF = 5.53 (kips) 

"Factor of Safety'' against sliding is the ratio of RF to HDF 

RF 
Raiioslidim! := --

~· HDF 
Ratios!iding = 1.3 

"'II 
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Standard Calculation Sheet 
Subject: 

Wall Mk. 'B' Seismic 

~ ResisHng Momonts about the Too M,, 
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, _____ w_a_tl_a_s_eis:::~J 

I Mr :== Wstem·(B + tstem) + Wbase·( W)\ + Wsoil.( W- ~ l + (Psr + AP)- \V·sin(8) I \2 \ 2) . 

Mr"' 39.18 (ft-kips) 

"Factor of Safety" against overtuming the ratio ofMr to Md 

Ratiour = 1.893 

Calculate Soil Bearing Pressurs: 

Net Moment: ~M = 18.48 

~M 
X := -:-------------.....,.-~----,-.,-.,... 

(wstem + Wbase + Wsoil + Psr-sin(o) + ~P·sin(o)) 

R := {Wstem + Wbase + Wsoil + Psrsin(o) + ~P-sin(o)) 

Eccentricity (e): 

Eccentricity := 

e:= W- X 
2 

e = 1.037 

\V 
"OK Within Middle Third" if e ~ -

6 

"Non in Middle one-third" otherwise 

Eccentricity = "OK Within Middle Third" 

(feet) 

(ft-kips) 

X= 2.088 

R = 8.85 

w 
- = 1.042 
6 

(feet) 

(kips) 

(feet) 

SP2 = 1.651 Maximum Soil Pearing Pressure (kipsift2 ) 

R ( e 
SP1 := --! I --

\V \ W 

Minimum Soil Pearing Pressure (kipsif12 ) 
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Concrete Design: 

The design on the concrete elements will be in accordance with ACI 318-02. 

See Section 9.2 of ACI 319-02 

um. := 1.2 un := 1.6 

Md_ult := uE{ (Psr0.333·H)·cos(o) + Cw.0.6·H)·cos(o)] 

Mr_ult_2 := UoL{(Psr + !1P)·W·sin(o)] 

Mr_ult := Mr_ult_J + Mr_ult_2 

Net Ultimate Moment: !1Mult := Mr_ult - Md_ult 

!1Mult 
Xutr:= -( -) 

Rult 

Rult = 9.432 

Eccentricity (e): 

Eccentricity :'= 

Xutt = 2.79 

(kips) 

w 
Cuft := - - Xult 

2 

(feet) 

eult = 0.335 

w 
"OK Within Middle Third" if eult ::; -

6 

"Non in Middle one-third" otherwise 

Eccentricity = "OK Within M.idd!e Third" 

!1Mult = 26.316 

(feet) w - = 1.042 
6 

(ft-kips) 

(feet) 

SP2_u!t = 1.59 Maximum Soil Pearing Pressure (kips!ft2 ) 
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Wall Mk. 'B' Seismic Wall B Seismic.mcd I 
____ . ____________ j 

I' Rult ( eult l 
SPt ult:"' -·1 I--) I ··· w \ w SP1 ult = 1.428 Minimum Soil Pearing Pressure 

(kips/fl:2) 
I 

t.'l.SPutt := SP2 __ ult- SP1 ult L\SPult = 0.162 (kips/ft2 ) 

------------------------~~4-SPS~ 
Pressure Diagram - Toe & Heel 

Soil Pressure at Front Face of Stem: 

ll.SPult 
SP3 ult := SPz ult - --·(B) - - w SP3 _ult = 1.538 (ksf) 

Soil Pressure at Rear Face of Stem: 

ll.SPult 
SP 4 ult := SPz ult - -- ·( B + tstem) SP 4_ult = 1.512 - - w . (ksf) 

Moment at Front Face of Stem: 

Mt()e ~' 2.605 (ft-kips) 
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-----------------

Concrete Data: 

f c :== 3 ksi fy := 60 ksi 

b := 12 inches d := ( 12Hbase- 4 

As calculation is from CRSI Handbook 

As_require<l := 
l.7·fc·h·d _ ..!.._ ,2.89-(fc·b·d)

2 

2·fy 2 J (ry)2 

As_required = 0.041 Inches2 

Shear in Toe: 

Soil Pressure at d from front face: 

d = 14 inches 

As required 
p:= 

12-d 

.6SPult ( d) SP31 ult:= SP2 ult- --. B--- - w 12 
SP 3 I __ ult = 1.568 (ksf) 

Vtoe := SP31 ulr(B - ~) + ( SP2 ult - SP31 uJt)·(_!_)·(B - ~) 
- 12 - - 2 12 

Ytoe=l.316 (kips/foot) 

ft-kips 

0.75-12·d-(2)·Jf c·lOOO .!..V ·- ____ .....:_ __ 
'i' n .- 1000 ¢Vn = 13.803 (kips/foot) 

Moment at Rear Face of Stem in the Heel: 

p = 0.0002 

.., r ..,·. 
c"'" , . (C) '1 \ _ . _ . I' c" l 

Mhe.el := SP1 ulr- + (SP4 ult -- SPJ ulr}·--r- i-C- UnL·(O.I_:,O)-tbase· - 1 
- 2 . ·- - 2 \3) \2) 

l\·fheel = 6.265 (ft-kips) Let: 

.... 

., 

.... 

••• 
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StandardCatculation Sheet 

Subject: 
Wall Mk. '8' Seismic 

L____.._ _______ _ ---------------

As calculation is from CRS! Handbook 

1.7-f c·b-d 
"\; ___ required := 

2.89-{fc·b·d)
2 

6.8·fc·b·M 0 ·12 

2 ~ (~.f <l>r·(t;i 2·fy 

As__required = 0.1 lnches2 
As required 

p:= 
12-d 

Shear in Hell: 

Soil Pressure at d from front rear face of stem: 

~SPult ( d) 
SP41 ult := SP1 ult + --.-. C--- - w 12 

SP41_ult = 1.482 (ksf) 

Vheel := SP1 ulr(c- ~) + (SP41 ult- SP1 ult)-(.!.)·(C- ~) 
- • 12 - - 2 12 

Vheel = 3.032 (kips/foot) 

0.75·12·d·(2)·jf c·IOOO 
<I> V n := ----1 0_0_0._!._ __ 

Moments in Stem: 

Driving Forces: 

{EFPstatic)·~ ·(hwallf 
..:.. PsT :""' ____ .::::._ __ _ 

1000 

. . I , -, 
( EFPAE)·-:; ·{ hwailr 

1000 

AP 1 := PsE- PsT 

'--------------

$Vn = 13.803 

PsT = 2.3 (kips) 

PsE =: 3.1 (kips) 

SP1 = 0.8 (kips) 

(kips/foot) 

8 of9] 
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Wall 8 Seismic.mcd [ 

p = 0.0006 
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AP2 ~~ 1.17 (kips) 

9 of91 
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Wa!l 8 Seismic.mcd 

The larger value of either D.P 1 or AP 2 is to be used in the seismic analysis 

Let: 
r,wl)\ 

A:= l AP2 
AP := maxC~) 

Mstem = 14.121 (ft-kips) Let: 

A
5 

calculation is from CRSI Handbook 

1.7·f c·b·d 
As_required := 

As_required = 0.363 

2 

Inches2 

AP = 1.17 

Mu := Mstem 

6.8·fc·b·M 0 ·12 

<l>r·(fy)2 

(kips) 

d := 12tstem- 3.0 

d=9 (inches) 

p ::::: 
As required 

p = 0.0034 
12-d 

t.___ ______ _ 

.... 

••• 

ttluf 

""' 
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Loading Case Overturning 
Ratio 

Sliding 
Ratio 

Maximum Controlling Case Remarks ________ l 
Soil for Strength I 

I 
Bearing Design 
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Los Alamos Retaining Wall No. 1 

Title : Waii'C' H=15' Normal Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description .... 

Waii'C" Height 'H' = 15'-0" Normal Loads EFP =51 pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
R~tain Pro 2005. 7-April-2005. (c) 1989-2005 
www.retainpro.com/support tor latest rel~ase 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

Retained Height 15.00 ft 
Wall height above soil 0.00 it 
Slope Behind Wall 0.00: 1 

Height of Soil over Toe 6.00 in 

Water height over heei 0.0 ft 

Wind on Stem 0.0 psf 

-------. ! Surcharge Loads ..! 
Surcharge Over Heel = 0.0 psf 
Used To Resist Sliding & Overturning 

Surcharge Over Toe = 0.0 psf 
Used for Sliding & Overturning 

LAxialload Applied to Stem 1 
Axial Dead Load = 0.0 lbs 
Axial Live Load 0.0 lbs 
Axial Load Eccentricity 0.0 in 

I *Design Summary • Wall Stability Ratios 
Overturning 2.60 OK 

Allov11 Soil Bearing = 4,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure ::: 51.0 psf/ft 
Toe Active Pressure 51.0 psf/ft 
Passive Pressure 54.0 psflft 
Soil Density 130.00 pcf 
Footing!!Soil Friction = 0.650 

Soil height to ignore 
for passive pressure O.OOin 

Toe Width 
Heel Width 
Total Footing Width 
Footing Thickness = 21.00in 

Key Width = 15.00 in 
Key Depth 18.00 in 
Key Distance from Toe = 3.00 ft 

fc = 3.000 psi Fy = 60.000 psi 
Footing Concrete Density 150.00 pet 
Min. As% 0.0018 
Cover@ Top = 2.00in @ Btm.= 3.00 in 

~.-----·~--·-----~--s Lateral load Applied to Stem 1 ! Adjacent Footing load I 
Lateral Load = 0.0 #/ft 
... Height to Top = 0.00 ft 
... Height to Bottom = 0.00 ft 

1 Stem Construction I Top Stem 
Stem OK 

Design Height Above Ft{: ft= 10.00 
= Concrete 

Adjacent Footing Load 
Footing Width 
Eccentricity 
Wall to Ftg CL Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

2nd 
Stem OK 

3.75 

3rd 
Stem OK 

0.00 

= 

0.0 lbs 
0.00 ft 
0.00 in 
0.00 ft 

0.0 ft 

0.300 

Sliding 1.49 Ratio< 1.5! 
Wall Material Above "Ht" 
Thickness 15.00 

Concrete 
15.00 
# 7 
9.00 

Edge 

Concrete 
15.00 
# 9 
9.00 

Edge 
Total Bearing Load 
... resultant ecc. 

= 17,111 lbs 
10.68 in 

Soil Pressure@ Toe 2,918 psf OK 
Soil Pressure @ Heel 782 psf OK 

Allowable 4,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 3,165 psf 
ACI Factored@ Heel 848 psf 

Footing Shear@ Toe = 18.7 psi OK 
Footing Shear @ Hee! = 38.4 psi OK 

Allowable 82.2 psi 
Sliding Cales (Vertical Component NOT Used) 

Lateral Sliding Force 7,025.3 fbs 
less 100% Passive Force= - 379.7lbs 
less 100% Friction Force = :0,053.51bs 

Added Force Req'd 0.0 lbs OK 
... for1.5: 1 Stability 104.7 lbs NG 

Load Factors -·-------·--· -­
Building Code 
Dead Load 
Live Load 
Earth,H 
Wind.W 
Seismic. E 

IBC 2003 
1.200 
1.600 
1.500 
1.600 
1.000 

Rebar Size 
Rebar Spacing 
Rebar Placed at 

Design Data ---­
fb/FB +fa/Fa 
Total Force @ Section 
Moment.. .. Actual 
Moment. .... Allowable 
Shear ..... Actual 

= 

lbs= 
ft-#= 
ft-#= 
psi= 

Shear ..... Allowable psi"' 
Wall Weight psf"' 
Rebar Depth 'd' in "' 
LAP SPLICE IF ABOVE in= 
LAP SPLICE IF BELOW in "' 
HOOK EMBED INTO FTG in= 

# 7 
18.00 
Edge 

0.081 

1,020.0 
1,700.0 

20,892.0 
7.1 

82.2 
187.5 
12.00 
37.38 
37.38 

Masonry Data ------·---
fm psi= 
Fs psi= 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thiel<. 
Masonry Block Type = 

0.480 

5,163.8 
19,364.1 
40,368.0 

35.9 
82.2 

187.5 
12.00 
37.38 
37.38 

0.716 

9,169.8 
45,898.3 
64,133.3 

63.7 
82.2 

187.5 
12.00 
48.06 

17.25 

Concrete Data ----·--··----~--·-·---·----~----.---.·~~----·····---·--·---·--·~ 
fc psi= 3.000.0 3.000.0 3,000.0 
Fy psi= 60.000.0 60,000.0 60,000.0 

lilul 

lilt 
•. 

.. , 

.• ,, 
olllil 
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TCPI Title : Wall'C' H=15' Normal Page: __ _ 
436 Creamery Way, Suite 100 
Exton, Pa 19341 

Job# E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description .... 

Los Alamos Retaining Wall No. 1 Wall 'C" Height 'H' = 15'-0" Normal Loads EFP = 51 pcf 

This Wall In File: C:\Program Files\RP2005Uos alamos rw.q 
Retain Pro 2005, 7-April-2005, (c) 1989-2005 
www.retainpro.(:om/support for latest release 
Registration#; RP-11413a5 2005001 

_ Footing Design Results I 

Cantilevered Retaining Wall Design 

.J.QL ~ 
Factored Pressure 3,165 848 psf 
Mu':Upward 13,115 15,819ft-# 
Mu': Downward 1,769 46,337 ft-# 
Mu:Design 11,347 30,519ft-# 
Actuai1-Way Shear 18.74 38.44 psi 
Allow 1-Way Shear 82.16 82.16 psi Other Acceptable Sizes & Spacings 

Code: IBC 2003 

Toe Reinforcing # 9@ 31.75 in Toe: #4@ 6.50 in. #5@ 10.00 in. #6@ 14.00 in, #7@ 19.25 in, #8@ 25.25 in, #9@ 31 
Heel Reinforcing # 5@ 14.00 in Heel: #4@ 5.00 in, #5@ 7.50 in. #6@ 10.75 in, #7@ 14.50 in, #8@ 19.25 in, #9@ 24. 
Key Reinforcing None Spec'd Key: 
r -~--------- ----------·-· 
! Summary of Overturning & Resisting Forces & Moments 

..... OVERTURNING ••••• 
Force Distance Moment 

Item lbs ft ft-# 
-J~~~-~-

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing Load 
Added Lateral Load 

= 

Load @ Stem Above Soil = 

Total 

7,154.3 
-129.1 

5.58 
0.75 

7,025.3 O.T.M. 

39,945.1 
·96.8 

39,848.3 

Resisting/Overturning Ratio 2.60 

Vertical Loads used for Soil Pressure = 17,110.6 lbs 

Vertical component of active pressure used for soil pressure 

Soil Over Heel 
Sloped Soil Over Heel 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe = 
Stem Weight(s) = 
Earth@ Stem Transitions,. 
Footing Weighl 
Key Weight = 
Vert. Component 

Total= 

• .•.• RESISTING ••••• 
Force Distance 

lbs ft 

9,750.0 6.75 

0.00 

195.0 1.50 

2,812.5 3.63 

2,428.1 4.63 
281.3 3.63 

1,643.7 9.25 
17,110.6 lbs R.M.= 

·-~--------------------------- ------~-------·---·-------------

DESIGNER NOTES: 

Moment 
ft-# 

65,812.5 

292.5 

10,195.3 

11,230.1 
1,019.5 

15,204.5 ------··---
103,754.4 



15.in Cone w/ #7 @ 18.in ole 

15.in Concw/#7@ 9.in ole 

15.in Concw/#9@ 9.in ole 

15.in Cone w/ #9 @ 9 .in o/c 

@Toe 

#9@31.75in 

I 
Designer select) 

#5@14.in all horiz. reinf.! 

@ Heef See Appendix A, 

~--~·-o·~· ~-~+~·-3·:,_ ____ ~-~~----..; 
I , 

1---~~----i...-------..§::~=--------~ 
~ j 

[.. _____________________ ~~-------------! 

5'-0". 

6'-3" 

5'-0" 

3'-9"! 

1'-9" 

1'-6" 

___ _I_ 

15'-0" 15'-0" 

'"' 

'""' 
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436 Creamery Way, Suite 100 
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Los Alamos Retaining Wall No. 1 

Title · Wall 'C' H= 15' Seismic 
Job # : E-05129 Dsgnr: JJF 

Page: __ _ 
Date: MAY 25,2005 

Description ... 
Wall 'C' Height (H)= 15'-0" Seismic Load, EFP = 61pcf 

This Wall in File: C:\Program Fifes\RP2005\fos alamos rw.q 
Retain Pro 2005. 7-April-2005. (c) 1989-2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

Retained Height 
Wall height above soil 
Slope Behind Wall 

Height of Soil over Toe 

Water height over heel 

Wind on Stem 

15.00 ft 
0 00 ft 
0.00: 1 

6.00 in 

0.0 ft 

0.0 psf 

Allow Soil Bearing = 5.000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure 62.0 psf/ft 
Toe Active Pressure 62.0 psf/ft 
Passive Pressure 54.0 psf/ft 
Soil Density 130.00 pcf 
Footingl!Soil Friction 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Toe Width = 3.00 ft 
Heel Width 6.25 
Total Footing Width -----9.25-

Footing Thickness = 21.00 in 

KeyWidth 15.00in 
Key Depth 18.00 in 
Key Distance from Toe = 3. 00 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As% 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

L.'!s•u•rc•h•a•rgiii!e~LI!Io!lladlll!'s---~~~·· [-L-at-e-ra-1-Loa(fApplied to Stem 
Surcharge Over Heel 0.0 psf 

I ! Adjacent Footing Load 
Adjacent Footing Load = 0.0 lbs 

0.00 ft 
0.00 in 
0.00 ft 

I 
Used To Resist Sliding & Overturning 

Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

rAX:ial Load Applied to Stem 
Axial Dead Load 
Axial Live Load 
Axial Load Eccentricity 

i *Design Summary 

0.0 lbs 
0.0 lbs 
0.0 in 

• 
I 

Wall Stability Ratios 
Overturning = 2.13 OK 

Lateral load 
... Height to Top 
... Height to Bottom 

I Stem Construction 

Design Height Above Fts 
Wall Material Above "Ht" 

Sliding 1.22 Ratio< 1.5! Thickness 
Rebar Size 
Rebar Spacing 
Rebar Placed at 

Total Bearing Load 
... resultant ecc. 

17,059 lbs 
16.93 in 

0.0 #Jft 
0.00 ft 
0.00 ft 

I To~ Stem 
Stem OK 

ft= 10.00 
Concrete 

15.00 
# 7 

= 18.00 
Edge 

Footing Width : 
Eccentricity 
Wall to Ftg CL Dist = 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio = 

2nd 3rd 
Stem OK Stem OK 

3.75 0.00 
Concrete Concrete 

15.00 15.00 
# 7 # 9 
9.00 9.00 

Edge Edge 
Design Data 

fb/FB +fa/Fa 
--------

Soil Pressure@ Toe 3,532 psf OK 
Soil Pressure @ Heel 157 psf OK 

Allowable = 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 3,843 psf 
ACI Factored @ Heel 170 psf 

Footing Shear@ Toe = 23.0 psi OK 
Footing Shear @ Heel 45.1 psi OK 

Allowable = 82.2 psi 
Sliding Cales (Vertical Component NOT Used} 

Lateral Sliding Force 8,540.51bs 
less 100% Passive Force"' - 379.71bs 
less 100% Friction Force = '0.053.51bs 

Added Force Req'd 
... .for 1.5 : 1 Stability 

0.0 lbs OK 
2.377.6 !bs NG 

Load Factors ----·-------.-------
Building Code !BC 2003 
Dead Load 1.200 
Live load 1.600 

Total Force@ Section 
Moment.. .. Actual 
Moment. .... AIIowable 
Shear ..... Actual 

lbso: 
ft-#= 
ft-#= 
psi= 

Shear ..... Allowable psi= 
Wall Weight psf = 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in = 
LAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in= 

0.087 

1,085.0 
1,808.3 

20,892.0 
7.5 

82.2 
187.5 
12.00 
37.38 
37.38 

0.510 

5,492.8 
20,598.0 
40,368.0 

38.1 
82.2 

187.5 
12.00 
37.38 
37.38 

Masonry Data ----------- ·---
fm psi= 
Fs psi= 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Sofid Thiele 
Masonry Block Type= 

= 

0.761 

9,754.2 
48,823.2 
64,133.3 

67.7 
82.2 

187.5 
12.00 
48.06 

17.25 

0.0 ft 

0.300 

Earth. H 1.400 
Wind. W 1.600 Concrete Data -------------··--····--------·-·--------·---·-------···----···---·-

Seismic. E 1.000 
fc psi= 3.000.0 3.000.0 3.000.0 
Fy psi= 60,000.0 60,000.0 60,000.0 

.,. 

... 

•• 

•• 
!til 

•• 

!lllf 

•• 

•• 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall 'C' H= 15' Seismic Page: __ _ 
Job# : E~5129 Dsgnr: JJF Date: MAY 25,2005 
Description .... 

Waii'C' Height (H)= 15'-0" Seismic Load, EFP = 61pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005 . 7 -1\prif-2005. (c) 1989·2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

! Footing Design Results I 

Factored Pressure 
Mu': Upward 
Mu' : Downward 

__!Q!L_ ~ 
3,843 170 psf 

15,505 10,401 ft-# 
1,769 45,923 ft-# 

13.737 35.521 ft-# Mu: Design 
Actuai1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

22.98 45.08 psi 
82.16 82.16 psi Other Acceptable Sizes & Spacings 

# 5@ 15.00 in 
# 5@ 14.00 in 

= None Spec'd 

Toe: #4@ 6.50 in, #5@ 10.00 in, #6@ 14.00 in, #7@ 19.25 in. #8@ 25.25 in. #9@ 31 
Heel: #4@ 4.25 in, #5@ 6.50 in, #6@ 9.25 in. #7@ 12.50 in, #8@ 16.50 in. #9@ 20.7 
Key: 

••••• OVERTURNING ••••• 
Force Distance Moment 

Item 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing Load 
Added Lateral Load 

= 

Load @ Stem Above Soil = 

lbs ft ft-# 

8,697.4 5.58 48,560.7 
-156.9 0.75 -117.7 

Total 8,540.5 O.T.M. 48,443.0 

2.13 Resisting/Overturning Ratio 

Vertical Loads used for Soil Pressure= 17.058.8 lbs 

• .••• RESISTING ..... 
Force Distance Moment 

____ lbs ft ft-# 

Soil Over Heel 
Sloped Soil Over Heei 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe = 
Stem Weight(s) = 
Earth @ Stem Transitions= 
Footing Weight 
Key Weight 
Vert. Component 

9,750.0 6.75 65,812.5 

0.00 

195.0 1.50 292.5 

2,812.5 3.63 10,195.3 

2,428.1 4.63 11,230.1 
281.3 3.63 1,019.5 

1,591.9 9.25 14,725.1 

I 

---~~·--·~-

Vertical component of active pressure used for soil pressure 
Total= 17,058.8 lbs R.M.= 103,275.0 

DESIGNER NOTES: 



#5@15.in 

@Toe 

15.in Cone w/#7@ 18.in ole 

15.in Cone wt #7@ 9.in oie 

15.in Cone w/ #9 @ 9.in ole 

Designer select! 
#5@14.in all horiz. reinf.! 

@ Heel See Appendix A j 
i l l : 
! 3'-0" i 1'-3" ; 5'-0" ; 
r-·--~---·~~~~--~~------~--~---~~-~--·--~----~~~ 

! 3' 0" i 6' 3" I 
~--·--------~----··--··--------~---·-·-··-······--··-···-·--·-·-~ 

j 

·--··------------~~·~---------- _________ _.J 

i 
5'-0"! 

; 

I ----t 
! 
l 

l 15'-0": 
i 

2" 
__j_ 
----, 

6'-3" i 
; 

I 
j 
I 

1t-9" t 

__t.---x---f-
1 • 

1'-6" I 
_______ !__ 

i 
I 
l 
i 

15'-0" i 

l 

I~ 

4 .... 

•• ,. 
... 

•• 

•• 
•• 
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TCPI 
436 CreamefY Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Retain Pro 2005. 7-April-2005, (c} 1989-2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Title : Waii'C' H=15' Equipment Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description .... 

Wall "C" Height (H)= 15'-0" Equipment load EFP = 46 

This Wall in File: C:IProgram Files\RP2005\los alamos rw.q 

Cantilevered Retaining Wall Design Code: IBC 2003 

fl~ 
. -·--~--~~---·-·---·--··----~----~---~------·---··---~------·-·-· 

i Criteria I 
rsoii_Data __________________________ , [Footingoimensi(;'ll5-&stren-gthsl •• 

---
Retained Height "' 15.00 ft 

Wall height above soil 0.00 ft 

Slope Behind Wall 0.00: 1 

Height of Soil over Toe 6.00 in 

Water height over heel 0.0 ft 

Wind on Stem "' 0.0 psf 

Allow Soil Bearing = 5,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure 46.0 psftft 
Toe Active Pressure 46.0 psfift 
Passive Pressure 54.0 psflft 
Soil Density 130.00 pet 
FootingUSoil Friction 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Toe Width 
Heel Width 
Total Footing Width 

Footing Thickness 

3.00 ft 
6.25 

= ---e.g-
21.00 in 

Key Width = 15.00 in 
Key Depth 18.00 in 
Key Distance from Toe 3.00 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density = 150.00 pcf 
Min. As% 0.0018 
Cover@ Top = 2.00in @ Btm.= 3.00 in 

.,1 SI!Mur~c·h•a•rgi!e~LII!Io!lilla.,ds ___ -1111111~~ .. 1 p::ateral Load Applied to Stem 
Surcharge Over Heel 0.0 psf 

----------1 1 Adjacent Footing Load 
Adjacent Footing Load = 2,000.0 lbs 

8.00ft 
0.00 in 
6.00 ft 

I 
Used To Resist Sliding & Overturning 

Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

f Axial Load Applied to Stem 
Axial Dead Load = 
Axial live load = 
Axial load Eccentricity 

l *Design Summary 

Wall Stability Ratios 
Overturning 

0.0 lbs 
0.0 lbs 
0.0 in 

::J 
2.03 OK 

Lateral Load 
... Height to Tor: 
... Height to Bottom 

= 
0.0#/ft 

0.00 ft 
0.00 ft 

Footing Width 
Eccentricity 
Wall to Ftg Cl Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

0.0 ft 

0.300 

j Stem Construction I Top Stem 
,_--------~--~·--~S~-~-0-K---~-----~-----------

Deslgn Height Above Ftsi ft = 10.00 

2nd 3rd 
Stem OK Stem OK 

3.75 0.00 
Wall Material Above "Ht" Concrete Concrete Concrete 

Sliding = 1.46 Ratio< 1.5! Thickness 
Rebar Size 
Rebar Spacing 
Rebar Placed at 

15.00 
# 7 
18.00 
Edge 

15.00 15.00 

Total Bearing load 
... resultant ecc. 

= 15,955 lbs 
20.45 in 

Soil Pressure@ Toe 3,641 psf OK 
Soil Pressure @ Heel = 0 psf OK 

Allowable = 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 4,414 psf 
ACI Factored@ Heel 0 psf 

Footing Shear@ Toe 26.5 psi OK 
Footing Shear@ Heel = 36.7 psi OK 

Allowable 82.2 psi 

Sliding Cales (Vertical Component NOT Used) 
lateral Sliding Force = 7,387.1 lbs 
less 100% Passive Force= - 379.7 lbs 
less 100% Friction Force = 10,370.5 lbs 

Added Force Req'd 
... .for 1. 5 : 1 Stability 

0.0 lbs OK 
330.4 lbs NG 

Load Factors -- ----------------------··---------·-· 
Building Code IBC 2003 
Dead Load 1.200 
Live Load 1.600 
Earth, H 1.600 
Wind, W 1.600 
Seismic, E 1.000 

Design Data 
fb/FB +fa/Fa 
Total Force@ Section 
Moment. ... Actual 
Moment. .... Allowable 

= 
= 

lbs= 
ft-#= 
ft-#= 

Shear... .. Actual psi= 
Shear .... .AIIowable psi= 
Wall Weight psf = 
Rebar Depth 'd' in= 
LAP SPLICE IF ABOVE in= 
LAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in = 

0.106 

1,370.8 
2,211.9 

20,892.0 
9.5 

82.2 
187.5 
12.00 
37.38 
37.38 

# 7 
9.00 

Edge 

0.593 

5,977.6 
23,950.7 
40,368.0 

41.5 
82.2 

187.5 
12.00 
37.38 
37.38 

MasonfY Data ------------------
fm psi= 
Fs psi= 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv_ Solid Thick. 
MasonrJ Biock Type "' 

= 

# 9 
9.00 

Edge 

0.833 

9,866.1 
53,398.9 
64,133.3 

68.5 
82.2 

187.5 
12.00 
48.06 

17.25 
---~------------

Concrete Data ---------------------------··-------~----------------·----------------·---~--
fc psi= 3,000.0 3.000.0 3,000.0 
Fy psi= 60.000.0 60,000.0 60,000.0 

•• 
•• 

•• 

•• 
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TCPI Title : Wall 'C' H=15' Equipment 
Job# : E..05129 Dsgnr: JJF 

Page: __ _ 
436 Creamery Way, Suite 100 
Exton, Pa 19341 

Date: MAY 25,2005 
Description .... 

Los Alamos Retaining Wall No. 1 Wall "C" Height (H)= 15'-0" Equipment Load EFP::: 46 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005, 7-Aprii-2005. (c) 1989-2005 
www.retainpro.com/support tor latest release Cantilevered Retaining Wall Design Code: IBC 2003 
Registration#: RP-1141385 2005001 

Footing Design Results 

Factored Pressure 
Mu': Upward 
Mu': Downward 

~ 
4,414 

17,597 
1,769 

15,828 

I 
~ 

o psf 
7,718 ft-# 

33, 188 ft-# 
25,470 ft-# 

26.48 36.69 psi 
82.16 82.16 psi Other Acceptable Sizes & Spacings 

Mu: Design 
Actual1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

#9@31.75in 
= # 5@ 14.00 in 

None Spec'd 

Toe: #4@ 6.50 in, #5@ 10.00 in, #6@ 14.00 in, #7@ 19.25 in. #8@ 25.25 in, #9@ 31 
Heel: #4@ 6.00 in. #5@ 9.00 in, #6@ 13.00 in, #7@ 17.50 in, #8@ 23.00 in, #9@ 29. 
Key: 

-------------·---·-----------·-·-·-··-----l Summary of Overturning & Resisting Forces & Moments 
..... OVERTURNING ..... 

Force Distance Moment 
Item lbs ft ft-# 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing load 
Added lateral Load 

Load @ Stem Above Soil = 

6.452.9 
-116.4 

1,050.6 

5.58 
0.75 

8.85 

Total 7.387.1 O.T.M. 

Resisting/Overturning Ratio 

36,028.9 
-87.3 

9.296.0 

45,237.6 

2.03 

Vertical Loads used for Soil Pressure= 15.954.7 lbs 

Vertical component of active pressure NOT used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 
Sloped Soil Over Heei 
Surcharge Over Heel 
Adjacent Footing Load = 
Axial Dead Load on Stem= 

Soil Over Toe 
Surcharge Over Toe 
Stem Weight{s) 
Earth @ Stem Transitions= 
Footing Weight 
Key Weight = 
Vert. Component 

Total= 

. •••• RESISTING ••••• 
Force Distance Moment 

lbs ft ft-# 

9,750.0 6.75 

487.8 6.75 

0.00 

195.0 1.50 

2.812.5 3.63 

2,428.1 4.63 
281.3 3.63 

15,954.7 lbs R.M.= 

65,812.5 

3.292.7 

292.5 

10.195_3 

11.230.1 
1.019.5 

91,842.6 

) 



15.in Cone w/ #7@ 18.in o/c 

15.in Cone w/ #7@ 9.in o/e 

15.in Concw/ #9@ 9.in ole 

#9@31.75in 

@Toe I 
Designer select) 

#5@14.in all horiz. reinf. j 
@ Heel See Appendix A! I . I 

' J ' 
.,.. __ ~':Q::_ __ -+~-3·~ [ .. 5'-0'' I 

--------··---~ 

5'...()'' 

6'-3" i 

3'-9": 

i 

I 
15'-0"1 

I 
j 

i 
I 

I 
15'...()"1 

! 

---1 _ __Lt _ _l 
2" 

' 1·-s· :_1 

_j_ 
·-,-.>L.3" __ ~--• 
_____!_ 
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Adj Ftg Load = 2000.# 

Ecc."' O.in from CL 



TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Definitions: 

B ==Width of Toe (feet) 
C = Width of Heel (feet) 

W =Width of Base (feet) 

y ""' density of backfill (pet) 
y concrete density = ISO pcf 

Standard Calculation Sheet 
Subject: 

Wall Mk. ·c· Seismic 

\VALL Mark 'C' Seismic Loads 

1 of gl 
Date: 5131/2005 7:40AM I 

Wall C Seismic.mcd , 
I 

h wall ==Height of Wall over base (feet) 
tbase =thickness of Base (feet) 

tsrem ==Thickness of Stem (feet) 

EFPstatic =Design equivalent fluid pressure (pet), static condition. 

EFPAE =Design equivalent fluid pressure (pet), Active Earth pressure under seismic 
conditions .. 

<1> = Intemial angle offriction of the soil. 
o ~ Friction angle of soil to concrete wall. 
Kh =Alternate seismic force developed from the Geotechnical Calculations page I 2 in Appendix 'B' 

Wall Mk. 'C' Data: 

B := 3.0 (feet) hwall := 15.0 (feet) 

C := 5.0 (feet) W:::: 9.25 

Soil Data: y := 130 (pet) 

t Stem c 

w 

(feet) 

0 :== 22·deg 

I 
,j 

=ttBase 

WALL STABILITY ANALYSIS 

tstem := 1.25 (feet) 

(feet) 

<jl := 32·deg 

EFPstatic := 46 (pet) 

EFPAE :"' 62 (pcf) 

Iii ill 

''1111 

••• 
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TCPI 
436 Creamery Way 
Exton, PA 19341 
610-524-5920 

Suite 100 

<.~':§~':~;::: ':.;::>:~:::1 

! 

Standard Calculation Sheet 
Subject 

Wall Mk. ·c· Seismic 

Weights: 

Wstem := (0.150)·hwa!l"tstem 

Wbase := (0.150)· W·tbase 

y·hwan·C 
w.·,·=---

501 . 1000 

2 of9! 
Date: 5/31/2005 7:40AM I 

Wall C Seismic.mcd 

1 

(kips.per foot) 

Wstcm = 2.813 

Wbase = 2.428 

Wsoil = 9.75 

J 
H := hwall + 1base H = 16.75 (feet} 

B +ti2 

Wi2 

W-C/2 

' 
Stabilizing Forces 

Driving Forces: 

( ) 
1 2 

EFPstatic ·-·(H) 
2 

PsT := ------
1000 

. ) I ., 
(EFPA£ ·-·(H)~ 

2 
PsE := ------

1000 

Psr == 6.453 (kips) 

PsE = 8.697 (kips) 

~PI= 2.244 (kips) 

:.\P2 = 3.283 (kips) 

The larger value of either ,~Pi or ~p 2 is to be used in the seismic analysis 

(,\PJ 
L\ := I 

\ li.P., 
' -

.~P :;;:; maxC~) :.\P = 3.283 (kips) 



TCPI 
436 Creamery Way Suite 100 
Exton. PA 19341 
610-524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. ·c· Seismic 

Driving Forces and Moments about the Toe: 

,• 

~ 
I 

Earth 
Pressure 
Distribution 

3 of 91 
Date: 5/31/2005 7:40AM 1 

Wall C Seismic_mcd I 

Seismk 
load 
Distribution 

Horizontal Driving Force (HDF) is the sum ofP st and ~p in the horizontal direction: 

HDF :== {Psr + L\P)·cos(o) HDF =9.027 (kips) 

Driving Moment (Md) is the sum of the driving moments about the Toe. 

Md := (Psr0.333·H}cos(&) + (~P-0.6-H)-cos(&) Md = 63.96 (ft-kips) 

Resisting Forces and Moments about the Toe: 

Resisting Forces (RF) neglecting passive pressure, a conservative analysis: 

RF := tan(cp)(Wstem + Wbase + Wsoil + Psrsin(o) + L\P·sin(o)) 

RF"" 11.646 (kips) 

"Factor of Safety" against sliding is the ratio of RF to HDF 

. RF 
Ratlosliding := --- . ~ HDF Ratiosliding ==- 1.29 

,,, 
' 

... 
mil 

•Ill 

,, .. 
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I TCJ>l 
436 Creamery Way Suite 100 
Exton, PA 19341 
610--524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. ·c· Seismic 

I
I .:-\ calculation is from CRSI Handbook 

I 
As_required :== 

I .7-t'c·b-d 

2-fy 2 

( 
- ') 

2.89- l'c·b·dt 

- -., (;r 

As_required == 0.292 Inches2 p:= 
As required 

12-d 

Shear in Hell: 

Soil Pressure at d from front rear face of stem: 

ASPult ( d \ 
SP41 ult := SPJ ult + --. C--) SP41 ult = 2.108 (ksf) 

- - w 12 

Vheel := SP1 ulr(c- ~) + (SP41 ult- SPt ult)·(.!.)-(c- ~) 
- 12 - - 2 12 

Yheel = 7.428 (kips/foot) 

0.75-12-d-(2)-Jf c·lOOO 4JV -- ____ ,!___ __ 

n .- 1000 

Moments in Stem: 

Driving Forces: 

(EFPstatic)-; ·(hwat!)
2 

PsT := --------
1000 

- ) 1 ( -') 
(EFPAE ·-:;· _hwailf 

PsE :== "' 
1000 

4>Vn = 16.76 

PsT ~~ 5.175 (kips) 

PsE =, 6.975 (kips) 

(kips) 

(kipsifoot) 

8 of9 
Date: 5/31/2005 7:40AM 

Wall C Seismic.mcd 

p = 0.0014 

I 
I 

I 
I 
I 

I 
I 

_______; 



f

TC PI 
436 Creamery Way 
Exton, PA 19341 
~-10-524-5920 

Suite 100 
Standard Calculation Sheet 

Subject: 
Wall Mk. ·c· Seismic 

-----------------------------

b.P2 = 2.632 (kips) 

9of9 i 
Date: 5/31/2005 7:40AM j 

Wall C Seismic.mcd! 
I 

The larger value of either ;~p 1 or Af> 2 is to be used in the seismic analysis 

Let: ~p :=max(~) .c\P = 2.632 (kips) 

Mstem := UE{(Psrcos(o)-0.333hwall) + (~P·0.600·hwall)J 

Mstem = 47.659 (ft-kips) Let: 

A
5 

calculation is from CRSI Handbook 

1.7-f c·b·d 
As_required := 

As__require<l = 0.957 

2 

2.89-(fc·h·d)
2 

(fy)2 

Inches2 

Mu := Mstem 

6.8-f c·b·Mu·l2 

~r{fy)2 

p:= 
As required 

l2·d 

d := (12)·t~i:em- 3.0 

d = 12 (inches) 

p:::: 0.0066 

~--------------------------·----------------------------------------------~ 

••• 

•• 

•• 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title · Wall 'D' H=20' Normal 
Job# : E-05129 Dsgnr: JJF 

Page: __ _ 
Date: MAY 24,2005 

Description .... 
Waii'D' Height "H" = 20'-0" Normal Loads EFP = 51pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005. 7-Aprif-2005. (c) 1989-2005 
www.retalnpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

Retained Height 

Wall height above soil 
Slope Behind Wall 

Height of Soil over Toe 

Water height over heel 

Wind on Stem 

20.00 ft 
0.00 ft 
0.00:1 

6.00 in 

0.0 ft 

0.0 psf 

Allow Soil Bearing = 5,000.0 psf 
Equivaient Fluid Pressure Method 
Heel Active Pressure 51.0 psf/ft 
Toe Active Pressure 51.0 psflft 
Passive Pressure 54.0 psftft 
Soil Density 130.00 pd 
Footingi!Soil Friction 0.650 

Soil height to ignore 
for passive pressure O.OOin 

~~-~~-...-.- .. ~--~-~~---·--··--.~~~---~---------·--·· 

L Footing Dimensions & Strengths I 
Toe Width 
Heel Width 
Total Footing Width 

4.00 ft 
8.00 

"-··12.oo 
Footing Thickness = 27.00 in 

Key Width 24.00 in 
Key Depth 24.00 in 
Key Distance from Toe 4.00 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As % = 0.0018 
Cover@ Top = 2.00in @ Btrn.=- 3.00 in 

LI!IS•ull!lrc.h•a•rgi!-e•L•o!l!la•dl!llls _____ lll!ll•~•l l Lateral Load Applied to Stem 
Surcharge Over Heel 0.0 psf Lateral Load 0.0 #!ft. 

I I Adjacent Footing Load I 
Adjacent Footing Load O.Olbs 

Used To Resist Sliding & Overturning ... Height to Top = 0.00 ft. 
Surcharge Over Toe = 0.0 psf ... Height to Bottom = 0.00 ft. 
Used for Sliding & Overturning 

i Axial Load Applied to Stem 

Axial Dead Load 
Axial Live Load 
Axial Load Eccentricity 

0.0 lbs 
0.0 lbs 
0.0 in 

• 
Footing Width 0.00 ft 
Eccentricity = 0.00 in 
Wall to Ftg CL Dist 0.00 ft 
Footing Type 
Base Above/Below Soil 

0.0 ft at Back of Wall 
Poisson's Ratio 0.300 

I *Design Summary 

Wall Stability Ratios 
Overturning 

I ""r.s.te111m_c.o.n.s.tr.u.c.ti•o•n-·---~•l ~'!!...._-~E-~--------~ • • Stem OK Stem OK Stem OK 
Design Height Above Fts; ft= 13.00 5.00 0.00 

Sliding 

Total Bearing Load 
... resultant ecc. 

= 2.49 OK 
1.44 Ratio< 1.5! 

29,410 lbs 
15.05 in 

Soil Pressure@ Toe 3,988 psf OK 
Soil Pressure@ Heel = 914 psf OK 

Allowable 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe = 4,314 psf 
ACI Factored @ Heel 988 psf 

Footing Shear@ Toe 25.5 psi OK 
Footing Shear @ Heel 50.6 psi OK 

Allowable 82.2 psi 
Sliding Cales (Vertical Component NOT Used) 

Lateral Sliding Force = 12,431.31bs 
less 100% Passive Force = - 609.2 lbs 
less 100% Friction Force :: '7.231.51bs 

Added Force Req'd 0.0 lbs OK 
... .for 1.5 : 1 Stability = 806.2 lbs NG 

Load Factors ~---·----------~-------
Building Code IBC 2003 
Dead Load 1.200 
Uve load 1.600 
Earth. H 1.600 
Wind.W 
Seismic, E 

1.600 
1.000 

Wall Material Above "Ht" 
Thickness 
Rebar Size 
Rebar Spacing 
Rebar Placed at 

Design Data 
fb/FB + fa/Fa 
Total Force@ Section 
Moment. ... Actual 
Moment. .... AIIowable 
Shear... .. Actual 

= 
= 
= 
= 

= 
lbs= 
ft-#= 
ft-#= 
psi= 

Shear ..... Allowable psi = 
Wall Weight psf = 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in= 
lAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in= 

Masonry Data 
fm 
Fs 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. 
Masonry Block Type= 

psi= 
psi= 

Concrete 
24.00 
# 7 
15.00 
Edge 

0.105 

1,999.2 
4,664.8 

44,340.5 
7.9 

82.2 
300.0 
21.00 
37.38 
37.38 

Concrete 
24.00 
# 7 
7.50 

Edge 

0.530 

9,180.0 
45,900.0 
86,641.9 

36.4 
82.2 

300.0 
21.00 
37.38 
37.38 

Concrete 
24.00 
# 9 
7.50 

Edge 

o.ns 
16,309.8 

108,798.3 
139,872.0 

64.7 
82.2 

300.0 
21.00 
48.06 

17.25 

Concrete Data ·-·~----------·----~--·-·-··--------------·······-··----- ·······-···-··--···--····-···--·-···--
fc psi= 3.000.0 3,000.0 3.000 0 
Fy psi= 60.000.0 60.000.0 60,000 0 

.. , 
' 

.... 

'Ill 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall 'D' H=20' Normal Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description .... 

Wall '0' Height "H" = 20'-Q" Normal Loads EFP = 51pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005. 7-Aprti-2005. (c) 1989-2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

Footing Design Results 

Factored Pressure 
Mu': Upward 
Mu' : Downward 
Mu: Design 

I 
~ 

988 psf 
27,767 ft-# 
91.294 ft-# 
63,527 ft-# 

Actual 1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

~ 
4.314 

31,553 
3,864 

27.689 
25.50 
82.16 

50.59 psi 
82.16 psi Other Acceptable Sizes & Spacings 

= # 9@ 9.00 in 
:: # 9@ 12.00 in 

# 7@ 16.00 in 

Toe: #4@ 4.75 in, #5@ 7.50 in, #Q@ 10.50 in, #7@ 14.25 in, #8@ 18.75 in, #9@ 23. 
Heel: #4@ 3.25 in. #5@ 4.75 in, #B@ 6.75 in, #7@ 9.25 in, #8@ 12.25 in, #9@ 15.50 
Key: 

-~~~---~·-~---~r-~--·~·----~-~·-·•-·----~~-~·~.-~~-----. l Summary of Overturning & Resisting Forces & Moments I 
..... OVERTURNING ..••• 

Force Distance Moment 
Item lbs ft ft-# 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing Load 
Added Lateral Load 

Load @ Stem Above Soil = 

Total 

12,624.1 
-192.8 

7.42 
0.92 

12.431.3 O.T.M. = 

Resisting/Overturning Ratio = 

93,628.7 
-176.8 

93,451.9 

2.49 

Vertical Loads used for Soil Pressure :: 29.410.4 lbs 

Vertical component of active pressure used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 
Sloped Soil Over Heel 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight(s) = 
Earth @ Stem Transitions= 
Footing Weigh! = 
KeyWeight = 
Vert. Component 

Total= 

.. ••. RESISTING ••.•• 
Force Distance Moment 

lbs ft ft-# 

15,600.0 9.00 140.400_0 

0.00 

260.0 2.00 520.0 

6,0000 5.00 30,000.0 

4,050.0 6.00 24,300.0 
600.0 5.00 3,000.0 

2,9<?0.4 12.00 34,804.9 
--~~~--~~,~~ 

29,410.4 lbs R.M.= 233,024.9 



#9@9.in 

@Toe 

24.in Cone w/ #7@ 15.in ore 

24.in Cone w/ #7 @ 7.in ole 

24.in Cone w/ #9@ 7.in ole 

Designer selecti 
#9@12.in all horiz. reinf.l 
@ Heel See Appendix A1 

. i ' 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall "D" H= 20' Seismic Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description ___ _ 

Wall ·o· Height (H) = 20'-0" Seismic Loads EFP = 62pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005. 7-April-2005, (c) 1989-2005 
www.retalnpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

,---··---- -------------- ----------~-~------------•. 
lCriteria _ 

Retained Height 
Wall height above soil 
Slope Behind wan 
Height of Soil over Toe 

Water height over heel "' 

Wind on Stem 

20.00 ft 

0.00 ft 
0.00: 1 

6.00 in 

0.0 ft 

0.0 psf 

r·.s.o -_it"_o_a_t3 _______ -·-.--·-.---.• 'Footirlgoimensions&_s_irength$) 

Allow Soil Bearing 5.000.0 psf Toe Width 4.00 ft 
Equivalent Fluid Pressure Method Heel Width 8.00 
Heel Active Pressure 62.0 psf/ft Total Footing Width --- 12_00-
Toe Active Pressure 62.0 psf/ft Footing Thickness = 27.00 in 
Passive Pressure 54.0 psf/ft 
Soil Density 130.00 pet 
Footing!ISoil Friction 0.650 

Soil height to ignore 
for passive pressure O.OOin 

Key Width 24.00 in 
Key Depth 24.00 in 
Key Distance from Toe = 4.00 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00pcf 
Min. As% 0.0018 
Cover@ Top = 2.00in @ BL"11.= 3.00 in 

LIII!!IS•ulll!rc•h•a•rgi!e~LII!'o!'llladlll!ls _____ -11111!111_.1 !Lateral Load Applied to Stem 
Surcharge Over Heel 0.0 psf 

I I Adjacent Footing Load I 
Adjacent Footing Load 
Footing Width 
Eccentricity 

0.0 lbs 
0.00 ft. 
O.OOin 
0.00 ft. 

Used To Resist Sliding & Overturning 
Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

( Axial Load Applied to Stem 

Axial Dead Load 
Axial Live Load 
Axial Load Eccentricity 

0.0 lbs 
0.0 lbs 
0.0 in 

C:O:ign Sum--m-a-ry---------,1 

Wall Stability Ratios 
Overturning 2.04 OK 

Lateral Load 
... Height to Top 
... Height to Bottom 

0.0 #/ft. 
0.00 ft 
0.00 ft 

I Stem Construction ::J Top Stem 
Stem OK 

13.00 
Concrete 

Sliding 1.18 Ratio< 1.5! 

Design Height Above FtG ft = 
Wall Material Above "Ht" 
Thickness 24.00 

Total Bearing Load 
... resultant ecc. 

= 
= 

29,319 lbs 
23.57 in 

Soil Pressure@ Toe 4,843 psf OK 
Soil Pressure @ Heel = 43 psf OK 

Allowable = 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe = 5,255 psf 
ACI Factored @ Heel 47 psf 

Footing Shear @ Toe 31 A psi OK 
Footing Shear@ Heel 59.7 psi OK 

Allowable 82.2 psi 
Sliding Cales (Vertical Component NOT Used) 
Lateral Sliding Force = 15,112.5 lbs 
less 100% Passive Force = - 609.2 lbs 
less 100% Friction Force= ;7,231.51bs 

Added Force Req'd = 0.0 lbs OK 
.... for 1.5: 1 Stability 4,828.1 lbs NG 

Load Factors ------- --------------"---~---~----· 

Rebar Size 
Rebar Spacing 
Rebar Placed at 

= 

Design Data ----­
fb/FB + fa/Fa 
Total Force@ Section 
Moment. ... Actual 
Moment. .... AIIowable 
Shear. .... Actual 

lbs= 
ft-#= 
ft--# = 
psi= 

Shear.. ... AIIowable psi= 
Wall Weight psf = 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in= 
LAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in= 

Masonry Data 
fm 
Fs 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. 
Masonry Block Type = 

psi= 
psi= 

::: 

# 7 
15.00 
Edge 

0.088 
1,670.9 
3,898.8 

44,340.5 
6.6 

822 
300.0 
21.00 
37.38 
37.38 

Wall to Ftg CL Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

2nd 3rd 
Stem OK Stem OK 

5.00 0.00 
Concrete Concrete 

24.00 24.00 
# 7 # 9 
7.50 7.50 

Edge Edge 

0.443 0.650 

7,672.5 13,631.5 
38,362.5 90,931.9 
86,641.9 139,872.0 

30.4 54.1 
82.2 82.2 

300.0 300.0 
21.00 21.00 
37.38 48.06 
37.38 

17.25 

= 

0.0 ft 

0.300 

Building Code 
Dead load 
Live Load 
Earth.H 
Wind,W 
Seismic, E 

IBC 2003 
1.200 
1.600 
1.100 
1.600 
1.000 

Concrete Data -----------~·----- --·-··-------------------------------------·---------·-
fc psi"' 3.000.0 3,000.0 3,000.0 
Fy psi"' 60,000.0 60.000 0 60,000.0 

••• 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Retain Pro 2005, 7-Apnl-2005, (c) 1989-2005 

Title : Wall "D" H= 20' Seismic Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description .. 

Wall ·o• Height (H) = 20'-0" Seismic Loads EFP = 62pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 

www.retalnpro.comlsupport tor latest release Cantilevered Retaining Wall Design 
Registration#: RP-1141385 2005001 

Code: IBC 2003 

j Footing Design Results I 
___!QL ~ 

Factored Pressure 5.255 47 psf 
Mu': Upward 37,410 16.472 ft-# 
Mu': Downward 3,864 90,416 ft-# 
Mu: Design 33.546 73,944 ft-# 
Actual 1-Way Shear 31.39 59.69 psi 
Allow 1-Way Shear 82.16 82.16 psi Other Acceptable Sizes & Spacings 
Toe Reinforcing # 5@ 15.00 in Toe: #4@ 4.75 in, #5@ 7.50 in, #6@ 10.50 in, #7@ 14.25 in, #8@ 18.75 in, #9@ 23 . 
Heel Reinforcing # 5@ 14.00 in Heel: #4@ 2.75 in. #5@ 4.25 in. #6@ 6.00 in, #7@ 8.00 in, #8@ 10.50 in, #9@ 13.25 
Key Reinforcing None Spec'd Key: 

[SUmmary of Overtuming-&~R.-;sisting Forces & Moments 

Item 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing load 
Added lateral load 
load @ Stem Above Soil = 

Total 

..... OVERTURNING ••••• 
Force Distance Moment 

lbs ft ft-# 

15,346.9 7.42 113,823.1 
-234.4 0.92 -214.9 

15,112.5 O.T.M. = 113,608.2 

Resisting/Overturning Ratio 2.04 

Vertical Loads used for Soil Pressure= 29,319.0 lbs 

Soil Over Heel 
Sloped Soil Over Heei 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead load on Stem= 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight{s) = 
Earth @ Stem Transitions= 
Footing Weight 
Key Weight 
Vert. Component 

.. ... RESISTING ..... 
Force Distance 

fbs ft 

15,600.0 9.00 

0.00 

260.0 2.00 

6,000.0 5.00 

6.00 
5.00 

12.00 

Moment 
ft-# 

140,400.0 

520.0 

30,000.0 

24,300.0 
3,000.0 

33,707.6 

I 

4,050.0 
600.0 

___ 2,80~Q_ -----
Vertical component of active pressure used for soil pressure 

Total= 29,319.0 lbs R.M.= 231,927.6 

DESIGNER NOTES: 



#5@15.in 

@Toe 

24.in Cone w! #7@ 15.in ole 

24.in Cone w/ #7@ 7.in o/c 

24.in Cone wf #9@ 7.in ole 

Designer select! 
#5@14.in all horlz. reinf.i 
@ Heel See Appendix A i 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall '0' H= 20' Equipment Load Page: __ _ 
Job # : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description ___ . 

Wall "D" Height (H)== 20'-0" withe Equipment Loads 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.r, 
Retain Pro 2005. 7-Apnl-2005, (c) 1989-2005 
w-.vw.retainpro.comlsupport for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

lCriteria I 
Retained Height 20.00 ft 

Wall height above soil 0.00 ft 
Slope Behind Wall 0.00: 1 

Height of Soil over Toe 6.00 in 

Water height over heel 0.0 ft 

Windon Stem 0.0 psf 

[sonoaia·----~------- -------------- --~ 

Allow Soil Bearing = 5,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure 46.0 psf/ft 
Toe Active Pressure 46.0 psflft 
Passive Pressure 54.0 psf/ft 
Soil Density 130.00 pcf 
Footing!jSoil Friction = 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Toe Width 
Heel Width 
Total Footing Width 

Footing Thickness 

4.00 ft 
8.00 

= --------12.00 

27.00 in 

Key Width 24.00 in 
Key Depth 24.00 in 
Key Distance from Toe = 4.00 ft 

fc = 4,000 psi Fy = 60,000 psi 
Footing Concrete Density = 150.00 pcf 
Min. As% = 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

I _JI!Is.u.rc.h.a.r~g~e·L•ollla•d·s----~-·· r Lateral Load Applied to Stem 
Surcharge Over Heel 0.0 psf 

I .1 Adjacent Footing Load 1 
Adjacent Footing Load 2,000.0 lbs 

8.00 ft 
O.OOin 
6.00 ft 

Used To Resist Sliding & Overturning 
Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

L Axial Load Applied to Stem 
Axial Dead load = 
Axial live Load = 
Axial load Eccentricity 

L *Design Summary 

0.0 lbs 
0.0 lbs 
0.0 in 

I 
Wall Stability Ratios 
Overturning = 2.03 OK 

Lateral Load 
... Height to Top 
... Height to Bottom 

= 
= 

0.0 #/ft 
0.00 ft 
0.00 ft 

r--:=- --------------; 
i Stem Construction I Top Stem 
' Stem OK 

ft= 14.50 
Concrete 

Footing Width 
Eccentricity 
Wall to Ftg Cl Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

2nd 3rd 
Stem OK Stem OK 

5.00 0.00 
Concrete Concrete 

= 

= 

0.0 ft 

0.300 

Sliding 1.47 Ratio < 1.5! 

Design Height Above Ft~; 
Wall Material Above "Ht" 
Thickness 24.00 24.00 24.00 

Total Bearing load 
. ..resultant ecc. 

27,010 lbs 
26.22 in 

Soil Pressure@ Toe = 4,720 psf OK 
Soil Pressure @ Heel 0 psf OK 

Allowable = 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored @Toe 5.699 psf 
ACI Factored @ Heel 0 psf 

Footing Shear@ Toe = 33.9 psi OK 
Footing Shear@ Heel 46.8 psi OK 

Allowable 94.9 psi 

Sliding Cales (Vertical Component NOT Used) 
Lateral Sliding Force 12.366.4 lbs 
less 100% Passive Force= - 609.2lbs 
less 100% Friction Force = - i7,556.5 lbs 

Added Force Req'd = 0.0 lbs OK 
... .for 1.5: 1 Stability 383.9 lbs NG 

Load Factors ---- ····--·----------------~------·-·-------
Building Code IBC 2003 
Dead Load 1.200 
Live Load 1.500 
Earth,H 
Wind,W 
Seismic. E 

1.500 
1.500 
1.000 

Rebar Size 
Rebar Spacing 
Rebar Placed at 

Design Data 
tb/FB + fa/Fa 
Total Force@ Section 
Moment....Actual 
Moment .... Allowable 
Shear ..... Actual 

= 

lbs= 
ft-#= 
ft-#= 
psi= 

Shear ..... Allowable psi= 
Wall Weight psf = 
Rebar Depth 'd' in= 
LAP SPLICE IF ABOVE in = 
LAP SPLICE IF BELOW in = 
HOOK EMBED INTO FTG in = 

# 7 
15.00 
Edge 

0.067 

1,649.3 
2,966.1 

44,340.5 
6.5 

82.2 
300.0 
21.00 
37.38 
37.38 

# 7 # 9 
7.50 7.50 

Edge Edge 

0.616 0.848 

9,875.3 16,504.0 
53,400.5 118,668.4 
86,641.9 139,872.0 

39.2 65.5 
82.2 82.2 

300.0 300.0 
21.00 21.00 
37.38 48.06 
37.38 

14.94 
Masonry Data --------------~-------------------

fm psi= 
Fs psi= 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thiele 
Masonry Block Type = 

= 
= 

Concrete Data ---·------·----------------·-----------~---------------
fc psi= 3.000 0 3.000.0 3,000.0 
Fy psi== 60,000.0 60,000.0 60.000.0 

.... 

••• 

••• 

... 

•• 
-·· 

-·· 
•• 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Titie : Wall 'D' H= 20' Equipment Load Page: __ _ 
Job # E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description .... 

Wall "D" Height {H)= 20'-0" withe Equipment Loads 

This Wall in File: C:\Program Fi!es\RP2005\Ios alamos rw.q 
•· • Retain Pro 2005. 7-Aprii-2005, (c) 1989-2005 

www.retalnpro.com/support tor latest release Cantilevered Retaining Wall Design 
Registration#: RP-1141385 2005001 

Code: IBC 2003 

[i=ootin-9~o;si~es-~its·----~ 

Factored Pressure 
Mu': Upward 
Mu': Downward 
Mu: Design 

~~ 
5,699 0 psf 

40,283 13,392 ft-# 
3,864 63,450 ft-# 

36,419 50,058 ft-# 
33.90 46.84 psi 
94.87 94.87 psi Other Acceptable Sizes & Spacings 

Actual 1-Way Shear 
Allow i-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

# 9@ 9.00 in 
# 9@ 12.00 in 
# 7@ 16.00 in 

Toe: #4@ 4.75 in, #5@ 7.50 in, #6@ 10.50 in. #7@ 14.25 in. #8@ 18.75 in, #9@ 23. 
Heel: #4@ 4.00 in. #5@ 6.25 in. #6@ 8.75 in, #7@ 12.00 in. #8@ 15.50 in. #9@ 19.7 
Key: 

l Summary of Overturning &--Resisting Forces & Mom~nts ----------~ 

Item 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe 
Adjacent Footing Load 
Added lateral Load 
load @ Stem Above Soil = 

Total 

..... OVERTURNING ..... 
Force Distance Moment 

lbs ft ft-# 

11 ,386.4 7.42 84,449.4 
-173.9 0.92 -159.4 

1,153.9 13.34 15,396.6 

12,366.4 O.T.M. 99,686.5 

Resisting/Overturning Ratio 2.03 

Vertical Loads used for Soil Pressure= 27,010.0 lbs 

Vertical component of active pressure NOT used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 
Sloped Soil Over Heel 
Surcharge Over Heel 
Adjacent Footing load = 
Axial Dead load on Stem= 
Soil Over Toe 
Surcharge Over Toe = 
Stem Weight(s) = 
Earth @ Stem Transitions= 
Footing Weight = 
Key Weight 
Vert. Component = 

Total= 

..... RESISTING ..... 
Force Distance Moment 

lbs ft ft-# 

15,600.0 9.00 140.400.0 

500.0 9.00 4,500.0 

0.00 

260.0 2.00 520.0 

6,000.0 5.00 30,000.0 

4,050.0 6.00 24.300.0 
600.0 5.00 3,000.0 

27,010.0 lbs R.M.= 202,720.0 



24.in Cone w/ #7 @ 15.in ole 

24.in Cone w/ #7@ 7.in ole 

5'-6" 

9'-6" ! 20'-0" 20'-0" i 
I 
i 

24.in Cone w/ #9@ 7.in ole -------------------l 

#9@9.in 
@Toe i 

Designer select I 
#9@12.in all horiz_ reintj 
@Heel See Appendix Al ! 
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Pp= 

4720.4psf 

Adj Ftg load = 2000.# 
Ecc.= O.in from Cl 



TCPl 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Definitions: 

B =Width of Toe (feet) 
C = Width of Heel (feet) 

W =Width of Base (feet) 

y = density of backfill (pcf) 

y concrete density = 150 pcf 

Standard Calculation Sheet 
Subject: 

Wall Mk. '0' Seismic 

WALL Mark 'D' Seismic Loads 

1 of9 
Date: 5/31/2005 8:03AM 

Wall D Seismic.mcd 
I 

h wall= Height of Wall over base (feet) 
tbase =thickness of Base (feet) 

tstem =Thickness of Stem (feet) 

EFP static= Design equivalent fluid pressure (pcf), static condition. 

EFP AE = Design equivalent fluid pressure (pcf), Active Earth pressure under seismic 
conditions .. 

cp = lntemial angle of friction of the soil. 
o = Friction angle of soil to concrete wall. 
Kh =Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B' 

Wall Mk. 'D' Data: 

B := 4.0 (feet) hwall := 20.0 (feet) t!>tem := 2.00 (feet) 

c := 6.0 (feet) W:= 12 (feet) tbase := 2.25 (feet) 

Soil Data: y := 130 (pcf) o := 22·deg ~ := 32·deg 

EFP static := 46 (pcf) tst em c 
EFPAE:= 62 (pcf) 

Kn := 0.09 

w 
K 

WALL STABILITY ANALYSIS 
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ITCPJ 
, 436 Creamery Way 
Exton, PA 19341 

1610-524-5920 

B +t/1 J 
Wi2 

W-C/2 

Suite 100 

Stabilizing Forces 

Driving Forces: 

1 ? 
{EFPstatic)·-·(H)-

2 
PsT := ------

1000 

(EFPA£)·_!_·(H)
2 

2 
PsE := ------

1000 

Standard Calculation Sheet 
Subject: 

Wall Mk. '0' Seismic 

Weights: 

2 of91 
Date: 5/31~005 8:~3 AM 1 

Walt 0 Se;sm1c. mcd 

1 

(kips. per foot) 

Wstem := {O.ISO)·hwall·tstcm Wstem = 6.000 

Wbase := (0.150)· W·tba..<>e 

y·hwau·C 
WsoiJ:= ---

1000 

H := hwall + tbase 

PsT = 11.386 (kips) 

PsE = 15.347 (kips) 

L\P1 = 3.96 (kips) 

L\P2 = 5.792 (kips) 

Wbase = 4.05 

Wsoil = 15.6 

H = 22.25 (feet) 

The larger value of either L\P 1 or to.P2 is to be used in the seismic analysis 

Let: L\ := ( L\Pl t L\Pz 
L\P := max(L\) li.P = 5.792 (kips) 



TCPl 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. ·o· Seismic 

Driving Forces and Moments about the Toe: 

::r: 

I_/" 
,~ 

I 

Earth 
Pressure 
Disf•·ibutton 

3 of91 
Date: 5/31/2005 8:03AM I 

Wall D Seismic.mcd 

Seismk 
load 
Distribution 

Horizontal Driving Force (HDF) is the sum of P stand AP in the horizontal direction: 

HDF := (PsT + M>}·cos(o) HDF = 15.928 (kips) 

Driving Moment (Md) is the sum of the driving moments about the Toe. 

Md := (Psr0.333·H)·cos(o) + (AP·0.6·H)-cos(o) Md = 149.91& (ft-kips) 

Resisting Forces and Moments about the Toe: 

Resisting Forces (RF} neglecting passive pressure, a conservative analysis: 

RF := tan(q,)(Wstem + Wbase + Wsoil + Psrsin(&) + AP·sin(.s)) 

RF "'" 20.049 (kips) 

"Factor of Safety" against sliding is the ratio of RF to HDF 

. RF 
RatJOs!iding ::o= -. -

- HDF 
Ratiosliding "' 1.259 

••• 
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1

436 Creamery Way 
Exton, PA 19341 

1610-524-5920 

Suite 100 
Standard Calculation Sheet 

Subject: 
Wall Mk. '0' Seismic 

I Resisting Moments about the Toe Mr: 

I 

4 of9 
Date: 5/31/2005 8:03AM 

Wall D Seismic.mcd 

I . fw' (' c\ I Mr:= Wstenl"(B + tstem) + Wbase·l-:;-J + \Vsoil" W- ~I+ (PsT + j,P)·W·sin(o) 
! w -) 

l Mr = 277.923 (ft-kips) 

"Factor of Safety" against overturning the ratio ofMr to Md 

Mr 
RatiooT := -

Mct 
RatiooT = 1.854 

Calculate Soil Bearing Pressurs: 

Net Moment: ~M = 128.005 

~M 
X:=~----------------------~------~ 

(wstem + Wbase + Wsoil + Psrsin(o) + .1-P·sin(o)) 

R := (wstem + Wbase + Wsoil + Psrsin(o) + ~P·sin(o)) 

Eccentricity (e): 

Eccentricity := 

w 
e:=- -X 

2 
e = 2.01 

"OK Within Middle Third" if e ::; W 
6 

"Non in Middle one-third" otherwise 

Eccentricity = "Non in Middle one-third" 

(feet) 

(ft-kips) 

X =3.99 

R = 32.085 

w 
- =2 
6 

(feet) 

(kips) 

(feet) 

2R 
SP2 := ----,---,--

(
W '\ 

SP2 = 5.362 Maximum Soil Pearing Pressure (kipsfft2 ) 

1 3·(1.0)· 2 -c) 

l

l SP 1 o~ o.o 

Effective Soil Bearing Width (W') : 

Minimum Soil Pearing Pressure (kipsfft2 ) 

' (w \ I W' := 3·, - - e I 
I '- 2 ;· 

w· = 11.969 

L. 
-----------------------------------------------------------~ 



TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Concrete Design: 

Standard Calculation Sheet 
Subject: 

Wall Mk. 'D' Seismic 

5 of9 
Date: 5/31/2005 8:03AM 

Wall D Seismic.mcd 

The design on the concrete elements will be in accordance with ACI 318-02. 

See Section 9.2 of ACI 319-02 

UoL :"" 1.2 

Mct_ult := UE{(PsT·0.333·H)·cos(o) + (.:lP·0.6·H)·cos(o)] 

Mr_ult := Mr_ult_l + Mr_ult_2 

Net Ultimate Moment: ~Mult := Mr_ult- Md_ult 

AMuJt 
XuJt:= -( -) 

Rutt 

Rutt = 34.095 

Eccentricity (e): 

Eccentricity := 

Xult = 5.385 (feet) 

(kips) 

w 
Cult:= - - Xult 

2 
CuJt = 0.615 

w 
"OK Within Middle Third" if eult::::: -

6 

"Non in Middle one-third" otherwise 

Eccentricity = "OK Within Middle Third" 

~Mutt= 183.59 

(feet) 
w 
-=2 
6 

(ft-kips) 

(feet) 

Ruit ( Cult\ 
SP2 ult:= -. 1 + -) SP2_u!t = 2.987 Maximum Soil Pearing Pressure (kipsift2 ) 

- w w 

I 
I 

••• 

''"'I 
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ITCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610--524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. ·o· Seismic 

6 of9 
Date: 5/3112005 8:03AM 

Wall D Seismic.mcd 

Rult ( euit ~ 
sr, It·= --.J--1 

_u · W \. W) 
SPJ __ ult = 2.696 Minimum Soil Pearing Pressure 

(kips/ft2) 

ilSPult :-= SPz_ult- SP1_ult ilSPuJt = 0.291 (kipsfft2 ) 

-------------------------~4-SPS~ 
Pressure Diagram - Toe & Heel 

Soil Pressure at Front Face of Stem: 

L\SPuJt 
SP3 ult := SPz ult- --·(B) - - w SP3_ult = 2.89 (ksf) 

Soil Pressure at Rear Face of Stem: 

ilSPuJt 
SP4_ult := SP2_ult- --v;-·(B + tstem) SP4_ult = 2.841 (ksf) 

Moment at Front Face of Stem: 

., / .,, 
B- . (B) 2 ! B-

Mtoc := SP3 uJt·- + (SP2 ult- SP3 ulr)·-.( -)-B- Um_-(0.150)-tbase·l-
- 2 - -. 2 \3 \2/ 

I 
M10e = 20.397 (ft-kips) 1 

I I 
----------------------------------------------------~ 



TCPl 
436 Creamery Way Suite 100 
Exton, PA 19341 

Standard Calculation Sheet 
Subject: 

Wall Mk. 'D' Seismic 
610-524-5920 

Concrete Data: 

f' c := 3 ksi fy :== 60 ksi 

b :== 12 inches d := (12Hbase- 4 

As calculation is from CRSI Handbook 

1.7·f'c·b·d 
As_required :== 

2·fy 

As_required = 0.199 

Shear in Toe: 

2 

2.89·(fc·b·d)
2 

(ry)2 

lnches2 

Soil Pressure at d from front face: 

d = 23 inches 

p:= 
As required 

12·d 

hSPuit ( d \ 
SP31 ult:= SP2 ult- --· B--) - - w 12 

SP31_ult = 2.936 (ksf) 

Vtoe := SP31 ult·(B- ~) + (SP2 ult- SP31 ult)·(_!_)·(B- ~) 
- 12 - - 2 12 

V10e = 6.17 (kips/foot) 

ft-kips 

«PVn = 22.676 (kips/foot) 

Moment at Rear Face of Stem in the Heel: 

7 of9 
Date: 5/31/2005 8:03AM 

Walt D Seismic.mcd I 

4lr :== 0.90 

p = 0.0007 

-, . I 2\ 
. c ( . ) (C) ( 1) . . lc ) Mheel·= SP1 ulr- + SP4 ult- SP1 ult ·-· - ·C- UoL·(O.l50)-tbase· -

-· 2 - - 2 3 2 

Mhed = 42.104 (ft-kips) Let: 

.... 

.... 

,,._ 

••• 

••• 

•• 
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TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. '0' Seismic 

~A, calculation is fmm CRSI Handbook 

1.7·fc·b·d 1 /2.89-(fc·b·df 

2·fy - 2'J (t;l 

6.8·fc·b·Mu·l2 
As_required := 

As_required = 0.414 lnches2 p := 
As __ required 

12-d 

Shear in Hell: 

Soil Pressure at d from front rear face of stem: 

.!\SPuJt ( d) 
SP41 ult:= SP1 ult + --· C--- - w 12 

SP41 ult = 2.795 (ksf) 

Vheel := SPt uJt·(C - .i_)\ + ( SP 41 ult- SPJ utt)·(.!)·(C- .i.) 
- 12 - - 2 12 

Vheel = 11.209 (kips/foot) 

0.75·12·d·(2)·~f c·lOOO 
~Vn := 1000 cj>V0 = 22.676 (kips/foot) 

Moments in Stem: 

Driving Forces: 

PsT = 9.2 (kips) 

PsE ~; 12.4 (kips) 

(kips) 

8 of9l 
Date: 5/31/2005 8:03AM 1 

Wall D Seismic.mcd 1 
! 

p = 0.0015 



TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. ·o· Seismic 

AP2 = 4.68 (kips} 

9of9 
Date: 5/31/2005 8:03AM 

Wall D Seismic.mcd 

The larger value of either AP 1 or AP 1 is to be used in the seismic analysis 

Let: t. := (f.PJ J 
!iP2 

t.P := max{t.) t.P = 4.68 

Mstem := UE{(Psrcos(o )·0.333hwall) + ( M·0.600·hwa11)] 

Mstem == 112.97 (ft-kips) Let: Mu:= Mstem 

As calculation is from CRSI Handbook 

1.7·f'c·b·d 
As_required := ----

2·fy 

1 

2 
~ 

') 

2.89·(fc·b·dt 6.8·f c·b·M0 ·12 

(ry)2 cpr-(t;.)2 

(kips) 

d := ( 12)·tstem- 3.0 

d == 21 (inches) 

As_required = 1.271 Inches2 
As required 

p = 0.0050 p:= 
12·d 

Ill til 

'"I 
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WALLMK. 'E' 

-----···--·------.·--·-·---·"•'••··-·-··--1--
Loading Case Ov --·-----------··-··1 Remarks 

I ---····-.. -·---·-··--·----·--1 

------~ 
----·-···---·---·J \ 

i 
·---···! 

--·---··-----·-···-····.] 

erturning Sliding Maximum Controlling Case 
Ratio Ratio Soil for Strength 

Bearing Design 
Pressure ---· 

17.:::> 1.~46 4/8/ 
-·--· - -----

,21 1./S 4 7t>O 
-- r---- -

.27 I, .f f:; 4se..o !A' ... 
·--

. <1 I /. t' 3 .Jilt) 
-·-

-N:c;~:~;,-;~r-···-------·--·-···-----+---

l 
··~-----------¥-----~-----~--

l.~::~~~l-~~~:~:~: .. i.~ment __ I ! 
'l Seismic 2 I { 
·--·--····--·········---··---··-·-·-~·-.. --.-·-----

Seismic 1 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title · Wall "E" H == 24' Normal Page: __ _ 
Job# ~ E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description .... 

Waii"E" Height 'H'"' 24'..0" Normal loads EFP = 51pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.rt 
Retain Pro 2005. 7-April--2005. (c) 1989-2006 
www.retalnpro.com/support for latest release Cantilevered Retaining Wall Design 
Registration#: RP-1141385 2005001 

Code: IBC 2003 

[Criterfa--~-~~---------·------------~ ·s-onoata"·---------------------------~ [Footifl9-oime-nsionS&str--e-nsit.5·---~ 

Retained Height 24.00 ft Allow Soil Bearing "' 4.000.0 psf Toe Width = 5.50 ft 
Equivalent Fluid Pressure Method Heel Width 9.50 

Wall height above soil 
Slope Behind Wall 

Height of Soil over Toe 

Water height over heel 

Windon Stem 

0.00 ft 
0 00: 1 

0.00 in 

0.0 ft 

0.0 psf 

Heel Active Pressure 51 0 psf/ft Total Footing Width ---15.oif 
Toe Active Pressure 51.0 psfift Footing Thickness 27.00 in 
Passive Pressure 54.0 psf/ft 

Soil Density 130.00 pcf 
FootingfiSoil Friction 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Key Width 30.00 in 
Key Depth 24.00 in 
Key Distance from Toe 5.50 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As % = 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

------~--------------

'--11 S!lu•rc~h·a•rg!-e•L•o!l!la•dll!llls---~-..-1 ! Lateral Load Applied to Stem 
Surcharge Over Heel 0.0 psf 

I I Adjacent Footing Load 1 
Adjacent Footing Load 
Footing Width 
Eccentricity 

o.o lbs 
0.00 ft 
0.00 in 
0.00 ft 

Used To Resist Sliding & Overturning 
Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

[AXial Load Appiled to Stem I 
Axial Dead Load = 0.0 lbs 
Axial Live Load = 0.0 lbs 
Axial Load Eccentricity 0.0 in 

!_*Design Summary I 
Wall Stability Ratios 
Overturning 2.70 OK 

Lateral Load 
... Height to Top 
... Height to Bottom 

0.0 #/ft 
0.00 ft 
0.00 ft 

Wall to Ftg CL Dist 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

= 

= 0.0 ft 

0.300 

~i .s.te.m .. c.o.n.s.t.ru.c.t.io.n .. ~_.•-T~o~p~s~~~m~--~2~nd~----3~r~d ______ 4~~~----
, - Stem OK Stem OK Stem OK Stem OK 

Design Height Above Ft~ ft = 20.00 13.00 5.00 0.00 
Wall Material Above "Ht" Concrete Concrete Concrete Concrete 

Sliding 1.39 Ratio < 1.5! Thickness 
Rebar Size 
Rebar Spacing 
Rebar Placed at 

= 30.00 30.00 30.00 30.00 

Total Bearing Load 
... resultant ecc. 

40,689lbs 
12.78 in 

Soil Pressure@ Toe 3,868 psf OK 
Soil Pressure @ Heel 1,557 psf OK 

Allowable 4,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 4,181 psf 
ACI Factored @ Heel 1,683 psf 

Footing Shear@ Toe = 43.7 psi OK 
Footing Shear@ Heel 66.8 psi OK 

Allowable = 82.2 psi 
Sliding Cales (Vertical Component NOT Used) 

Lateral Sliding Force 17,442.0 lbs 
less 100% Passive Force= - 487.71bs 
less 100% Friction Force = !3,824.1 lbs 

Added Force Req'd 0.0 lbs OK 
... .for 1.5 : 1 Stability 1,851.2 lbs NG 

Load Factors ~--------------------------~-----
Building Code IBC 2003 
Dead Load 1 .200 
live Load 
Earth, H 
Wind,W 
Seismic, E 

1.600 
1.600 
1.600 
1.000 

= #5 #5 #7 #9 
12.00 6.00 6.00 6.00 

= Edge Edge Edge Edge 
Design Data 

tb/FB + fa/Fa 
Total Force @ Section 
Moment. ... Actual 

= 
lbs= 
ft-#= 

0.023 

652.8 
870.4 

Moment... .. AIIowable ft-# = 37.239.8 
Shear ..... Actual psi= 2.0 
Shear ..... AIIowable psi= 82.2 
Wall Weight psf == 375.0 
Rebar Depth 'd' in= 27.00 
LAP SPLICE IF ABOVE in= 21.36 
LAP SPLICE IF BELOW in= 21.36 
HOOK EMBED INTO FTG in = 

Masonry Data ~--­
fm 
Fs 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. 
Masonry Block Type= 

psi= 
psi= 

0.246 

4,936.8 
18,101.6 
73,629.0 

15.2 
82.2 

375.0 
27.00 
21.36 
21.36 

0.669 

14,728.8 
93,282.4 

139,428.0 
45.5 
82.2 

375.0 
27.00 
37.38 
37.38 

0.820 

23,500.8 
188,006.4 
229,237.5 

71.4 
822 

375.0 
27.44 
48.06 

17.25 

Concrete Data --------- -------------------~-------------------------------------------------
rc 
Fy 

psi= 3,000.0 
psi= 60,000.0 

3,000.0 
60,000.0 

3,000.0 
60,000.0 

3,000.0 
60,000.0 

••• i 

''!1111; 

••• 
'IIIII 

•• -
lilil 

-· 

...... 



'"! •. ;·I 

$('< ~~ 

\n.v-1 

TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall "E'' H = 24' Normal Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 24,2005 
Description .. _. 

Wall "E" Height 'H' = 24'-0" Normal loads EFP = 51pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.r} 

Retain Pro 2005. 7-April-2005. (c) 1989-2005 
www.retatnpro.comlsupport tor latest release Cantilevered Retaining Wall Design 
Registration#: RP-1141385 2005001 

Code: IBC 2003 

:~=~~tin9oesi9n-R~~t5-----~-~ 

Toe Heel 
Factored Pressure 4,181 1.683 psf 
Mu' : Upward 58,621 50,761 ft..# 
Mu': Downward 6,126 146,865 ft..# 
Mu: Design 52.496 96,104 ft-# 
Actuai1-Way Shear 43.72 66.80 psi 
Allow 1-Way Shear 82.16 82.16 psi Other Acceptable Sizes & Spacings 
Toe Reinforcing #9@ 12.00 in Toe: #4@ 3.75 in, #5@ 5.75 in, #0@ 8.00 in, #7@ 10.75 in, #8@ 14.25 in, #9@ 18.0 
Heel Reinforcing = # 9@ 12.25 in Heel: #4@ 2.50 in, #5@ 4.00 in, #6@ 5.50 in, #7@ 7.50 in, #8@ 9.75 in. #9@ 12.25 
Key Reinforcing = # 7@ 12.50 in Key: 

[Sltmmary of Overturning & Resisting For~es_&_M_o_m_e_n_ts ____ _ I 
..... OVERTURNING ..... . .... RESISTING ..... 

Force Distance Moment Force Distance Moment 
Item lbs ft ft..# lbs ft ft..# ---- ----------·--------------
Heel Active Pressure = 17,571.1 8.75 153.747.1 
Toe Active Pressure = ·129.1 0.75 ·96.8 
Surcharge Over Toe 
Adjacent Footing Load = 
Added Lateral Load 
Load @ Stem Above Soil = 

Total 153.650.3 

Resisting/Overturning Ratio 2.70 

Vertical Loads used for Soil Pressure = 40.689.5 lbs 

Vertical component of active pressure used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 21,840.0 11.50 251,160.0 
Sloped Soil Over Heel 
Surcharge Over Heel = 
Adjacent Footing Load = 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight(s) = 
Earth@ Stem Transitions= 
Footing Weigh! 
Key Weight 
Vert. Component 

9,000.0 

5,062.5 
750.0 

4,037.0 -·-------
Total = 40,689.5 ibs 

0.00 

6.75 60,750.0 

7.50 37,968.8 
6.75 5,062.5 

15.00 60,554.9 

R.M.= 415,496.2 



30.in Cone w/ #5 @ 12. in ole 

30.in Cone w/ #5 @ 6.in ole 

30.in Cone w/ #7@ 6.in ole 

30.in Cone w/ #9 @ 6.in ole 
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TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall 'E' H= 24 Seismic Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description .... 

Wall "E" Height (H)= 24'-0" Seismic EFP = 62 pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.11 
Retain Pro 2005. 7-April-2005, (c) 1989-2005 
www.retainpro.com/support for latest release 
Registration#; RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

LCriteria I 
Retained Height 24.00 ft 

Wall height above soil 0.00 ft 
Slope Behind Wall 0.00: 1 

Height of Soil over Toe 0.00 in 

Water height over heel 0.0 ft 

ltll'ind on Stem 0.0 psf 

[soTioiiia···~-~-----------1 

Allow Soil Bearing = 5,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure 62.0 psf/ft 
Toe Active Pressure = 62.0 psflft 
Passive Pressure 54.0 psf/ft 

Soil Density 130.00 pcf 

Footingi!Soil Friction 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Toe Width 
Heel Width 
Total Footing Width 

Footing Thickness 

5.50 ft 
9.50 

--15.oif 
27.00 in 

Key Width 30.00 in 
Key Depth = 24.00 in 
Key Distance from Toe 5.50 ft 

fc = 3.000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As % 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

I l Adjacent Footing Load ___ :J 
Adjacent Footing load 0.0 lbs 

..... L Sl!lu•rlll!lc•h•a•rgi!le•L•o!!!ia•dl!ls ____ lllll!l_.l ! Lateral Load Applied to Stem 
Surcharge Over Heel 0.0 psf 
Used To Resist Sliding & Overturning 

Surcharge Over Toe 0.0 psf 
Used for Sliding & Overturning 

~ial Load Applied to Stem 

Axial Dead Load 
Axial live Load = 
Axial Load Eccentricity = 

[*Design Summary 

Wall Stability Ratios 
Overturning = 

0.0 lbs 
0.0 lbs 
0.0 in 

I 
2.21 OK 

Lateral load 
... Height to Top 
... Height to Bottom 

L Stem Construction 

0.0 #1ft 
0.00 ft 
0.00 ft 

I 
ft= 

Top Stem 
Stem OK 

20.00 

Footing Width 0.00 ft 
Eccentricity 0.00 in 
Wall to Ftg Cl Dist 0.00 ft 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

3rd 
Stem OK 

5.00 

0.0 ft 

0.300 

4th 
Stem OK 

0.00 

Sliding 1.15 Ratio< 1.5! 

Design Height Above Ft~ 
Wall Material Above ftHt" 
Thickness 

= Concrete 
30.00 
# 5 
12.00 
Edge 

2nd 
Stem OK 

13.00 
Concrete 

30.00 
# 5 
6.00 

Concrete 
30.00 
# 7 
6.00 

Edge 

Concrete 
30.00 
# 9 

6.00 
Edge 

Total Bearing load 
... resultant ecc. 

= 40,562 lbs 
22.90 in 

Soil Pressure@ Toe = 4,769 psf OK 
Soil Pressure @ Heel 640 psf OK 

Allowable 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe 5,171 psf 
ACI Factored@ Heel = 694 psf 

Footing Shear@ Toe 53.2 psi OK 
Footing Shear@ Heel = 78.7 psi OK 

Allowable 82.2 psi 

Sliding Cales (Vertical Component NOT Used) 
Lateral Sliding Force 21,204.0 lbs 
less 100% Passive Force= - 487.7 lbs 
less 100% Friction Force= - !3.824.11bs 

Added Force Req'd 0.0 lbs OK 
... .for 1.5: 1 Stability 7,494.2 lbs NG 

Load Factors ----~-------------------··----
Building Code IBC 2003 
Dead Load 1.200 
Live load 1.600 
Earth, H 1.400 
Wind.W 
Seismic, E 

1.600 
1.000 

Rebar Size 
Rebar Spacing 
Rebar Placed at 

Design Data 
fb/FB +fa/Fa 
Total Force@ Section 
Moment.. .. Actual 
Moment. .... Allowable 

= 

lbs= 
ft-#:: 
ft-#= 

Shear ..... Actual psi= 
Shear ..... AIIowable psi= 
Wall Weight psf = 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in= 
LAP SPLICE IF BELOW in = 
HOOK EMBED INTO FTG in = 

0.025 

694.4 
925.9 

37.239.8 
2.1 

82.2 
375.0 
27.00 
21.36 
21.36 

Edge 

0.262 

5,251.4 
19,255.1 
73,629.0 

16.2 
82.2 

375.0 
27.00 
21.36 
21.36 

MasonryData ----------------------­
fm 
Fs 
Solid Grouting 
Special Inspection 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. 
Masonry Block Type = 

psi= 
psi= 

0.712 

15,667.4 
99,226.9 

139,428.0 
48.4 
82.2 

375.0 
27.00 
37.38 
37.38 

0.872 

24,998.4 
199,987.2 
229,237.5 

75.9 
82.2 

375.0 
27.44 
48.06 

17.25 

----

Concrete Data ------.. ·-------·-----------··-·-----·--------
fc psi= 3,000.0 3.000.0 3.000.0 3.000.0 
Fy psi= 60.000.0 60.000.0 60,000.0 60,000 0 

•••• 

.... 

... 

••• 

''Ill!! 
.... 

•• 
•• ... 

..... 



TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall 'E' H= 24 Seismic Page: __ _ 
Job# E-()5129 Dsgnr: JJF Date: MAY 25,2005 
Description .... 

Wall "E" Height (H) = 24'-()" Seismic EFP = 62 pcf 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.q 
Retain Pro 2005. 7April-2005. (c) 1989-2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

L_Footing Design Results I 

Factored Pressure 
Mu': Upward 
Mu' : Downward 

---IQL ~ 
5,171 694 psf 

69,932 34,056 ft-# 
6.126 145,439 ft-# 

63.807 111 ,384 ft-# 
53.22 78.68 psi 
82.16 82.16 psi Other Acceptable Sizes & Spacings 

Mu: Design 
Actuai1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

#9@ 12.00in 
# 9@ 12.25 in 
# 7@ 12.50 in 

Toe: #4@ 3.00 in. #5@ 4.75 in. #6@ 6.50 in, #7@ 8.75 in, #8@ 11.75 in. #9@ 14.75 
Heel: #4@ 2.50 in, #5@ 3.75 in, #6@ 5.25 in. #7@ 7.00 in, #8@ 9.00in, #9@ 11.50 
Key: 

~--------------·----------------------------

Summary of Overturning & Resisting Forces & Moments ----~, 

•...• OVERTURNING ..... 
Force Distance Moment 

Item lbs ft ft-# 

Heel Active Pressure 
Toe Active Pressure 
Surcharge Over Toe = 
Adjacent Footing Load 
Added Lateral Load 

Load @ Stem Above Soil = 

Total 

21,360.9 
-156.9 

21,204.0 

Resisting/Overturning Ratio 

8.75 
0.75 

186,908.2 
-117.7 

O.T.M. = 186,790.5 

= 2.21 

Vertical Loads used for Soil Pressure= 40,562.2 lbs 

Vertical component of active pressure used for soil pressure 

----~--------··---------------.. 
DESIGNER NOTES: 

• .... RESISTING ..... 
Force Distance Moment 

lbs ft ft-# 
----

Soil Over Heel 21,840.0 11.50 
Sloped Soil Over Hee! 
Surcharge Over Heel 
Adjacent Footing Load 
Axial Dead Load on Stem= 

Soil Over Toe 
Surcharge Over Toe = 
Stem Weight(s) = 
Earth@ Stem Transitions= 
Footing Weight = 
Key Weight 

0.00 

9,000.0 6.75 

5,062.5 7.50 
750.0 6.75 

Vert. Component __ ......1_,909.7 15.00 

Total= 40.562.2 lbs R.M.= 

251,160.0 

60,750.0 

37,968.8 
5,062.5 

58,645.8 

413,587.0 



30.in Cone w/ #5@ 12.in ole 

30.in Cone w/ #5@ 6.\n ole 
I 

---4 
I 
I 

7'-o· I 
! 

30.in Cone w/ #7@ 6.in ole 
~~I -----------1 
!24'-0" 124'-0" i 

30.in Cone w/ #9@ 6.in ole 

#9@12.in 
@Toe I 

Qesigner select! 
#9@12.251!111 horiz. reinf.! 
@ Heel See Appendix A! , , 1 

L _______ 5'-Q" ____ _l_?~:6· .. l _________ !::Q:. __ _J, 
I s·-Q" I g·_s.. ! 
--------~-~----....... ··--·----~---~·~---·---------
1 ' 
! 15.-0.. i 
!....--------------------------~-----·-······-----·-- .-.---------.........! 

i I ! 

i 
8'-0"i 

1 

I 
s·~·! i 

2" : I 

=:!---~~~-L_i_ 
2'-3"! 

.i .,.. i 
=-+~.>.L.--~+ 

2'-0" i 
! 

····--····--·l-

..... 

••• 

•• 
•• 
•• 



Pp= 
639.61psf 

4768.7psf 



TCPI 
436 Creamery Way, Suite 100 
Exton, Pa 19341 
Los Alamos Retaining Wall No. 1 

Title : Wall 'E' H=24' Equipment Page: __ _ 
Job# : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Description .... 

Wall "E" Height (H) = 24' -0" Equipment load EFP = 46 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.rr 
Retain Pro 2005 . 7-Aprii-ZC.OS, (c) 1989-2005 
www.retainpro.com/support for latest release 
Registration#: RP-1141385 2005001 

Cantilevered Retaining Wall Design Code: IBC 2003 

Retained Height 
Wall height above soil 
Slope Behind Waif 

Height of Soil over Toe 

Water height over heel 

Wind on Stem 

24.00 ft 
0.00 ft 
0.00: 1 

0.00 in 

0.0 ft 

0.0 psf 

Allow Soil Bearing = 5,000.0 psf 
Equivalent Fluid Pressure Method 
Heel Active Pressure 46.0 psf/ft 
Toe Active Pressure 46.0 psflft 
Passive Pressure 54.0 psflft 
Soil Density 130.00 pcf 
Footingj!Soil Friction 0.650 

Soil height to ignore 
for passive pressure 0.00 in 

Toe Width 
Heel Width 
Total Footing Width 

Footing Thickness 

5.50 ft 
9.50 

15.00 

27.00 in 

Key Width 30.00 in 
Key Depth 24.00 in 
Key Distance from Toe 5.50 ft 

fc = 3,000 psi Fy = 60,000 psi 
Footing Concrete Density 150.00 pcf 
Min. As% 0.0018 
Cover@ Top = 2.00 in @ Btm.= 3.00 in 

[ ._, Sll!lu•r•c•h•alllirgiJ!Ie•L•o~a·dll!ls ____ ~ ... l i Lateral Load Applied to Stem I [AdjaCent Footing Load ) 
Surcharge Over Heel 0.0 psf 
Used To Resist Sliding & Overturning 

Surcharge Over Toe 0.0 psf 

Lateral Load 
... Height to Top 
... Height to Bottom 

= 
= 

0.0 #If! 
0.00 fl 
0.00 fl 

Used for Sliding & Overturning 

i Axial Load Applied to Stem 
Axial Dead Load 
Axial Live Load = 
Axial Load Eccentricity = 

0.0 lbs 
0.0 lbs 
0.0 in 

I 

':1! ·.o.e~s-igiln~S1111u.mll!llm-ary .. _____ •• \ Stem Construction 
Wall Stability Ratios Design Height Above Ft£ 

I 
ft= 

Overturning 2.27 OK Wall Material Above "Ht" 
Sliding = 1.46 Ratio < 1.5! Thickness 

Total Bearing Load 
... resultant ecc. = 

37,162 lbs 
24.73 in 

Soil Pressure@ Toe = 4,520 psf OK 
Soil Pressure @ Heel = 435 psf OK 

Allowable 5,000 psf 
Soil Pressure Less Than Allowable 

ACI Factored@ Toe = 5,448 psf 
ACI Factored@ Heel = 525 psf 

Footing Shear@ Toe = 56.0 psi OK 
Footing Shear@ Heei 58.9 psi OK 

Allowable 82.2 psi 

Sliding Cales (Vertical Component NOT Used} 
Lateral Sliding Force 16,924.9lbs 
less 100% Passive Force= - 487.71bs 

Rebar Size 
Rebar Spacing 
Rebar Placed at 

Design Data 
fb/FB +fa/Fa 
Total Force@ Section lbs"' 
Moment....Actual ft-# = 
Moment. .... AIIowable ft-# = 
Shear.. ... Actual psi = 
Shear ..... AIIowable psi"' 
Wall Weight psf = 
Rebar Depth 'd' in = 
LAP SPLICE IF ABOVE in = 
LAP SPLICE IF BELOW in= 
HOOK EMBED INTO FTG in = 

Top Stem 
Stem OK 

20.00 
Concrete 

30.00 
# 5 
12.00 
Edge 

0.029 

873.3 
1,096.8 

37,239.8 
2.7 

82.2 
375.0 
27.00 
21.36 
21.36 

Adjacent Footing Load 2,000.0 lbs 
Footing Width 8.00 ft 
Eccentricity = 0.00 in 
Wall to Ftg CL Dist 6.00 fl 
Footing Type 
Base Above/Below Soil 

at Back of Wall 
Poisson's Ratio 

2nd 3rd 
Stem OK Stem OK 

13.00 5.00 
Concrete Concrete 

30.00 30.00 
# 5 # 7 
6.00 6.00 

Edge Edge 

0.305 0.738 

5,748.8 15,048.6 
22,485.6 102,892.0 
73,629.0 139,428.0 

17.7 46.4 
82.2 82.2 

375.0 375.0 
27.00 27.00 
21.36 37.38 
21.36 37.38 

0.0 fl 

0.300 

4th 
Stem OK 

0.00 
Concrete 

30.00 
# 9 

6.00 
Edge 

0.861 

23,074.3 
197,460.5 
229,237.5 

70.1 
82.2 

375.0 
27.44 
48.06 

17.25 

less100%FrictionForce = !4,155.01bs Masonry Data 
f'm 

---~-----__._..~-~~-~--------~-~~------~--

Added Force Req'd 0.0 lbs OK 
... .for 1.5: 1 Stability 744.6 lbs NG 

load Factors ---··-----··-··--·-·--·-·---··--·----·-·-· 
Building Code IBC 2003 
Dead Load 1.200 
Uve load 1.600 
Earth, H 1.600 
Wind,W 
Seismic. E 

1.600 
1.000 

Fs 
Solid Grouting 

psi= 
psi= 

Special Inspection "' 
Modular Ratio 'n' 
Short Term Factor 
Equiv. Solid Thick. 
Masonry Block Type"' 

Concrete Data .... ---·-----.---·--------·-----··-·------·------·--
fc psi= 3,000.0 3,000.0 3,000.0 3,000.0 
Fy psi"' 60.000.0 60,000 0 60,000.0 60,000.0 

"''Ill 
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TCPI Title : Wall 'E' H'='24' Equipment Page: __ 
436 Creamery Way, Suite 100 
Exton, Pa 19341 

Job# : E-05129 Dsgnr: JJF Date: MAY 25,2005 
Desc;iption .... 

Los Alamos Retaining Wall No. 1 Wall "E" Height (H) = 24' -0" Equipment Load EFP = 46 

This Wall in File: C:\Program Files\RP2005\Ios alamos rw.rJ 
Retain Pro 2005, 7-Aprii-2005, (cj 1989-2005 
www.retainpro.comtsupport tor latest release Cantilevered Retaining Wall Design Code: IBC 2003 
Registration#: RP-1141385 2005001 

·~,:.;~tin9De;i9nR:e-s-u-it5-----, 

Factored Pressure 
Mu': Upward 
Mu' : Downward 
Mu: Design 

_!QL ~ 
5,448 525 psf 

73,305 31,617 ft-# 
6.126 101,651 ft-# 

67,180 70,033 ft-# 
56.04 58.94 psi 
82.16 82.16 psi Other Acceptable Sizes & Spacings 

Actual 1-Way Shear 
Allow 1-Way Shear 
Toe Reinforcing 
Heel Reinforcing 
Key Reinforcing 

#9@ 12.00 in 
# 9@ 12.25 in 
#7@12.50in 

Toe: #4@ 3.00 in. #5@ 4.50 in, #6@ 6.25 in. #7@ 8.50 in, #8@ 11.00 in, #9@ 14.00 
Heel: #4@ 3.00 in, #5@ 4.50 in, #6@ 6.25 in, #7@ 8.50 in, #8@ 11.00 in, #9@ 14.00 
Key: 

-------·---·----
Summary of Overturning & Resisting Forces & Moments 

•.••• OVERTURNING ..... 
Force Distance Moment 

Item lbs ft ft-# -------
Heel Active Pressure = 15.848.4 8.75 138.673.8 
Toe Active Pressure = -116.4 0.75 -87.3 
Surcharge Over Toe = 
Adjacent Footing Load 1.192.9 16.84 20,083.4 
Added Lateral Load 

Load @ Stem Above Soil = 

Total 16,924.9 O.T.M. = 158,669.9 

Resisting/Overturning Ratio 2.27 

Vertical Loads used for Soil Pressure = 37,161.6 lbs 

Vertical component of active pressure NOT used for soil pressure 

DESIGNER NOTES: 

Soil Over Heel 
Sloped Soil Over Heei 
Surcharge Over Heel 
Adjacent Footing Load = 
Axial Dead Load on Stem = 
Soil Over Toe 
Surcharge Over Toe 
Stem Weight(s) = 
Earth@ Stem Transitions= 
Footing Weigh! 
Key Weight 
Vert. Component = 

Total= 

••••• RESISTING ..... 
Force Distance Moment 

lbs ft ft-# 

21,840.0 

509.1 

9,000.0 

5,062.5 
750.0 

11.50 

11.50 

0.00 

6.75 

7.50 
6.75 

37,161.6 lbs R.M.= 

251,160.0 

5.854.5 

60,750.0 

37,968.8 
5,062.5 

360,795.8 

I 



30.in Cone w/ #5@ 12.in ole 

4'-0"' 

30.in Cone w/ #5@ 6 in ole 

30.in Cone w/ #7@ 6.in ole --~~------~--------11 i 
~~4'·0" 124'-0K i 
; . i I , 

8'-0" 

30.in Cone w/ #9@ 6.in ole 
---------~~-~---- l 

#9@12.in 
@Toe 

i 
Qesigner select! 

#9@12.251~11 horiz. reinf.i 
@ Heel See Appendix Ai 

~ 
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r-------·· __ §:§.':_ ---- ----· ~-~.~-=------ i'~~§-=---------------~ 
!-4 ·~···-·---···--·~--~----··- --··-·--·· - ··-··-_._....·.~-~------·--·---·--~~~~-~-·- ----· -P. 

5'-0"1 
I 

2" I . . 
_...t __ -+-t _ __j~~l 
' 2'-3"1 
_l-.3.: ' 
-r --. 

. 2'-o"l 
' __________ i 

lllitl 

... 

••• 

.... 
,,,. 

•• 



Pp= 

4519.7psf 

Adj Ftg Load :: 2000.# 
Ecc.= O.in from CL 



TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Definitions: 

Standard Calculation Sheet 
Subject: 

Wall Mk. 'E' Seismic 

\VALL Mark 'E' Seismic Loads 

1 of9l 
Date: 5/31/2005 7:41AM I 

WallE Seismic.mcd 1 

B =Width ofToe (feet) 
C ~ Width of Heel (feet) 

h wall = Height of Wall over base (feet) 
tbase =thickness of Base (feet) 

W = Width of Base (feet) 

y = density of backfill (pcf) 

y c{)ncrete density = 150 pcf 

tstem"" Thickness of Stem (feet) 

EFP static= Design equivalent fluid pressure (pcf), static condition. 

EFP AE"" Design equivalent fluid pressure (pcf), Active Earth pressure under seismic 
conditions .. 

4> = Intemial angle of friction of the soil. 
o = Friction angle of soil to concrete wall. 
Kh =Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B' 

Wall Mk. 'E' Data: 

B := 5.5 (feet) hwa]l := 24.0 (feet) lstem := 2.50 (feet) 

C :"" 7.0 (feet) W:= 15 (feet) tbase := 2.25 (feet) 

Soil Data: y := 130 (pcf) o := 22-deg cP := 32-deg 

EFP static := 46 (pcf) t 
stem c 

(pcf) 

w J 
=+tBase 

WALL STABILITY ANALYSIS 

••• 
.... 
••• 

••• 

Ill•• 

••• 
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••• 



,, ' TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

B +t/2 J 
W!l 

W-Cl2 

Stabilizing Forces 

Driving Forces: 

. I -, 
{EFPstatic)·-; ·(H}-

Psr:= -
1000 

(EFPAE)·_!.·(H)
2 

2 
PsE := ------

1000 

Standard Calculation Sheet 
Subject: 

Wall Mk. 'E' Seismic 

Weights: 

2 of9 
Date: 5/31/2005 7:41AM 

WallE Seismic.mcd 

(kips.per foot) 

W siem := (0.150)-hwaH·tstem W stem= 9.000 

\Vbase := (0.150)- W-tbase Wbase = 5.063 

y·hwan·C 
WsoiJ:= ---

1000 

H := hwall + tbase 

Psr = 15.848 (kips) 

PsE = 21.361 (kips) 

~PJ = 5.512 (kips) 

(kips) 

Wsoil = 21.84 

H = 26.25 (feet) 

The larger value of either L\P1 or ~P2 is to be used in the seismic analysis 

f:W1 
.~ ·~~ I - . I ,~p.., 

"· .... 

Let: ~p := max(l) L\P = 8.062 (kips) 



TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. 'E' Seismic 

Driving Forces and Moments about the Toe: 

Earth 
Pressure 
Distribution 

3 of91 
Date: 5/31/2005 7:41AM, 

WallE Seismlc.mcd I 

Seismic 
load 
Distribution 

Horizontal Driving Force (HDF) is the sum ofPst and .:lP in the horizontal direction: 

HDF := (PsT + .w)-cos{o) HDF = 22.169 (kips) 

Driving Moment (Md) is the sum of the driving moments about the Toe. 

Mct := (Psr0.333· H)·cos(o) + (~P·0.6·H)·cos(&) Mct = 246.179 (ft-kips) 

Resisting Forces and Moments about the Toe: 

Resisting Forces (RF) neglecting passive pressure, a conservative analysis: 

RF := tan(q,)(wstem + Wbase + Wsoil + Psrsin(o) + 8P·sin(o)) 

RF::: 28.031 (kips) 

"Factor of Safety" against sliding is the ratio of RF to HDF 

RF 
Ratioslidin!> :~" --

"' HDF 
Ratiosliding = 1.264 

••• 

..... 

,,, 

··~ 
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••• 
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TCP1 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Standard Calculation Sheet 
Subject 

Wall Mk. 'E' Seismic 

4 of9l 
Date: 5/31/2005 7:41AM I 

WallE Seismic.mcd 

lr-. Resisting Moments about the Toe Mr: 
i 

I . · · . , (w\ . ( . c' . . . _. 

I 
Mr := \\'stcni'(B + tstem) + \vbase·(-:;-1 + Wsoit·l \V- :;) + (Psr + ~P)·W·sm(o) 

'· ~ J \, -

Mr = 495.484 (ft-kips) 

"Factor of Safety" against overturning the ratio of Mr to Md 

Ratioor = 2.0 I3 

Calculate Soil Bearing Pressors: 

Net Moment: D.M = 249.305 

X:= (wstem + Wbase + Wsoil + PsT'sin(o) + ~P·sin(o)) 

R := {wstem + Wbase + Wsoil + PsT'sin(&) + ~P·sin(o)) 

Eccentricity (e): 

Eccentricity := 

e :== W- X 
2 

e = 1.943 

w 
"OK Within Middle Third" if e .$ -

6 

"Non in Middle one-third" otherwise 

Eccentricity = "OK Within Middle Third" 

(feet) 

(ft-kips) 

X= 5.557 

R = 44.86 

w 
- =2.5 
6 

(feet) 

(kips) 

(feet) 

SP2 = 3.378 Maximum Soil Pearing Pressure (kips/ft2 ) 

R ( e \ 
SP1 := -·! I --! 

w ( w) 
SP1 = 2.603 

Minimum Soil Pearing Pressure (kips/ft2 ) I 
l 

I 
L I 

------------------------------------------------------------~ 



TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 

I 610-524-5920 

Concrete Design: 

Standard Calculation Sheet 
Subject: 

Wall Mk. 'E' Seismic 

5 of9 I 
Date: 5i31/2005 7:41 AM I 

Waf! E Seismic.mcd 

1 

The design on the concrete elements will be in accordance with ACI 318-02. 

See Section 9.2 of ACI 319-02 

Uor. := 1.2 u1-1 := t.6 

Mr_ult_2 := UoL{(Psr + ~P)·W·sin(8~ 

Mr_ult := Mr_ult_l + Mr_ult_2 

Net Ultimate Moment: ~Mult := Mr_ult- Mct_ult 

~Mult 
Xult::: -( ) 

Rult 

Rult = 47.672 

Eccentricity (e): 

Eccentricity:= "OK 

Xult = 7.308 

(kips) 

w 
eult := - - Xult 

2 

(feet) 

eult = 0.192 

w 
Within :Middle Third" if eult :5:-

6 

"Non in Middle one-third" othenvise 

! Eccentricity "' "OK Within Middle Third" 

I 

~Mult = 348.402 

(feet) w 
- =2.5 
6 

(ft-kips) 

(feet) 

I Rult ( Cult \I 
I SP2 ult :"~ -. ·t' I + -.) SP2 ult ""3.219 L-- \\!, \V 

Maximum Soil Pearing Pressure (kips/ft2 ) 

_j 

"'' 

... 

.... 
"'I 

••• 

.... 

••• 

,,.., 

''"* 
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Standard Calculation Sheet 
Subject: 

Wall Mk. 'E' Seismic 

6 of9 I 
Date: 5/31/2005 7:41AM 

WallE Seismic.mcd 

r------------------------------------------------------------------------. 
/ \ 

Sp . Rutt f eult 1 
I ult·= -·, 1- -) w \ w SP1_u1t== 3.138 Minimum Soil Pearing Pressure 

(kips/ft2) I . , 

~SPuJt := SP2_ult- SP1_ult ASP ult = 0.081 (kipsfft2 ) 

Pressure Diagram - Toe & Heel 

Soil Pressure at Front Face of Stem: 

~SPult 
SP3 ult ;:: SP2 ult - --.-·(B) - - w SP3_ult = 3.189 (ks:f) 

Soil Pressure at Rear Face of Stem: 

~SPult 
SP 4 ult := SPz ult - --·( B + tstem) SP 4_ult = 3.175 (ksf) - - w 

Moment at Front Face of Stem: 

B
2 

· (B) (2\ . (s2 
Mtoc := SP3 ult·-- + (sp., ult -- SP3 ult)·-· -. - i·B- Um·(O.J50Hb·~s~· -- 2 ~ -- - 2 \.. 3) .. . h _..._. ,, 2 

Mioe = 42.408 (ft-kips) 



I TCt>l I 
Standard Calculation Sheet 

Subject: 
7 of91 

Date: 5/31/2005 7:41AM 
WallE Seismic.mcd 

436 Creamery Way Suite 100 
Exton, PA 19341 Wall Mk. 'E' Seismic 
610-524-5920 

Concrete Data: 

f' c :=- 3 ksi fy := 60 ksi ft-kips 

b := 12 inches d = 23 inches 

A
5 

calculation is from CRSI Handbook 

As_required := 

lnches2 
As required 

p:= As_required == 0.417 
12·d 

Shear in Toe: 

Soil Pressure at d from front face: 

.!lSPutt ( d) 
SP31 ult:= SP2 ult- --· B---- - w 12 

SP31_ult = 3.199 (kst) 

Vtoe := SP31 uit·(B - ~) + ( SP2 ult - SP31 ult)·(.!.)·(B - ~ \) 
- 12 - - 2 12 

Vtoe = 11.499 (kips/foot) 

0.75·12·d·(2)·Jf c·lOOO 
lj>V ·--------~---n·- 1000 ~Vn = 22.676 (kips/foot) 

Moment at Rear Face of Stem in the Heel: 

tl>r := 0.90 

p = 0.0015 

') ( - ( -,\ . c (C) 1 1 . _ c~ ·1 

Mheet·= SPt_ulc-:;- + (SP4_u!t- SPt_ua)·--:;-·l-:;J·C- UDI_·(O.bO)-tbase·t -
2 - - .) ' ) 

Mheel = 67.256 (ft-kips) Let: 

'" 

••• 

••• 

••• 

.... 

·'IIIII 

... 
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ITCPI 
.,436 Creamery Way 
, Exton. PA 19341 
!610-524-5920 

Suite 100 
Standard Calculation Sheet 

Subject: 
Wall Mk. 'E' Seismic 

"\calculation is from CRSI Handbook 

1.7-f'c·b·d 
:\; __ required :"' 

2.89·(t'c·b·d)
2 

2 ~ (ry)2 

As_required "' 0.669 lnches2 ·A.s rcqu ired 
p:= 

12·d 

Shear in Hell: 

Soil Pressure at d from front rear face of stem: 

j,SPult ( d ) 
SP41 ult:= SP1 ult + --. C--- - w 12 

SP41_ult = 3.165 (ksf) 

Vheel := SPJ ulr(c- ~) + (SP41 ult- SPt uJt)·(.!.)·(C- ~) 
- 12 - - 2 12 

Vheel = 16.019 (kips/foot) 

0.75·12·d·(2)·~f' c·IOOO 
4> V n := ----1-00_0...!_ __ 

Moments in Stem: 

Driving Forces: 

( EFPstatic)·i ·{hwan)
2 

PsT :"' --------
1000 

c!>Vn = 22.676 

PsT = 13.248 (kips) 

Ps£ = 17.&56 (kips) 

(kips) 

(kips/foot) 

8 of91 
Date: 5/31/2005 7:41AM 

WallE Seismic.mcd I 
_j 

p = 0.0024 



TCPI 
436 Creamery Way Suite 100 
Exton, PA 19341 
610-524-5920 

Standard Calculation Sheet 
Subject: 

Wall Mk. 'E' Seismic 

(kips) 

9 of9 
Date: 5/31/2005 7:41AM 

Wall E Seismic.mcd i 

The larger value of either L\P 1 or t.P 2 is to be used in the seismic analysis 

Let: , , ( ::~] 

Mstem =: 195.213 (ft-kips} Let: 

A
5 

calculation is from CRSI Handbook 

2 

.., 
2.89-{fc·b·dt 

{fy)2 

1.7-f c·b·d 
As _required:= 

2·fy 

As_required = 1.713 Inches2 

tlP = 6.739 (kips) 

Mu := Mstem 

6.8·f c·b·Mu·l2 

<Pr·(fy}2 

As required 
p:= 

12·d 

d := ( l2J-tsrem- 3.0 

d = 27 (inches) 

p = 0.0053 

L-------------------------------------------------------·---------------------~ 

!I'll 

••• 
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4.0 CRSI Design Handbook I 996 Edition. 
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Geotechnical Calculations 

(By \VESTON Solutions) 
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Zipc.l)de Lookup Output! 

~USGS 
Earthquake Hazards Program 

/ f.o<> /lfMtt.f'- f) ,~A 
The input 2ip-code is 87544. ~·~, r\ 
ZIP CODE 87544 
LOCATION 35.8678 Lat. -106.2682 Long. 
DISTANCE TO NEAREST GRID POINT 4.5840 kms 
NEAREST GRID POINT 35.9 Lat. -106.3 Long. 
Probabilistic ground motion values, in tg, at the Nearest Grid 

PGA 
0.2 sec SA 
0.3 sec SA 
LO sec SA.. 

10\PE in 50 yr SjPE in SO yr 2%PB in 50 yr 
8. 963270 14.212500 L 26 .153641·~ 

20.231220 G>. SS.4210 I :::;7-:1' 59.950050 
18.002939 28.778629 54.664909 

- ~·~2~8~6- - ~9~7=6~2~\?,_ ~8~9:7~4=----

The input zip-code is . 
Zip code is zero and we go to the end and stop. 

PROJECT INFO: lillm!;.P.igp 

SEISMIC HAZARD: !.fped by.k_L~ 

http:l/eqint.cr.usgs.govfeq!cgi-bin!zipcode.cgi 
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ITCPl 
436 Creamery Way Suite 100 

I Exton, PA 19341 
610..524-1357 

Standard Calculaiion Sheet 
Subject: 

Los Aiamos Retaining Waf! 
M-0 Equaiioo 

+ := 34-deg ? := 1.72-deg o := 22-deg a. := 90-deg 

The Mononobe-Okabe Equatio.'l 

a= o.09 a·:= a-deg 

e· :=a 

AKAE =0.058 

----1of1 1 

Date: 512412005 5:20 PM I 
Coulomb Ka Calculatioll. mcd I 

Ka ~ 0259 

8' :=a-_!_ a· .. 5.143 
deg, 

fo. 
""I 
•••• 
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METHOD REV. BY_ 
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DEPT 

DEPT 

DATE 

DATE 
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~ . ,.. .,. 

~ 
_Sieve Slut_ __________ ·-_-_-------_ ""'_P_!!_oe_n""'t""'P:-a-sslng ~ 

I II OGBC 
2s mm p in.) -----·,-oo _____ .. _ 100 100 -----

19 mm (3/4 ln.) 80-100 85-100 90-100 
9.5 mm (318 in.) - - 2G-65 
.4.75 mm (No. 4) 3~0 40-70 0-10 
2.0 mm (No. 10) 2Q-45 30-55 -
751Jm (No. 200) j...10 -4-12 0-2 
2FF" 50% or More 50% or More 100% 

• Fractured faces tests'shall be performed on the material retained on the 4. 75-mm 
(No. -4) sieve. The reta'Jned material shaR have at Jeut two fractured faces as evalu­
ated by NMSHTO Method FF-1. "Fractured face Oetarmination for Coarse Aggre­
gate: 

Type I and Type II aggregate shall have an Aggregate Index ot 35 or less when cal­
culated In accordance with Section 910. The liquid limH shall be 25 or less and the 
plastic Index shall b& six or less. 

OGBC shall have an Aggregate lnde~e of 35 or less when calculated in aeoordance 
with Section 910. 

When RAP Is used, the requirements for the Aggregate Index shall apply to the ex­
tracted aggregate. When RAP 15 used In combination with untreated aggregate, the 
Aggregate lndelt shall be determined separately for each and each shall comply with 
the speclftcatlon requirements. 

108---·------·---·----------------~~U&cciU;&; 
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.?.:. _______ §~RTHQ_~~~§jSEISMIC) DESIGN 

Earthquake (Srlsmlc.) Loading 

Tex.ts that address seismic design of retaining walls (e.g. Bowles, Kramer) 
acknowledge that seismic design of retaining walls is a highly complex issue, 
compounded by the assumptions that must be made to e~~t.abUah reasonable 
de.sig11 guideline:>. This is still an emerging science and geotechnical reports 
usually give only the peak ground acceleration applicable to the location and 
leave.: Ule application of this information to the designer. 

Even the I)C(;essity of seismic design of retaining walls is arguable, considering 
(:ompensating safety factors (e.g. I.S overturning safety fuctor). F..arthquake 
cau.sed retaining walt failures from which to obtain mode-of.faUure lessons are 
very rare {waterfront struch;ltes exccJlted). It is also arguCd that since retaining 
wulls are ofttm at a distance from structures that would be affected by their 
failure nnd thus arc not a Jif(l-safety issue. However, these arguments are moot 
considering the mandatory language offfiC and ASCE 7. 

IBC 2003, Section 1622.1.2, refers to and modifies ASCE 7 to read as follows: 

' ... This section applies t.o all eaitll retaining walls. The applied 
toeismic forces shall be detennined in accordance with Section 9.7.5.1 { 
This section states that " ... the owner shall submit to the authority 
htwingjurisdiction a wrillen report/hat Includes an evaluation of the 
items in Section 9. 7.4. J and the lateral preJsures on basement and 
retuining wu/l,f due to earthquake motions", Section 9. 7. 4.1 identifies 
items to be included in the geotcclmical report to be submitted '', when 
required by the uuth.ority havingjuri.fdiction "} 

This clearly requires a seistnic analysis of "earth retaining structures", bMed 
upon l.l geotechnical report, but implie.~ some discretionary latitude by the 
"authority having jurisdiction". 

The Unifoml Building Code (UBC '97) and the Califbntia Building Code (CBC 
'0 I) do not appear to specifically require seismic design of "earth retaining 
structures" unless the requirements for "non-buildng structures" in CBC '01 
could be so inlerpret(',d, 

--.. -··M-••·-----ii'~;;~;;-;;fR~I;ll~;;;~\v~ilo~;-;;1-- .. ------(Lb-. K ~ t PROI'. ~I 
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Check applicable local and stale codes that may have specific seismic design 
re.qlliremenls for retaining walls. 

The Mononobe·Okabe e(luations 

Of the many investigations of dynamic forces on retaining walls, one of tl1e most 
important and influential is an ASCE paper tilled Design of Earth Retaining 
.S'tn;ctures /or Dyllllmic Loads, by Seed and Whitman, delivered at a 1970 
Cornell University conference. In this paper they cited the pioneering studie-.s by 
~onono\?e ( 1929> and QKabe ( 1926), widely referenced. today. Another 
1:ontribution was 11 subsequent ASCE paper by Robert Whitman titled, .Seismic 
Design and Behavior of Gravity Retaining Walls, 1990. They considered this 
lateral forc.e to be an invened triangular wedge of soil behind the wall. Seed· 
Whitman proposed a simplified fonnula, based upon the Mononobe-Okabe 
theory, for the combined static and seismic factor, which they termed K.._~;, to be 
applied to this wedge acting against the wall. This was an adaptation of the 
Coulomb formula lO calculate the~ (seismic and static) pressure and 
introduced the variable e, which is define<! as the angle whose tangent is the 
ground acceleration (0 =tan·' k!l). 

Th.is equation is presented in Figure 7-1. 

KA1:"' nctive t~llrth pressure c:oefficient 

< 2 ( 
---·-·-·----~····· .. ·--.. --.!~ .... a +0- (I') 

cosO' si11 2 asin (a + 8'+ 6) [1 + ~in (fl + ~.!i~Jf.:_~~-,8) ]'2 
$Ill (a + 0 + o·) sin (a - ,8) 

Where 0 '~·tan·' Ka" a'"' wall slOJlC to horiz. (90° for a vertical face),~,. augle of 
internal friction, p ~'backfill slope, and 8"" wall friction angle. 
The horizonl<~l component is KA£ cosl:i. 

·u~~·;:~·;;ri~~-u;i~;;;g:·w~tiii.esi&l;-······· .. ·-------------··---·-··· -i>;&e s2-· 

:" 
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For a vctticnl wall face and S assumed to be ~ ,this becomes: 

K..,
5

•' -·-· sin
2 

(90+0-") 

coijOain2 (90+0+~ [I+ ( ain J.S;sm(;-o-p) ·]·· 
Y &in (90 +~+B) &in (90 + p) 

The total force (active and earthquake), PAll"' Yz (y) KAE H2 wbcre y"' soil 

density and H ,.. retained height. 

Figure 7-1. Mtlllonobe-Okllbe Equa&n 

When the acceleration is zero, kh .. 0, and K ... l! becomes the familiar Coulomb K,., 
formula. 

Also, note that passive the pressure coefficient decreases under seismic 
conditions. 

Tbe pMsivc earth pressure coefficient, KPil is: 

KPF.."" 
sin1 (a -e + ;•) 

[ 

·- 2 
Cllll8'sin2 asin(a+O'+o) 1+ ~(fi+.S)sin(¢-O'+P}] 

sm (a+ t5 + 0') sin (a- p) 

K,.,f. is thus two componenls (seismic and static). The seismic component (K,<.e· 
K,.,) is assumed to be an inverted, near-triangular trape7..oid force (maximum at 
the ground surface) acting at a height of0.6 H. For stem design, His the height 
from top of footing to retained height. For overturning and sliding, H is the 
height at the back fnce of the footing, along a virtual vertical plane from the 
bollom of the footin~: to its intersection with the backfill gmde. 

The K.., component is the familiar triangular distribution acting at H /3. 

The height to the combined resultant can be obtained by the tormula: 
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- P,.(H/3)+(P,s -1',) 0.6H 
x= 

PAP. 

l" 
• 

The direction of force applicntion, per rhe Coulomb funnula, is assumed to be 
inclined at an angle (from horizontal) equal to the friction angle at the back face 

of the stem, 5, wluch is oilcn as&unled to be ~ • Therefore, the horizontal 

components can be assumed to be 

Pt.l!horiz."' cos (U) Pt.P.• 

A simple approach to the design for seismic is suggested by the overh1pping 
force triangles, which tend to combine into a nearly uniform load over the height 
of the wall, if the height of the resultout is O.SH. 

K - rH 2 

Therefore, w'"' .:.Af..__ .. 0.5 K,u1'( H, where w is the equivaleu.t w1iform 
2H 

lateral static plus seismic force. lbis simplification, while approximate, is 
particularly helpful for checking stem moments and shears at various heights. 

Seed and Whitman suggest an approximation ofKAil= K ... + 0.75 let~ If, for 
example, ~ is 0.30 and K,. .. 0.27, then K,8 spproximate would be 0.495. Tilis 
would suggest an 83% increase over static K,. However, the stem moments and 
overturning are greatly increased since 0. 75 kh act at an assumed height of0.60H. 
Some geoteclulical engineers use this method to give an added uniform seismic 
force over the full retained height with resultant acting at 0.6H. Such 11 
requirement, therefore, might read "for 5(1ismic design add a uniform lateral force 
"' 20 H? with the resultant applied at 0.6H. 

Figure 7-2. Application of Seed Whitman Method 

·-···----------------------- --··-------------------
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Seed and Whitman's paper commented that few building codes (at that time) 
required seismic provisions for retaining walls, and concluded that the factors of 
safety for static design, which are generally around 1.5, are adequate to protect 
the wo.ll for short tenn seismic forces, since such forces would merely reduce the 
safety factor to an acceptable vo.lue greater than 1.0. 

NA VF AC for Soismic Zone 4 (UDC '97) requires, in addition to static force, 20% 
of the total active pressure and 20% of the wall weight, acting at 2/3 the height. It 
further comments that the one-third stress increase for sbort-tenn loading should 
more than compensate lor the o.dded seismic stresses. · 

AASHTO contains seismic design guidance for retaining walls in their Section 6 
of Division I-A. 

lletenulning k~ 

k~ is the ground acceleration factor used in the Mononolx:-Okabe (M-0) equation 
to compute lateral seismic earth pressure in cantilevered retaining walls. 

This is a design value and not necessarily the most severe acceleration that could 
occur at the site. Unless an arbitrarily reduced value ofkt. is u.sed. one-third to> 
on.c-halfthe peak ground acceleration is often used (see Kramer and others). 

The starting point is to determine the peak acceleration applicable to your design. 
Assuming your code is IDC 2003, or ASCE 7-02, which bas identical chaJ1s 
(llBC '97 will be discussed later), select from lhe contours the Maximum 
Considered Earthquake (MCE) ground motion for 0.2 second, spectral response 
nccelerntion at 5% of critical damping. Note that retaining walls are "short 
period", hence the 0.2 second selection. 

There is an ea11ier way. Go to~ This is a U.S. 
Geological Survey address. Just enter your zip code (but latitude and longitude is 
more a.ccurate). For example, Newport Beach, California, :z.ip code 92660, gives 
127.4 percent "g", or 1.274. These maps are somewhat different from IBC maps 
and the latter are preferred aud a zoom-capable CD is available from me. 

Here is an example procedure for obtaining a design Kh using the USGS Ha1.ard 
Maps: 
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From l~harts, S, •• 1.274 
(All terms defined in referenced codes) 

S1.1s'" F, S, 

F,.., 1.0 (This is a function of soi.l characteristics and.value of S1. See 
Table 1615.1.2 inlBC). 

.. SMs ,. 1.0 x 1.274 = 1.274 

Sps ~' p s~.~s "' 0.667 X 1.274 "'0.85 

Per ASCI! 7.02 Provisions Sec. 7.5.3: 

K Sso 
h"' --- "" 0.40 X 0.85 = 0.34 

2.5 

(Noltl that this is ahout one-fourth MCE) Note also that the above example value 
of k11 is nearly the same as could be obtained using simplified base shear equation 
t 6-56 with R"' 3.0. 

Altemately, using UBC '97 an<Vor CBC '01: 

Derive Kb from base shear, V, for non-building structure. (Terms defined in UBC 
'97 and CBC '01). 

2.sc. r 
V '" ---·-- W Assume R "' 3.0 

R 

For example design: C,"" 0.40, I"" 1.0 

:. v"' !:~ x 0·~~~.L~. w ., o.33 w 
3.0 

Thi.q suggests Kh"' 0.33 ;= 0.34 per IBC. 

Slmplified Seiamk Force Applkatlon 

Tho NEHRP 2000 Part 2 -Commentary states Seed and Wbit01an's proposed 
simpll'".r approximation: 

1.\K,..,- (3/4) k1, :. AP Ali- (l/2)yH2(3/4)kb- (3/8)k,;yH2 

k11 is the peak ground acccleraHon modified per Provisions Sec. 7.5.3: 

. ""'"'"'"' --~-... ··--·~~----~·-. ... ~---··----....... 
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wher~ kh = Sos /2.5 
Base moments, using this simplification, are therefore: 

MAf.boK ~· p" (H/3) + (AP liE) (0.6 H) 

"'yH3 (0.17 K...., 0.225 k.,.) 

An observation f1·om this is U1at the base moments from a1atic l!lld dynamic 
(seismic) arc equal when kh- 0. 75 K11 

An arguable issue: If the seismic component is considered a factored force, and 
since overturning and soil pressure are based upon un-factored forces (E/1.4), 
should the seismic component be reduced by 0. 71 7 

VerticBI Distribution of Seismic Force on Stem 

Hert.' is a simplifted method for assuming a uniformly applied force to the stem: 

Since l'11E "' Pt~+APAI! 

}' AF. iil. 

P,.. ·"-' 

l H2 

·-·-· (.75 kh);;;; .375 kh yH2 

2 

~£~~:!_~ 
2 

Total force on stem: P11 + APAE = .SK, yH2+ .375 k1, yH2 

If resultant acts at 0.5 H, tlke uniform lateral on stem 

.SKd H2 +.375Kh'Y H2 

·--·--·--------- = (.5 K.+ .375 k,J (yH) 
H 

For de~iRn example, assuming K. = 0.35, k.,. = .34, 1 = 120 

Fp "' 36H 

Note that this simplified fommla is ll2LY.ili9. if there is a !!!QP.ed backfill that will 
significantly increase seismic forces. 
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Seismic for Stem Self-weight 

This is an arguable issue: whether to include the seismic force due to self-weight 
of tbe wall acting simultaneously with the seismic due to earth pressure. It does 
not appear to be defmed in the code.,, AASHTO, however, in 5.5.4 states: 
" ... seismic design forces should account for V.'llll inertia forces in addition to the 
t:;quiYalenl sialic force, where a wall supports a bridge structure ... ". But section 
5.6.4, referring to flexible cantilever walls, states that "Force.t resulting from 
wall inertia efficts may be ignored in estimating the seismic lateral earth 
pressure". 

Judgment indicates that seismic self-weight should be applied simultaneously 
with seismic due to earth pressure. 

Using ASCJ3 7-{)2, Section 9.6.1.3: 

r,. in equation 9.6.1.3-l, for cantilevered wall and assuming lp"' 1.0, 

Reduces to: Fp"' 0.4 Sos Wp 

Per above design example where Sos = 0.85,: 

f<~ '~ 0.4x0.85x1.0Wp=0.34Wp 

Using the UBC '97 method: 

17 . ai'C.lp ( 1 h, )w p ... --- +- p 
Rp h1 

b 
ar " 1.0, Rr"' 3.0, ...!.. "'0 at bottom a.nd J.O at top. 

h, 
F1, mis1imum is 0.7 C1 Ip Wp 

Fp tbr design is nvcrage between top and bottom 

:.Fr '" (133+0.70)/2=J.OI5*(C1 lp\Vy] 

For ex.ample design, C,"" 0.44, lr"' 1.0 

:. Fr "' 0.45 w,. 

·----··-~---~---~---· ...... ~-·-~ .. ·-------------------------
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Foundation Design Requirements 

to provide a displacement ductility of approximately 4. Beyond the potential plastic hinge region, the 
curvature ductility dema:1d is nat considered to exceed tlW provided by the nominal moment capacity of 
the section for non-earthquake loads. 

7 .4.4.4 Precast (non-prestressed} concrete piles. For precast concrete piles, the longitudinal 
reinforcement is specified to extend the full length of the pile so there is no need to determine the flexural 
length. Transverse reinforcement spacing within the potential plastic hinge zone is required for the length 
of three pile diameters at the bottom of pile cap. Particular attention should be taken where piles cannot 
be driven to or are overdriven beyond the anticipated end bearing point elevation. The transverse 
reinforcement size and spacing in this region is the same as the uncased concrete pile. Transverse 
reinforcement spacing outside the potential plastic hinge zone is specified to be no greater than 8 inches 
to conform with cunent building code minimums for this pile type. 

7.4.4.5 Precast-prestressed piles. The transverse reinforcement requirements are primarily taken from 
the PCI Committee Report ( 1993) on precast prestressed concrete piling for geographic regions subject to 
low to modaatc' ground motions. The amount of transverse rei:nforeement was relaxed for the pile region 
greater than 20 feet (6m} below the pt1e cap to one-half of that n=quired above. It was judged that the 
reduced transverse reinforcement would be sufficient to resist the reduced curvature demands at that 
point Particular attention should be taken when: piles cannot be driven to or arc overdriven beyond the 
anticipated end bearing point elevation so that the length of the confining transverse rcinfurcement is 
maintained. 

Equation (7.4-1 ), originally from ACI 318, bas always been intended to be a lower bound spiral 
trmsverse reinforcement ratio for larger diameter columns. It is independent of the member section 
properties and can therefore be applied to large or small diameter piles. For cast-in-place piles and 
prestressed concrete piles, the resulting spiral reinforcement ratios from this formula are considered to be 
sufficient to provide niodcrate ductility capacities. 

High strength hard drawn wire with higher yield strengths is permitted to be used for transverse circular 
spiral reinforcement of precast prestressed concrete piles. Pile test specimens using this type of 
transverse reinforcement include the research done by Pari: lind Hoat Ioen (1990). High strength hard 
drawn wire bas yield strengths between 150 and 200 ksi. /y~t is conservatively limited to 8.5 Jc.si for this 
steel because hard drawn wire has limited ductility. 

7 .S SEISMIC DESIGN CATEGORIES D, E, AND F 

For Seismic Design Category D, E, or F construction, all the preceding provisions for Seismic Design 
Category C applies for the foundations, but the earthquake detailing is generally more severe and 
demanding. 

7.5.1 Iovestigation. In addition to the potential site hazards discussed in Provisions Sec. 7.4.1, 
consideration oflateral pressures on earth retaining structures shall be included in investigations for 
Seismic Design Categories D, E, and F . 

.,---~~.---Earth retaining stntetures. Increased lateral pressures on retaining structures during earthquakes have 
, il long been recognized; however, design procedures have not been prescribed in U.S. model building 
V codes. Waterfront S1nlaures often have performed poorly in major earthquake due to excess pore water 

pressure and liquefaction conditions developing in relatively loose, saturated granular soils. Damage 
reports for structlln:s away from waterfronts arc generally limited with only a few cases of stability 
failures or large pennanent movements (Whitman, 1991). Due to the apparent conservatism or 
overstrength in static design of most walls, the complexity of nonlinear dynamic soil-structure 
interaction, and the poor understanding of the behavior of retaining structures with cohesive or dense 
granular soils, Whitman (1991) recommends that "enginem nmst rely primarily on a sound 
understandi11g of fundamental principles a11d of general pat.tcms ofbehavior." 
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2003 Commentary, Chapter 1 

Seismic design analysis of retaining walls is discussed below for two categories of walls: '\;elding .. 
walls that can move sufficiently to develop minimum active earth pressures and "nonyielding" ·walls that 
do not satisfY this movement condition, The amount of movement to develop minimum active pressure 
is very small. A displa£ement at the top of the wall of0.002 times the wall height is typically sufficient 
to develop the minimum active pressure state. Generally, free-standing gravity or cantilever walls are 
considered to be yielding walls (except massive gravity walls founded on rock), whereas building 
basement walls resttairu:d at the top and bottom are considered to be nonyielding. 

Yfe[ding wll.t At the 1970 Specialty Conference on Lateral Stresses in the Ground and Design of Earth 
Retaining Structures, Seed and Whitman {1970) made a significant contnbution by reintroducing and 
reformulating the Monobe.Okabe (M-0) seismic coefficient analysis (Monobe and Matsuo, 1929; Okabe, 
1926). the earliest method fur assessing the dynamic latttal presswes on a retaining wall. The M.O 
method is based on the key assumption that the wall displaces or rotates outward sufficiently to produce 
the minimum active earth pressure state. The M-0 formulation is expressed as: 

(C7.5-1} 

where: P AE is the total (static+ dynamic) lateral thrust. y is unit weight of backfill soil, His hcigbt of 
bacldill behind the wall. k, is vertical ground acceleration divided by gravitational acceleration, and KAE 

is the static plus dynamic lateral earth pressure coefficient which is dependent on (in its most general 
form) angle oftiiction ofbacldill, angle of wall friction, slope of backfill surface, and slope of back face 
of wall, as well as hori20n!al and vertical ground acceleration. The formulation for Ka is given in 
textbooks on soil dynamics (Prakash. 1981; Das, 1983; Kramer, 1996) and discussed in detail by Ebeling 
and Morrison (1992). 

Seed and Whitman (1970), as a convenience in design. analysis. proposed to evaluate the total lateral 
thrust. P ,u;. in terms of its static component (P..) and dymunic ina:emental component (LJP A£): 

PAE =P.., +a?a {C7.S-2a) 

or 

KAE=K_.+aK-4£ (C7.5-2b) 

or 

APA£ =(112)yH2AKA£ (C7.5-2c) 

Seed and Whitman (1970), based on a parametric sensitivity analysis, further proposed that for practical 
pm:poses: 

/:J(AE =(3/4)K• (C7.5-3a) 

APA£ =(112)yH1 (3/4)/r~ =(318)1r~rrH1 (C7.5-3b) 

Ghere k,. is horizontal ground acceleration divided by gravitational acceleration. It is recommended that 
be taken equal to the site peak ground acceleration that is consistent with design earthquake ground 

motions as determined in Provisions Sec. 7.5.2 (that is, k,. =So:;'2.5). Eq. C7.S-3a and C7.5-3b generaliy 
are referred to as the simplified M-0 fonnulation. 

Since its introduction. there has been a consensus in geotechnical engineering practice that the simplified 
M-0 formulation reasonably represents the dynamic (seismic) lateral earth pressure increment for 
yielding retaining walls. For the distribution of the dynamic thrust, ~p A£. Seed and Whitman (1970) 
recommended that the resultant dynamic thrust act at 0.6H above the base of the wall (that is, inverted 
trapezoidal pressure distnoution). 

Using the simplified M.O formulation, a yielding wall may be designed using either a limit-equilibrium 
force approach (conventional retaining wall design) or an approach that permits movement of the wali up 
to tolerable amOUI1ts. Richards and Elms ( 1979) introduced a method for seismic design analysis of 
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Foundation Design Requirements 

yielding walls considering translational sliding as a failure made and based on tolerable permanent 
displacements for the walL There are a number of empirical fonnulations fur estimating permanent 
displaccments under a translation mode of failure:; these have been reviewed by Whitman and Liao 
(1985). Nadim (1980) and Nadim and Whitman (1984) incorporated the failure mode of wall tilting as 
well as sliding by employing coupled equations of motion, which were: further fonnulated by Siddharthan 
et aL (1992) as a design method to predict the seismic perfonnance of retaining walls taking into account 
both sliding and tilting. Alternatively, Prakash and others (1995) described design procedUl"eS and 
presented design charts for estimating both sliding and rocking displacements of rigid retaining walls. 
These design clwts are the results of analyses for which the baclcfill and foundation soils were modeled 
as nonlinear viscoelastic mate:rials. A simplified method that considers rocking of a wall on a rigid 
foundation about the toe was described by Steedman and Zcng (1996) and allows the detc:rmination of 
the tbresbold acceleration beyond ~1bich the wall will rotate. A simplified procedure: for evaluating the 
critical threshold accelerations for sliding and tilting was described by Richards and others ( 1996). 

Application of methods for evaluating tilting of yielding walls has been limited to a few case studies and 
back-alculaiion of laboratmy test results. Evaluation of wall tilting requires considerable engineering 
judgment. Because the tilting mode of failure can lead to instability of a yielding retaining wall, it is 
suggested 1hat this mode of failure: be avoided in the design of new walls by proportioning the walls to 
pn:YeDt rotation in order to dispJacc only in the sliding mode. 

N~g wglls, Wood (1973) analyzed the response of a rigid nonyielding wall retaining a 
liOiilOgc:ru:ous linear elastic soil and connected to a rigid base. For such conditions, Wood established 
that the dynamic ampllilcation was insignificant for relatively low-frequency ground motions (that 
is, motions at less than half of the natural frequency of the unconstrained backfill), which would include 
many or most earthquake problems. 

For uniform, constant 1:. applied throughout the elastic backfill, Wood (1973) developed the dynamic 
thrust, N'L acting on smooth rigid nonyielding walls as: 

b.P,~ =Fic,rH2 (C7.5-4a) 

The value ofF is approximately equal to unity (Whitman, 199 J) leading to the following approximate 
formulation for a rigid nooy:ielding wall on a rigid base; 

b.Pe =k.rH2 (C7.5-4b) 

As for yielding walls, the point of application of the dynamic thrust is taken typically at a height of 0.6H 
above the base of the walL 

It should be noted 1hat the model used by Wood ( 1973) does not incorporate any effect on the pressures 
of the inertial response of a superstructure: connected to the top of the wall. This effect may modifY the 
interaction between the soil and the wall and thus modify the pressurc:s from those calculated assuming a 
rigid wall on a rigid base. The subject of soil-wall interaction is addrc:ssed in the following sections. 
This section also provides further discussion on the applicability of the Wood and the M-0 formulations. 

? ,t5. v SoD-ctructure-lntenctioo approach and modeling for waD pressures. Lam and Martin (l986), 
SoydenrirandCelebi (1992), Vcletsos and Younan (1994aand 1994b), and Ostadanand White (199&), 
among others, argue that the carch pressUl"eS acting on the walls of embedded structures during 
earthquakes arc: primarily governed by soil-structure interaction (SSI) and. thus. should be treated 
differently from the concept of limiting equilibriwn {that is, M-0 method). SoiJ...structure interaction 
includes both a kinematic component-the interaction of a massless rigid wall with the adjacent soil as 
modeled by Wood ( 1973}-and an inertial component-the interaction of the wall, connected to a 
responding superstructure, with the adjacent soil. Detailed SSI analyses incorporating kinematic and 
ina+jal interaction may be considered for the estimation of seismic earth pressures on critical walls. 
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C4. Foundations and Geotechnical Hazards 
(Systematic Rehabilitation) 

C4.l Scope 

The fundamental reason for including consideration of 
foundaiions and geotechnical hazards in seismic 
rehabilitation of existing buildi...'lgs is to improve the 
overall performance of the buildings. The geotechnical 
engineer and engineering geologisi should work 
directly with the structw:al engineer and the building 
O\\'ner or the owner's representative, when necessary, to 
achieve the optimum rehabilitation strategy for the 
desired Rehabililation Objective. 

Typically, foundations have performed reasonably well 
on sites where ground displacement has not occurred 
because of surface fautting, landsliding, or liquefaction. 
Furthermore, modifying foundations to improve their 
performance during anticipated earthquake loading can 
be very costly because of the limited working space, as 
well as the presence of the building. Therefore, it is 
desirable to undertake costly foundation modifications 
only when they are essential to meeting seismic 
Rehabilitation Objectives for the building. 

In addition to addressing building foundation capacities 
and deformations during earthquakes, the guidelines 
address other potential geologic hazards associated with 
earthquakes that may affect the performance of 
buildings on some sites. 

C4.2 Site Characterization 

In gathering data for site characterization, the following 
should be included: 

• Visual inspection of the structure and its foundation 

• Review of geotechnical reports, drawings, test 
results, and other available documents directly 
related to the building 

• Review of regional or local reports related to 
geologic and seismic hazards, and subsurface 
conditions 

• Site exploration, including borings and test pits 

• Field and laboratory tests 

The scope of the d1..'CUmentation program for a building 
depen<ls upon specific deficiencies and the Rehabilitation 
Objective. ln some cases, the cost of extensive analysis 
and testing can be justified by producing results ihat will 
allow the use of more accurately determined material 
properties than the conservative default values prescribed 
by the Guidelines. 

Geotechnical information will be required ro establish rhe 
subsurface conditions that exist beneath the building, to 
describe the building foundations, and to assess potential 
earthquake-related hazards that may affect the 
performance of the site. The general procedure for 
evaluating foundations and geotechnical information iS 
outlined on Figure C4-L In many instances, existing data 
may be sufficient to characterize the site. However, a 
detailed site assessment may be required for: 

• Structures that require an enhanced level of seismic 
performance 

• Facilities that are supported upon deep foundations 

• Facilities that are located within areas L'lat may be 
subjected to fault rupture, liquefaction, lateral 
spreading, differential compaction, and landsliding 

Such detailed site assessments may be conducted with 
existing information or with new subsurface data. The 
following text discusses data sources that should be 
reviewed in the site characterization, along with the 
requirements for defining the subsurface conditions and 

-describing the existing foundations. 

Data Sources. lnfonnation re<~Uired to adequately 
characterize a site will likely be derived from a 
combination of several sources, including existing data, 
a site reconnaissance, and site-specific studies. Potential 
data sources include the following: 

• geological maps 

• topographical maps 

• hazard maps 

• geotechnical reports 

• design!constraction drawings 

Seismic Rehabilitation Commentary 4-1 



Chapter 4: Foundations and Geotechnical Hazardll 
(Systematic Rehabflltation) 

to develop between a footing and the soil. This is 
considered to be analogous to tension yielding in 
bending of a structural element where the estimate of 
inelastic displacements assumes that the beam remains 

However, the situation fot the Immediate Occupancy 
Performance Level is different, since foundation 
displacements may result in damage that impedes the 
use of the facility. For this reason. fixed-base conditions 
should not be assumed for slructures sensitive to base 
movement. 

C4.4.3.3 Nonlinear Procedures 

The assumption that the base of the structure is rigid in 
nonlinear procedures is acceptable, provided that the 
resulting forces do not exceed upper-bound component 
capacities. The rationale for this limitation is similar to 
that for linear procedures. 

If the foundation is modeled with appropriate nonlinear 
force-displacement relationships, the acceptability of 
geotechnical components for Collapse Prevention or 
Life Safety Performance is analogous to that for linear 
procedures. For Immediate Occupancy, the amount of 
the total structural displacement due to foundation 
movement must be calculated. Some percentage of this 
foundation-related movement is assumed to be 
permanent, and the effects of this mUSt be included in 
considering whether the building can remain functional. 
Permanent foundation movement is controlled by 
foundation soil type and thickness, and foundation 
system characteristics (footing dimensions and 
geometry). 

C4.S Retaining WaDs 

If building retaining walls are required to be utilized as 
part of the foundation system to resist seismically­
induced structure inertia forces, then higher pressures 
may be required to be developed on the walls. The 
maximum pressures that can be mobilized by the soil 
are passive earth pressures. Because of uncertainty 
regarding the <lirection or significance of soil inertia 
forces affecting the passive pressure capacity, it is 
suggested that passive pressures be obtained using 
conventional static earth pressure formulations. 

C4.6 Soil Foundation Rehabilitation 

Foundation enhancements may be required because of 
inadequate capacity of existing foundations to resist 
overturning effects (inadequate footing bearing 
capacities) or inadequate shear resistance of the 
foundations. Additionally, foundation enhancements 
may be required to support structural improvements, 
such as new shear walls or strengthening of existing 
shear walls. In either event, the foundation 
enhancements may be accomplished by a combination 
of one or several of the following schemes: 

• Soil improvement 
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TASK DESCRIPTION Setback Requirements for Wall No.2 TASK NO. 7<X)() 

PREPARED BY K. M<lser I A. H;u:pur DEPT 1495 DATE 6/17/05 

~..ATH CHECK BY ~K~. ~:.!.,!if,l,!.:os!l::·er!--____ _ DEPT 1495 DATE 6/17/05 

METHOD REV. BY _wA~.H~rum~~~----- DEPT 1495 DATE 6/17/05 

BACKGROlJND 

The reinforced concrete wall (Wall No. 1) was not designed to support any permanent surcharge loads. If 
Wall No.2 is constmcted too close to Wall No. 1 it will act as a surcharge on Wall No. 1. Therefore it is 
critical to ensure that Wall No. 2 is setback sufficiently far such that it does not act as a surcharge on 
Wall No.l. 

ANALYSIS 

An initial assess of the required setback distance was completed using the Culmann graphical procedure. 
This analysis was completed for a 26.5 feet high wall (25-foot stem with a 1.5-foot footing) 
con.o;;ervatively assuming the use of backfill material with an internal friction angle (<!>) of 32°. This 
analysis indicated that for a 26.5 ft high wall a setback distance, measured from the back of the footing 
was 18.67 feet, say 18.7 feet. A setback distance of 7.85 feet was determined using the Culmann 
procedure for a 11.5-ft high wall. To confirm these setback requirement distances were determined using 
Rankine theory. 

Using Rankine theory, the failure plane forms an angle of 45 + <1>/2 degrees with the horizontal. 
Assuming <1> = 32°, the failure plane forms an angle of 61 o with the horizontal. Based on this angle and a 
wall height of 26.5 feet the failure plane would intersect the ground surface at a distance of 14.7 feet. 
This value is about 20% less than the value determined using the Culmann procedure. The Rankine 
procedure resulted in a setback distance of 6.37 feet, about 20% less than the 7.85 feet determined using 
the Culmann procedure. 

The following table summarizes the required setback distances for various wall height<>. The setback 
distances were calculated using Rankine theory and increased by 20% consistent with the results 
obtained for the 26.5-foot high wall. A more realistic value of 34° for the internal friction angle of the 
stmctural backfill was used in the calculations. 

These setback requirements are shown on the design drawings. 

• '"'"'"'l\loNG"Srwr<d'J.A'iL\REDESIG~'\Gt'<•ttth\Wall."-1b:>d 6-17-CJ5.duc 



WALL SETBACK REQUIREMENTS 

- - ..! E- E E cu E cu = -= - C) e - ~ 0 0 0 0 - e= Qj - c:_ ~~ "- Rl c: = U) .c: ... ::::-
... _ 

G) .c: ........ 
c: 0 U) t'J) <o ~ G) ~= .c .... ~- ~-0 ;; - G) ·a; C:U) 0 G) - o- -- 'tJ 0 c: 1.) c: 

:0::: J! - c: C'CI.c ::.e. C'CI- t'J)ot! 'i C'CI e C'CI 0 
.c .¥ :&: 0- 0 .a G) .a ... 0 U) C) 0 - ~~ so ~ - Q) 

c:- B~-
_ .... _ 

G) .c: cu.c: -.c: E e>oo= U) C) Qi :c - G) Q) - wo oo, ~-~ w--c: :&: 1- t'J) ... 0 U)t'J) u) G) 
u. Rl .e c: - 'tJ G) 'tJ G) 

~ :e C) 
c: -m G)'tJ u; 'tJ G) U) G) 0 G) 1.) fti G) Q)'tJ 

Rl c: ..J Rl.._ c: G) ... c: .... - .... .!:::~ ... Rl - 3: E o ::;: ... ·- .... U) ~ fti c: Rl "5 G) 

~ fti :::~- :I ... 
0 .! tr trC: trRI 
0 - /}. ~ Q) 3: cu e Q) Gl u. ~ .5 0::: o:::- 0::: ... 

A1 
3+56 3 1.25 4.25 34 2.26 0.45 2.71 1.92 0.83 5.46 4.63 
3+50 5 1.25 6.25 34 3.32 0.66 3.99 1.92 0.83 6.74 5.90 
3+42 6 1.5 7.5 34 3.99 0.80 4.79 3.25 1.00 9.04 8.04 

81 3+34 8 1.5 9.5 34 5.05 1.01 6.06 3.25 1.00 10.31 9.31 
3+30 10 1.5 11.5 34 6.11 1.22 7.34 3.25 1.00 11.59 10.59 

C1 
3+24 10 1.75 11.75 34 6.25 1.25 7.50 5.00 1.25 13.75 12.50 
3+20 12 1.75 13.75 34 7.31 1.46 8.77 5.00 1.25 15.02 13.77 
3+08 14 2.25 16.25 34 8.64 1.73 10.37 6.00 2.00 18.37 16.37 

01 3+04 16 2.25 18.25 34 9.70 1.94 11.64 6.00 2.00 19.64 17.64 
3+00 18 2.25 20.25 34 10.77 2.15 12.92 6.00 2.00 20.92 18.92 
2+96 20 2.25 22.25 34 11.83 2.37 14.20 7.00 2.50 23.70 21.20 

E 
2+80 22 2.25 24.25 34 12.89 2.58 15.47 7.00 2.50 24.97 22.47 
2+50 24 2.25 26.25 34 13.96 2.79 16.75 7.00 2.50 26.25 23.75 
2+05 22 2.25 24.25 34 12.89 2.58 15.47 7.00 2.50 24.97 22.47 
2+00 20 2.25 22.25 34 11.83 2.37 14.20 6.00 2.00 22.20 20.20 

02 
1+83 19 2.25 21.25 34 11.30 2.26 13.56 6.00 2.00 21.56 19.56 
1+64 17 2.25 19.25 34 10.24 2.05 12.28 6.00 2.00 20.28 18.28 
1+60 15 2.25 17.25 34 9.17 1.83 11.01 6.00 2.00 19.01 17.01 
1+53 15 1.75 16.75 34 8.91 1.78 10.69 5.00 1.25 16.94 15.69 

C2 1+45 14 1.75 15.75 34 8.37 1.67 10.05 5.00 1.25 16.30 15.05 
1+30 12 1.75 13.75 34 7.31 1.46 8.77 5.00 1.25 15.02 13.77 
1+26 10 1.5 11.5 34 6.11 1.22 7.34 3.25 1.00 11.59 10.59 

82 1+22 8 1.5 9.5 34 5.05 1.01 6.06 3.25 1.00 10.31 9.31 
1+15 6 1.5 7.5 34 3.99 0.80 4.79 3.25 1.00 9.04 8.04 

A2 
1+07 5 1.25 6.25 34 3.32 0.66 3.99 1.92 0.83 6.74 5.90 
1+00 3 1.25 4.25 34 2.26 0.45 2.71 1.92 0.83 5.46 4.63 

Notes: 
1 ) FS of 20 % determined from comparison between Culmann and Rankine theory. 

\\Nswc1\ENG\St1ared\LANL\wall check (6_15 .. 05)\FINAL 
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APPE~J)IX "D" 

Chapter 7 "Earthquake (Seismic) Design 

From Basics of Retaining Wall Design - A Guide for the Practicing Engineer, 
6th Edition, April 2005, by Hugh Brooks, HBA Publications, Inc. 
www.retainpro .com 



7. EARTHQUAKE (SEISMIC) DESIGN 

Earthquake (Seismic) Loading 

Texts that address seismic design of retaining walls (e.g. Bowles, Kramer) 
acknowledge that seismic design of retaining walls is a highly complex issue, 
compounded by the assumptions that must be made to establish reasonable 
design guidelines. This is still an emerging science and geotechnical reports 
usually give only the peak ground acceleration applicable to the location and 
leave the application of this information to the designer. 

Even the necessity of seismic design of retaining walls is arguable, considering 
compensating safety factors (e.g. 1.5 overturning safety factor). Earthquake 
caused reta~g wall failures from which to obtain mode-of-failure lessons are 
very rare (waterfront structures excepted). It is also argued that since retaining 
walls are often at a distance from structures that would be affected by their 
failure and thus are not a life-safety issue. However, these arguments are moot 
considering the mandatory language of me and ASCE 7. 

me 2003, Section 1622.1.2, refers to and modifies ASeE 7 to read as follows: 

' . . . This section applies to all earth retaining walls. The applied 
seismic forces shall be determined in accordance with Section 9.7.5.1 [ 
This section states that H ••• the owner shall submit to the authority 
having jurisdiction a written report that includes an evaluation of the 
items in Section 9. 7.4.1 and the lateral pressures on basement and 
retaining walls due to earthquake motions". Section 9. 7. 4.1 identifies 
items to be included in the geotechnical report to be submitted ", when 
required by the authority having jurisdiction '1 

This clearly requires a seismic analysis of"earth retaining structures", based 
upon a geotechnical report, but implies some discretionary latitude by the 
"authority having jurisdiction". 

The Uniform Building Code (UBC '97) and the California Building Code (eBC 
'0 1) do not appear to specifically require seismic design of "earth retaining 
structures" unless the requi.r~ents for "non-buildng structures" in CBC '0 1 
could be so interpreted. 
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Check applicable local and state codes that may have specific seismic design 
requirements for retaining walls. 

The Mononobe-Okabe equations 

Of the many investigations of dynamic forces on retaining walls, one of the most 
important and influential is an ASCE paper titled Design of Earth Retaining 
Structures for Dynamic Loads. by Seed and Whitman, delivered at a 1970 
Cornell University conference. In this paper they cited the pioneering studies by 
Mononobe (1929) and Okabe (1926), widely referenced today. Another 
contribution was a subsequent ASCE paper by Robert Whitman title<L Seismic 
Design and Behavior of Gravity Retaining Walls. 1990. They considered this 
lateral force to be an inverted triangular wedge of soil behind the wall. Seed­
Whitman proposed a simplified formula, based upon the Mononobe-Okabe 
theory, for the combined static and seismic factor, which they termed KAE• to be 
applied to this wedge acting against the wall. This was an adaptation of the 
Coulomb formula to calculate the total (seismic and static) pressure and 
introduced the variable a, which is defmed as the angle whose tangent is the 
ground acceleration (a= tan.1 kh). 

This equation is presented in Figure 7-1. 

KAE= active earth pressure coefficient 

= 

B' . 2 . ( B' s:) [1 sin(¢+ o) sin (¢- B'-/3) ]
2 

cos sm asm a + + u + 
sin (a+ 0 + e·) sin (a - /3) 

Where e = tan·1 Kh, a= wall slope to horiz. (90° for a vertical face),+= angle of 
internal friction, (3 = backfill slope, and o = wall friction angle. 
The horizontal component is KAE coso. 

., 
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For a vertical wall face and o assumed to be ~,this becomes: 

sin 2 (90 +B- ¢) 
KAE= ------------------~----~~---------------

cosB sin 2 (90 + B + ~ [I+ sin l.S ¢ sin (s6 - O - /1) r 
sin (90 +~+B) sin (90 + /3) J 

The total force (active and earthquake), PAE = ~ (y) KAE H2 where y =soil 

density and H = retained height. 

Figure 7-1. Mononobe-Okabe Equation 

When the acceleration is zero, kh = 0, and KAE becomes the familiar Coulomb KA 
formula. 

_.. 

Also, note that passive the pressure coefficient decreases under seismic 
conditions. 

The passive earth pressure coefficient, KPE is: 

sin 2 (a-8+¢') 

B• . 2 . ( 8, s:) [1 sin(¢+ 8) sin (¢- B'+/3) ]
2 

cos sm asm a + + u + 
sin (a+ t5 + B') sin (a- fJ) 

KAE is thus two components (seismic and static). The seismic component (KAE -
KA) is assumed to be an inverted, near-triangular trapezoid force (maximum at 
the ground surface) acting at a height of0.6 H. For stem design, His the height 
from top of footing to retained height. For overturning and sliding, H is the 
height at the back face of the footing, along a virtual vertical plane from the 
bottom of the footing to its intersection with the backfill grade. 

The KA component is the familiar triangular distribution acting at H I 3. 

The height to the combined resultant can be obtained by the formula: 

Basics of Retaining Wall Design Page 53 



.. _ 

The direction of force application, per the Coulomb formula, is assumed to be 
inclined at an angle (from horizontal) equal to the friction angle at the back face 

of the stem, o, which is often assumed to be ~ . Therefore, the horizontal 

components can be assumed to be 

p AE boriz. = COS (~) p AE· 

A simple approach to the design for seismic is suggested by the overlapping 
force triangles, which tend to combine into a nearly uniform load over the height 
of the wall, if the height of the resultant is O.SH. 

K rH 2 

Therefore, w = ~H = 0.5 KAE y H, where w is the equivalent uniform 

lateral static plus seismic force. This simplification, while approximate, is 
particularly helpful for checking stem moments and shears at various heights. 

Seed and Whitman suggest an approximation ofKAE = KA + 0.75 ktt. If, for 
example, ktt is 0.30 and KA = 0.27, then KAE approximate would be 0.495. This 
would suggest an 83% increase over static KA. However, the stem moments and 
overturning are greatly increased since 0.75 kh act at an assumed height of0.60H. 
Some geotechnical engineers use this method to give an added uniform seismic 
force over the full retained height with resultant acting at 0.6H. Such a 
requirement, therefore, might read "for st!ismic design add a uniform lateral force 
= 20 H2 with the resultant applied at 0.6H. 

/ 
APA£ 

7 

f 
PA .6H 

Figure 7-2. Application of Seed Whitman Method 
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Seed and Whitman's paper commented that few building codes (at that time) 
required seismic provisions for retaining walls, and concluded that the factors of 
safety for static design, which are generally around 1.5, are adequate to protect 
the wall for short term seismic forces, since such forces would merely reduce the 
safety factor to an acceptable value greater than 1.0. 

NA VF AC for Seismic Zone 4 (UBC '97) requires, in addition to static force, 20% 
of the total active pressure and 20% of the wall weight, acting at 2/3 the height. It 
further comments that the one-third stress increase for short-term loading should 
more than compensate for the added seismic stresses. 

AASHTO contains seismic design guidance for retaining walls in their Section 6 
of Division I-A. 

Determining ~ 

kh is the ground acceleration factor used in the Mononobe-Okabe (M-0) equation 
to compute lateral seismic earth pressure in cantilevered retaining walls. 

This is a design value and not necessarily the most severe acceleration that could 
occur at the site. Unless an arbitrarily reduced value of kh is used, one-third to 
one-half the peak ground acceleration is often used (see Kramer and others). 

The starting point is to determine the peak acceleration applicable to your design. 
Assuming your code is me 2003, or ASCE 7-02, which has identical charts 
(UBC '97 will be discussed later), select from the contours the Maximum 
Considered Earthquake (MCE) ground motion for 0.2 second, spectral response 
acceleration at 5% of critical damping. Note that retaining walls are "short 
period", hence the 0.2 second selection. 

There is an easier way. Go to http://eqhazmaps.usgs.gov This is a U.S. 
Geological Survey address. Just enter your zip code (but latitude and longitude is 
more accurate). For example, Newport Beach, California, zip code 92660, gives 
127.4 percent "g", or 1.274. These maps are somewhat different from me maps 
and the latter are preferred and a zoom-capable CD is available from IBC. 

Here is an example procedure for obtaining a design Kh using the USGS Hazard 
Maps: 
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From charts, Ss = 1.274 
(All terms defmed in referenced codes) 

SMs =Fa Ss 

Fa= 1.0 (This is a function of soil characteristics and.value of Ss. See 
Table 1615.1.2 in IBC). 

· SMs = 1.0 x 1.274 = 1.274 

Sos = [3 SMs = 0.667 x 1.274 = 0.85 

Per ASCE 7.02 Provisions Sec. 7.5.3: 

Ktt = Sso = 0.40 x 0.85 = 0.34 
2.5 

(Note that this is about one-fourth MCE) Note also that the above example value 
ofh is nearly the same as could be obtained using simplified base shear equation 
16-56 with R = 3.0. 

Alternately, using UBC '97 and/or CBC '01: 

.,. 

lllil 

Derive~ from base shear, V, for non-building structure. (Terms defmed in UBC .... 
'97 and CBC '0 1 ). 

Assume R= 3.0 

For example design: Ca = 0.40, I= 1.0 

:. V = 2.5x 0.40x 1.0 W = 0_33 W 
3.0 

This suggests Kh = 0.33 = 0.34 per IBC. 

Simplified Seismic Force Application 

The NEHRP 2000 Part 2 -Commentary states Seed and Whitman's proposed 
simpler approximation: 

lett is the peak ground acceleration modified per Provisions Sec. 7.5.3: 
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where kh = Sos I 2.5 
Base moments, using this simplification, are therefore: 

MAEbase = P A (H/3) + (dP AE) (0.6 H) 

= yH3 (0.17 Ka + 0.225 ~} 

An observation from this is that the base moments from static and dynamic 
(seismic) are equal when kh...., 0.75 KA 

An arguable issue: If the seismic component is considered a factored force, and 
since overturning and soil pressure are based upon un-factored forces (E/1.4 ), 
should the seismic component be reduced by 0. 71? 

Vertical Distribution of Seismic Force on Stem 

Here is a simplified method for assuming a uniformly applied force to the stem: 

Since PAE = P& + APAE 

'Y H2 
p AE = -- (.75 ~ = .375 kh yH

2 

2 

KayH 2 

2 

Total force on stem: PA +APAE = .5KayH2
+ .375 ~yH2 

If resultant acts at 0.5 H, the uniform lateral on stem 

.SK .., H2 +.375 K v H2 

= a ' h ' = (.5 Ka + .375 ~) (yH} 
H 

For design example, assuming Ka = 0.35, ~ = .34, y = 120 

Fp = 36H 

Note that this simplified formula is not valid if there is a sloped backftll that will 
significantly increase seismic forces. 
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Seismic for Stem Self-weight 

This is an arguable issue: whether to include the seismic force due to self-weight 
of the wall acting simultaneously with the seismic due to earth pressure. It does 
not appear to be defined in the codes. AASHTO, however, in 5.5.4 states: 
" .. . seismic design forces should account for wall inertia forces in addition to the 
equivalent static force, where a wall supports a bridge structure ... ". But section 
5.6.4, referring to flexible cantilever walls, states that "Forces resulting/rom 
wall inertia effects may be ignored in estimating the seismic lateral earth 
pressure". 

Judgment indicates that seismic self-weight should be applied simultaneously 
with seismic due to earth pressure. 

Using ASCE 7-02, Section 9.6.1.3: 

Fr in equation 9.6.1.3-1, for cantilevered wall and assuming Ip = 1.0, 

Reduces to: Fp = 0.4 Sos W P 

Per above design example where Sos = 0.85,: 

Fr = 0.4 x 0.85 x 1.0 Wp = 0.34 Wp 

Using the UBC •97 method: 

Fr - apCaiP(l+hx)wp 
Rp hr 

h 
ar - 1.0, Rr = 3.0, 2.. = 0 at bottom and 1.0 at top. 

hr 

F P for design is average between top and bottom 

:. Fr = (1.33 + 0.70) /2 = 1.015 * [ Calr Wr] 

For example design, Ca = 0.44, Ir = l.O 

:. Fr = 0.45 Wr 
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CIUTIINII 
---··---·-···---·-·····-------------.-·-·----

Retain Pro is intended to be a design aid for persons already having the 
technical ability to design retaining walls in accordance with accepted 
structural engineering principles and applicable building codes. Design 
criteria used, input values, and all results from this program should be 
verified. The final design and/or analysis shall be the responsibility of 
the person(s) using the program and its results. Program developers 
ENERCALC Engineering Software, and Retain Pro Software/HBA 
Publications, Inc., their owners, and employees, are not responsible for 
anything resulting from the use of this program or its calculated values 
or drawings. Your acceptance of these conditions is a condition for its 
use. If you do not agree to accept these conditions and responsibility, 
you should return the program disk and accompanying documentation, 
retaining no copies and with a statement that it has not been installed 
on your computer, within 30 days of receipt and receive a refund of 
purchase price excluding shipping charges. 

Retain Pro TM ©2005 Retain Pro Software 
All rights reseNed 

Retain Pro 6.1 User's Manual ©2005 
HBA Publications, Inc. 
All rights reseNed 

Basics of Retaining Wall Design 
© 2005 Hugh Brooks 

All rights reseNed 

COPvriUhts 

Trademarks 
---· .. --··------~---·---

Wherever the term "Windows" is used. it is a registered trademark of 
Microsoft Corporation. 

Wherever "AutoCAD" is used, it is a registered trademark of Autodesk, Inc. 
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Welcome I 
Now you have a powerful, timesaving tool to help you design or analyze nearly any 
retaining wall you're likely to encounter. It will transform one of the most tedious 
structural design tasks from hours to minutes - and give you full documentation both 
on-screen and on printouts. 

We welcome you to our family of many thousands of Retain Pro users nationwide, 
and on our part. we are dedicated to provide you with the finest retaining wall design 
software available. 

We want to stay in touch with you. to know how you like the program, and to hear any 
suggestions you have for further improvements or new features. Remember to check 
our website, www.Retain Pro. com, often for news and announcements. and you can 
email us with any comments or suggestions at hbrooks@retainpro.com. 

Just a linutal Please Bead This First ... 
We know you want to jump right in, but even if you are upgrading from a 
previous version, please read through this User's Manual first True, you may 
not need to, especially since the program Is quite Intuitive and helpful prompts 
are everywhere, but a read-through will be an excellent Investment of 30 
minutes of your time. 

We assure you that you will save time by doing this ·and perhaps an 
unnecessary phone call to us. Nearly all of the entries are explained, and in 
particular, you should read the section Design/Analysis and Methodology. 

And again, a reminder to check our Website often at www.retainpro.com. You 
can e-mail us from the site, and you will also be alerted to any technical 
bulletins (yes, we do occasionally find bugs). With version 2005 you will have 
automatic maintenance updates, via the Internet, and you will be asked 
whenever they are available. This manual is also available in pdf format under 
the Help Menu. 

You can access our online User's Forum using your email address and 
password, to post questions and comments, and top read announcements 
from us. 

If you change your email address you MUST notify us at 
www.retainpro.com/support, or you will not receive our bulletins and 
announcements. 



Caution: 
rAGAIN WE NEED TO REMIND YOU THAT THIS PROGRAM IS 

I INTENDED FOR THE PRACTICING ENGINEER WHO HAS THE I TRAINING AND CAPABILITY TO DESIGN RELATIVELy COMPLEX 

RETAINING WALLS "BY HAND," AND IS FAMILIAR WITH SUCH 

DESIGN PRINCIPLES. THIS PROGRAM SHOULD BE USED ONLY 

BY THOSE WITH THESE PREREQUISITES, SINCE A LACK OF 

UNDERSTANDING OF TERMINOLOGY AND DESIGN PRINCIPLES 

COULD LEAD TO ERRONEOUS INPUT AND INACCURATE 

RESULTS. 

-------·---~---------~---~--~----------~---···-A·-·-·---~----~----

2 

••• 

.. . 

•• 

ollllli 

•IIIIi 

... 

'"'' 



'". 

·~ ' 

lih{ 

:iv-

About Retain Pro™ 
This new Version 2005 is our tenth upgrade since Version 1.0 was introduced in the 
summer of 1989. We've come a long way since then, and Retain Pro is now used in 
thousands of design offices, governmental agencies, and plan review agencies 
nationwide, and has become the #1 choice for retaining wall design and analysis 
software. 

The Retain Pro program was written by Michael Brooks, founder and president of 
Enercalc Engineering Software, and portions of Retain Pro are included in their 
Structural Engineering Library. Since 1991 Retain Pro Software has been an 
independent company acquired by Hugh Brooks, SE, as a division of HBA 
Publications, Inc., Corona del Mar, California. 

What You can Do With Retain Pro 2005 
--~-------------------------

This is a powerful program that you can use to design or check nearly any 
configuration or loading conditions for cantilevered or restrained retaining walls. The 
design methodology follows accepted engineering practice, as described in later 
sections, and is in accordance with applicable provisions of ACI318-02, ACI 530-02, 
IBC 2003, NEHRP 2000, ASCE 7-02, UBC '97, and CBC '01. 

Here is a listing of design capabilities contained in Retain Pro 2005: 

• 

• 

• 

Cantilevered Stem wall can have up to five different stem sections, of either 
masonry or concrete, each with a different thickness and/or reinforcing size 
and spacing. You may also include a weightless fence on top of the wall. 
Concrete stem can be tapered on inside face (cantilevered walls only). 

Selects applicable building code and program automatically inserts load 
factors, all of which can be changed or set as default 

Restrained walls with lateral support near top and base either fixed or 
pinned. 

• Designs gravity walls. 

• Surcharges on either side of the wall. 

• Sloped backfill. 

•· Axial dead and live load applied to the top of the wall, with eccentricity. 

VVind acting on a wall projection above grade. 

• Wall Wizard for quick-start data entry. 
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• Optional Visual Input data entry screen. 

• Add lateral loads against the stem - uniform or concentrated (impact) loads. 

Effect of an adjacent footing behind the wall. 

• Water table conditions (two levels of active pressure). 

• Option to use user-defined active and passive pressure or input angle of 
internal friction and program will compute pressures using the Rankine or 
Coulomb Formulas. 

• Add seismic forces per Mononobe-Okabe equations, including wall self­
weight and restrained walls. 

• Wall tilt calculations. 

• Specify percent passive and frictional resistance to be used to prevent 
sliding. 

• Specify sliding resistance using cohesion, in lieu of friction. 

• With the built-in AutoCAD® utility you can create a .DXF file of your design to 
import to your CAD program (AutoCAD®, AutoCAD® LT, QuickCAD, and 
others) to create a to scale drawing for inclusion in your drawings, or print on 
your laser printer. 

• On-screen graphics to view input loading conditions and wall geometry. 

• Database files to keep track of your designs, with capability to add, edit, 
delete, copy, or print a file. Print directory lists. 

• Automatic sizing of footing 

• Customize your title block for printouts. Even add your logo. 

• Over 70 values (wall weights, factors. stresses. and dimensions) can be 
modified or set as default values. 

• Extensive on-line Help System and access to online User's Forum. 

• Warning messages for overstress conditions. 

• Select either U.S. or Sl.units. 

• Comprehensive two page 8.5" x 11" calculation printouts. 
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Wbafs lew In lerslan 2005 ;t 
You'll experience a new look and feel, with an easier-on-the-eyes background color, 
improved printouts, and lots of tidying-up enhancements to make your work even easier. 

There's this new User's Manual with more explanations, and ifs also accessible within the 
program, In pdf format 

We've added a QuickHelp button to give you instant explanations of all entries, including 
tips, and ifs accessible from every screen. 

You'll never be out-of-date with any missed patches. Every time you open Retain Pro 2005 
you'll be asked if you want to install a maintenance update (provided one becomes 
necessary). And ifs all automatic. 

You'll be assured of continuing technical support. Personalized, either fax, email or talking 
to Hugh. 

If you're upgrading from version 6.1x, you will, of course, have all the patches issued up through 
6.1f, in case you missed any. 

If you're upgrading from version 6.0, you'll also find that we've updated to all current codes, added 
editable load factors, added seismic design for restrained walls and wall self-weight, and other 
improvements. We also introduced assigning you a Product Activation Code (PAC) which lets you 
install Retain Pro on multiple computers without a CD (Internet connection is required}. 

If you're upgrading from version 5.x or earlier, you'll also find a whole new array of features, 
including gravity walls, seismic design, and many other technical improvements 
throughout. 

We doubt whether anyone is still using version 3 or earlier, but it should be noted that in 
version 4 we switched from DOS to Windows. 
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Before YOI Begin 
First, read the license agreement contained herein, and review our cautionary notes 
about only qualified personnel using the software. When you install and use the 
software you will be accepting and bound by all the conditions stated therein. 

Second, understand the operation of the Microsoft Windows version you are using, 
(95, 98, NT, 2000, ME, or XP) that must be installed on your computer before using 
Retain Pro. Be sure your display is set for either 800x600-pixel or 1024 x 768, and 
set for small fonts. 

Third, review the hardware requirements outlined below. The software must be 
installed from the CD onto your hard drive, or downloaded from 
www.retainpro.com/downloads, using your Product Activation code to activate from 
demonstration mode. 

Fourth, read through this User's Manual so you will know how to navigate and what 
all the entries mean. If you have downloaded this software, the User's Manual is on 
the file and should be viewed, read, and printed (Adobe Acrobat}. 

Lastly, go ahead and run the "SETUP.EXE" program from the installation CD. 

SvsteDI ReQUirements 
Here's what you will need to use this software: 

• Pentium 4 processor. 

RAM: 16 MB recommended. 

• Windows 95, 98, NT, 2000, ME, 2000, or XP. 

• 16MB of hard disk space. 

• A standard 1024 x 768 monitor, or 800 x 600 

Access to the Internet is required since it will be the source of downloads and 
give you access to the online User's Forum. 
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lnstallatlen Precedure ----·----·---
For Windows 95, 98, NT, 2000, ME, or XP 

From your desktop, click the START button and select RUN. 

Type D:SETUP.EXE in the box to the right of the word "Open". (Or select the 
correct drive for inserting the CD). Then click the OK button. 

• The setup program will begin. All you need to do is specify the drive and 
directory location to install Retain Pro 2005 (for example "RP2005"). 

If you're downloading, go to www.retainpro.com/downloads, and follow the 
instructions. Your download will be in the Demo mode, and when prompted you will 
need to enter your 12-character Program Activation Code (PAC), which will be on 
your email order acknowledgement, to activate the program. 

Here are instructions for installing Retain Pro on a server: 
Install Retain Pro into its own subdirectory off of the root Start Retain Pro up on the 
server and enter your Product Activation Code (PAC). This will store the PAC on the 
server. On the client, create a shortcut to the executable program file. Be sure that on 
your shortcut the startup directory is set to the installation directory on the server. 

To create a Retain Pro icon for your desktop, right click on the desktop, choose New, 
choose Shortcut. On Create Shortcut dialogue box choose Browse, then double-click 
on the Retain Pro directory you installed. Double-click RP6.1.exe, which will then 
appear on the Command Line in the Create Shortcut box. Click Next, then Finish. An 
icon will be on your desktop. To rename it, Right-click and choose Rename. 

Write down or remember your personal password for access to the online User's 
Forum and Message Board. You'll also need the email address you used for ordering 
-you can change it later by going to www.retainpro.com/supoort. 

Technical Suppen 
If you need technical support, go to www.retainpro.com/support. You will find an 
email form for technical support, fax number, and voice contact information. Please 
include your name, company, and phone number, and a brief description of the 
problem you are experiencing. If you question a computational result you must 
include your hand-calc showing your alleged discrepancy. Please first review the 
Frequently Asked Technical Questions on our website Support page. 
Providing technical support and/or reviewing your design input SHALL NOT be 
construed as approval of your final design- responsibility of the final design rests 
with the Engineer of Record. 
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Program Umltadons 
These are a few conditions that Version 2005 will not currently handle: 

• Computation of horizontal reinforcing for shrinkage and temperature. This is 
at the designer's option due to a wide divergence of opinion and practice. As 
a guide, please refer to Appendix A for suggestions. 

• Water table calculation is not valid for a fluid other than water, nor is this 
feature available for restrained walls. 

• Restrained walls can be of only one material (concrete or masonry) and only 
be 100% fixed at base, or assumed pinned at base- no intermediate 
degrees of fixity. 

• .DXF files created for restrained walls show only a to-scale depiction of the 
wall, without reinforcing. The program will display reinforcing selected from 
the design, however, the designer and CAD person will need to insert and 
detail the reinforcing per his/her specific design intent. Similarly, details at the 
top of the wall will need to be input, since conditions are too numerous (e.g. 
ledgers, connections for concentrated loads, architectural details). Horizontal 
reinforcing must also be chosen and input. 

Feedback and S•estions 
We always want to know how you like Retain Pro, what problems you encounter, 

and suggestions for new features and other improvements. We want to serve 
you as best we can! 

Just email us at hbrooks@retainpro.com. 
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DISCIAIIEI 
-----··--·------····-··-· ----· ·----·····-·----

Because this software may be used to design components of structures that protect 

property and human life, it is CRITICALLY important that you fully understand the 

intended use and capabilities of this program. Only experienced (and preferably 

licensed) professional engineers should use this software. The authors of this 

software have tried, to the best of their ability, to correctly combine the principles of 

structural mechanics, provisions of building codes, and typical analysis processes. 

Regardless of how thoroughly any software is tested, errors may occasionally -and 

likely will-occur, and the engineer-of-record for a project should thoroughly review 

the results and must take responsibility for the use of the final calculations. No 

software can possibly account for the multitude of factors influencing sound structural 

design; therefore this software should be considered only an aid to performing 

numerical calculations. In no event will HBA Publications, Inc., Retain Pro Software, 

or ENERCALC Engineering Software, its officers, owners, or employees be liable to 

anyone for any unfavorable conditions occurring from the use of this software. If you 

do not agree with the terms of this disclaimer or the terms of the License Agreement. 

return this User's Manual and uninstalled program disk to Retain Pro Software within 

30 days of purchase for a full refund of software cost, excluding shipping. 

Installation of the software by you indicates your acceptance of this Disclaimer 

and License Agreement 
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Ucense Agraeftl8ot 
This is a legal agreement between you (either an individual or an entity) and Retain 
Pro Software, div. of HBA Publications, Inc., wherein by installing this software on a 
computer or network server, you agree to be bound by the terms of this agreement. If 
you do not agree to the terms of this agreement, promptly return the uninstalled 
software and accompanying items to us for a refund. 

Definitions: 

License -- The conditions of use of this software to which you agree to adhere. 

Program Activation Code (PAC) - This is a 24 digit character assigned to you when 
you ordered, and is on your email order acknowledgement receipt. These are the specific 
characters to enter when initializing the program in order to change it from a 
demonstration mode to full use. It contains encrypted information about your use of the 
software and authorized number of seats. 

Registration Number (RN) - This replaces the originally used four digit order number. It 
is now a seven digit number following RP. For example, RP2345678. Keep this number 
handy since it will help us retrieve information about your order if necessary. 

Software - Retain Pro 2005. 

Password - This is a 4 to 8 digit password you assigned to yourself, or your company, 
for access to our online Forums and Message Board. 

Email Address -- This is the email address you used when ordering and is the only way 
we can contact you. If you want to change it, such as from the purchasing department to 
your personal email, you may do so online at www.retainpro.com/support. 

User ID- This is the same as your email address, and used for access to online Forum 
and Message Boards. 

Seat(s)- This defines the number of simultaneous users of the Software under the 
License Agreement 

10 
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Grant of License 

Retain Pro currently offers two classes of license: 

Small Office License - Permits installation of the Software on several office computers, 
including a home computer and a laptop, however, only one simultaneous user is 
permitted. 

Site License - Is intended for larger offices where the Software is installed on a network 
server allowing unlimited simultaneous users. However, a Site License is for one physical 
location only. For example, for a branch office another Small Office or Site license would 
be required. 

Retain Pro is considered in "use" on a computer when it is loaded into temporary memory 
{i.e. RAM) or installed into permanent memory (e.g. hard disk or other storage device} of 
that computer, except that a copy installed on a network server for the sole purpose of 
usage access by other computers is not "in use". 

A license must be registered to only one entity - individual or company - and one 
individual must be identified for the contact with Retain Pro and to assure compliance 
with the license agreement. 

It is the responsibility of the licensee to keep Retain Pro informed of any change of 
address, email address, or contact individual. Changes can be made at 
www.retainpro.com/support. 

Copyrights 

The SOFTWARE (Retain Pro 2005) is owned and copyrighted ©2005, by Retain Pro 
Software, a division of HBA Publications, Inc., a California corporation. 

The User's Manual is copyright ©2005 by Retain Pro Software. Copyright material is 
protected by United States copyright laws and international treaty provisions. Therefore, 
you must treat the SOFTWARE and User's Manual like any other copyrighted material 
(e.g., a book or musical recording) except that you may either (a) make one copy of the 
SOFTWARE solely for backup or archival purposes, or (b) transfer the SOFTWARE to a 
single hard disk provided you keep the original solely for backup or archival purposes. 
You may not copy the printed materials accompanying the SOFTWARE. 

11 



Other Restrictions 

You may not rent or lease the SOFTWARE, but you may transfer the SOFTWARE and 
accompanying written materials on a permanent basis provided you retain NO copies and 
the recipient agrees to the terms of this Agreement. If the SOFTWARE is an upgrade, 
any transfer must include the most recent upgrade and all prior versions. You may not 
reverse engineer, decompile, or disassemble the SOFTWARE, except to the extent such 
foregoing restriction is expressly prohibited by applicable law. 

Dual-Media Software 

You may receive the SOFTWARE in more than one medium. Regardless of the type or 
size of medium you receive, you may use only the medium appropriate for your single­
user computer. You may not use the other medium on another computer or loan, rent, or 
transfer the disks to another user except as part of the permanent transfer (as provided 
above) of all SOFTWARE and printed materials, nor printed copies of any documentation 
provided in "on-line" or electronic form. 

Limited Warranty 

Retain Pro Software warrants that the SOFTWARE will perform substantially in 
accordance with the accompanying written materials for a period of thirty (30) days from 
the date of receipt. Any implied warranties on the SOFTWARE are limited to thirty (30) 
days. 

No Other Warranties 

To the maximum extent permitted by law, Retain Pro disclaims all other warranties, either 
express or implied, including, but not limited to, implied warranties or merchant ability and 
fitness for a particular purpose, with regard to the SOFTWARE and the accompanying 
printer materials. This limited warranty gives you specific legal rights. You may have 
others that vary from state/jurisdiction to state/jurisdiction. 

------··-·· 
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No Liability for Consequential Damages 

To the maximum extent permitted by applicable law, In no event shall Retain 
Pro be liable for any damages whatsoever (including without limitation, 
damages for loss of business profits, business interruption, loss of business 
information, or any other pecuniary loss) arising out of the use of or inability to 
use this Retain Pro product, even if Retain Pro has been advised of the 
possibility of such damages. Retain Pro makes no warranties, either express or 
implied, as to the quality and perfonnance of the SOFTWARE, that the 
calculations contained in the SOFTWARE will meet your requirements, or that 
the operation of the SOFTWARE will be uninterrupted or error free. You agree 
that the SOFTWARE is intended to aid you in performing engineering oriented 
mathematical calculations, and that the results obtained from the SOFTWARE 
do not necessarily constitute an acceptable engineering design or analysis. 
You agree that results of the SOFTWARE shall be reviewed by persons 
possessing experience and thorough understanding of the engineering 
principles that apply or might apply to the usage of and results of the 
SOFTWARE. You agree that any owner, officer, director, employee or 
representatives of Retain Pro Software or HBA Publications, Inc. shall not be 
liable for any direct, indirect, incidental or consequential damages resulting 
from a defect in the SOFTWARE, nor for any error of judgment, mistake of fact, 
or act or failure to act You waive all warranties imposed or implied by law In 
connection with the SOFTWARE other than those speclftcally provided for 
herein and agree that no agent or employee of Retain Pro Software or HBA 
Publications, Inc. has made any warranties or promises, express or implied, 
other than those expressly contained herein. 
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QIICI.STAIT OVenlew Tutorial --------·----
The program is designed to be intuitive, that is, lead you through the design of a 
retaining wall. just as you would do it by "hand cafes." But save you lots of number­
crunching time! 

As we'll describe below, you design the wall by steps-t~sing the tabs at the top of 
each screen to lead you - from left to right - from criteria input through the design 
process. On the right side of your screen you can access Summary, Construction 
Drawing, loading Diagram, or MomenUshear diagrams. 

You'll start with the WELCOME TO RETAIN PRO 2005 screen, where you choose 
what you want to do. You'll have many options, such as using Wall Wizard or the 
graphical data entry screen. Soon you'll learn it's easiest to start with CRITERIA. 

To navigate between or within the screens, use your mouse to position the cursor, or 
use the TAB key to advance the cursor to succeeding entries (don't use the ENTER 
key after entering date-use the TAB key!). Spin buttons and drop-down menus are 
also available. 

HELP gives you access to Tutorials, and the "QuickHelp" button on the Task Bar 
displays the related page from the User's Manual for entry explanations. And when 
your cursor is on an entry, its description is on the Entry Description Bar at the 
bottom of your screen. 

There is a SETTINGS screen tab where you enter your title block information-and 
even import your logo, which will then appear on all your printouts. 

It's easy to change input and manipulate your design to optimize the result you want, 
and meets your design criteria. (For example, the program doesn't choose the stem 
reinforcing for you-there are too many options the program can't predict for you-so 
you play with the bar sizes and spacings until the Stress Ratio (which appears after 
every entry) approaches 1.0, indicating an efficient design (but not over 1.0, or the 
Overstress warning should flash on!) 

\1\lhen you're done click PRINT to get a two-page printout of your design. You can 
also click the Print Preview icon alongside the Print button to preview the printout. 

\1\lhen you've finished a design you can make a DXF file to import into nearly all CAD 
programs (such as AutoCAD<i.'- AutoCAD® LT or QuickCAD). You'll still need to do 
some editing, but most of your drawing will be done for you. 
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Here is a quick tour of the steps to design -or analyze - a retaining wall: 

From the Opening Screen, "WHAT DO YOU WANT TO DO?," choose your path. If 
you are just starting the program, you will want to choose CREATE PROJECT FILE 
and perhaps call it "Testing" to become familiar with the program. Afterwards. you 
can give specific names such as a project name or the name of a client. 

After you have chosen CREATE PROJECT FILE and given it a name, click SAVE. 
This will lead you to a WALLS IN PROJECT FILE directory. Click ADD WALL, then 
choose the type of wall you want to design: cantilevered, restrained, tapered stem, or 
gravity wall. You can also choose WALL WIZARD to help you. 

If you choose WALL WIZARD you will be led step by step with questions to answer 
regarding the criteria you want to use for your design. When you have finished 
entering data, it will be automatically inserted into the next screen, CRITERIA, ready 
for you to continue with your design. 

4. If you skip WALL WIZARD and instead choose, for example, ADD CANTELEVERED 
WALL you will be first prompted to enter the information for this design Oob title, 
number, designer, etc.). 

5. To continue with your design you proceed from left to right with the tabs at the top of 
your screen, proceeding from CRITERIA to LOADS to STEM and finally to 
FOOTING. You will note that for each 'tab' there are 'sub-tabs' asking you for 
additional criteria input. Pay particular attention to the OPTIONS sub-tab. 

6. When you complete your design you can also click tabs on the right side of your 
screen for a schematic construction drawing of your design, a wall loading diagram, 
stem moment and shear envelope curves. You can click Save to put your design into 
the Walls In Project File directory, or Exit to return you to the WALLS IN PROJECT 
FILE screen. You may also click PRINT to print your calculations, or SAVE to place it 
in the WALLS IN PROJECT FILE directory. 

Remember that for help you can click on QuickHelp (on the Task Bar) to get exPlanations 
of entries. 

To make a DXF file, select Make DXF from the task bar. It will prompt you for additional 
information, such as a file name. When imported to CAD, some editing will be required. 

Remember that HELP can also be selected from the tool bar, where you have choices of 
the Topic Index and Tutorial. The tutorial topics can be particularly helpful as you learn. 

Note that the Construction Drawing and Diagrams will initially show only a default 
image and will not display completely until you have finished your design, since it 
does not have enough data. We suggest you do not access these tabs until you 
have finished a design. 
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1118 STilT ••• Screen -------
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I 
....................... 

![ 
I 
I 

I 
I 
I .. 
i: 
I 

I r 
r 
l 

I 

Welcome to Retain Pro 2005 
What would you like to do ? 

JPrevious Activities. .... 

I I ~ Open last File : c:\rp2005\.example2.rp5 

I [ li:!. Open !Jist Wan: C........,ed wau, EX-1 

Select a recent Retain Pro file .... 

~}!P_20!!_~e~IJJ1?J!l.2JRL.. ___________ _ 
c:\rp61 \examples.rp5 
c:\rp61 \retainpro\coast development.r~ 
c:\rp61 \8695 kemper.rp5 
c:\rp61 \tes1ing 6.1.rp5 

I. 

View/Edit Selected File I 
- _j 

ft;t ~reate Project File 

i 
j ~ Qpen Project File 

i JZJ !lelete Project File 

1(~ tle;-· 
Jt ,Cancel 

i 
j 

-, 
I 
J 

When you start the program you will first see a Welcome To Retain Pro 2005 screen 
(shown above) subtitled "What Would You Like To Do?" This will be the initial screen 
from which you choose the design paths you wish to follow. You will be offered a 
number of choices: 

--.. ·------~-~-----------·-----.. ·--··---------·-------------~~-. 
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Previous Activities will offer these choices: 
Open Last File enables you to quickly go to the last project file you were working 
on. 

Open Last Wall enables you to pick up where you left off with your last wall 
design. 

Select a Recent Retain Pro File will give you a listing of recent project files you 
have used. By highlighting any one of them and clicking View I Edit Selected File 
below you can access it. 

Create Project Fife is used to create a Project File which will contain one or more 
walls designed for that project folder. 

Open Project File will display a complete fist of project files from which you can 
make a selection. 

Delete Project File will delete the highlighted file. 

Help will lead you to four choices for getting help. 

Cancel will return you to the TOOL BAR. 

Each of these procedures will be described later. 

·--·----··-~--------···-·-·-·------·--·--------·---

17 



TheTHIBar 

Across the top of all screens will be the Tool Bar, which will offer nine choices. Some 
of the choices may be dimmed for certain screens when they are not applicable or 
available. 

Start Menu returns you to the Welcome I start-up screen. 

Open File is to access a project file you have already created. 

Pick List offers you a quick way to view and select recently used project files. 

Make New is for creating a new project file (such as for a client or a specific project). 
Choosing this leads to the Create New Retain Pro Project File window. 

Save As allows you to save the currently open to a fife with a different name. This wi!! 
be dimmed except on the Walls in Project Files screen. 
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Save Defaults is dimmed except when working on a wall design. This button saves 
the input values in the current wall design as default values for subsequent new wall 
designs. 

Make DXF File leads to the dialog box Select DXF File Options. 

Settings leads to a Global Settings screen, which allows you to create or change 
your title block and/or logo. 

Help & Tutorials offers seven choices: 

Topic Index, where you can scroll to select a topic that you'd like explained. 

Tutorial, where you can scroll through a list of get-started topics. 

FAQs directs you to www.retainpro.com/support where common technical 
FAQs are accessible, and updated frequently. 

Email Support will connect you to the Internet and give you a ready-to-use 
screen where you can ask a technical support question and email it to our 
staff. 

FAX Support gives you a form ready for you to fill out, print, and FAX to our 
support staff. 

This Version will give you information about the Retain Pro version you are 
currently using. 

Access User's Manual allows you to download the complete User's Manual 
(in Adobe Acrobat .pdf format) for viewing and printing. Pertinent sections of 
this manual will also be accessed from each screen via the QuickHelp tab .. 
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Open Pniect Hie /lab New Pniect Hie 
Choosing Open File from the Task Bar will display the Open Retain Pro Project file 
window selection dialog, shown below. Use it to access a project file you have 
previously created. All Retain Pro for Windows files use a file extension of "rp5''. No 
other index files are required. Here's an image of the Windows file dialog ready to 
choose "Open" to load the "examples.rp5" file from the C:\rp2005 location: 

Use LOOK IN to select the sub-directory you are using. Typically it will say "RP2005". 
Select any of the project files listed and click OPEN. The installation disk comes with 
the file examples.rp5 (the extension .rp5 is for compatibility with files you convert 
from earlier versions of Retain Pro) which contains nine example problems for your 
review and reference. We suggest you do not alter them. They are the same as the 
Sample Calculations and Printouts at the end of this User's Manual. 

If you had chosen Make New, you would see a similar dialog window, but with other 
project files dimmed. You would then type in the name of the new file in File Name, 
for example, "Baywood Development." You do not need to type the .rp2005 
extension-the program will add it automatically. 
VVhen you click Save (for a New Project File name) or Open to access an existing 
file, you will next see the Walls in Project File window. 

---·----------------·----~-- ·----·-·---------.. ---- . 
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Walls In Prliect File Window 
--··--·------- ---

This screen is the central control screen for working with the wall designs in a Retain 
Pro project file directory. 

12."wi#S@16." 

12."w/#7@16." 

The left side of the screen lists walls that were already completed and stored in the 
file RP20051EXAMPLES. The right side shows a schematic drawing of the 
highlighted wall, for your reference, and below, basic data about the wall below the 
sketch. 

If you had started a new project file, say BAYWOOD DEVELOPMENT per the earlier 
sample, this screen would have no entries until you click the Add Wall button, filled in 
the new job information. then clicked OK to place the wall into this file list 

Along the top are a series of'Tabs" that control the sorting of the walls listed. This 
way, you can view the walls in order of Title, Job Number, Date, or Height for faster 
access to the waH you wish to use. 
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The BDIIHI Bunans 
At the bottom of the Walls In Project File window are the following buttons: 

Close File Add Wall Edit Wall 
Import/Export Copy Wall Delete Wall Print 

They perform the following functions: 

Close File returns you to a blank screen with just the TOOL BAR displayed. 

Add Wall is used to add a new retaining wall design in the Retain Pro project file you 
have highlighted. Description of this entry follows 

Edit Wall displays the design criteria for the highlighted wall. 

Import allows you to choose another Retain Pro file, browse the walls in that file, and 
select one to bring into the file you are now using. This is a fast and easy way to a 
previous wall design copied to a new job file. 

Export allows you to put the highlighted wall design into another Retain Pro file. 
When you press Export you will be prompted for a Retain Pro file to export into with 
the standard Windows file selection dialog. After selecting a file, the currently 
highlighted wall will be placed into that file. 

Copy copies the complete file you are using to a new file name. After choosing the 
Copy button, you will be prompted to enter a new file name. Retain Pro will place all 
walls from the current file (showing near the top of the window) to the name you've 
entered. To copy just one wall design, use the Import button. 

Delete deletes the highlighted wall design from the file (you will be asked to verify 
first). 

Print the currently highlighted wall to the Windows printer of your choice. You can 
also choose to preview your calculation print-out page. 

Summary Button will print a summary of designs in the Walls in Project File 
directory. 

--------·-------------------------~-----·--------------
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Updating Load Factors 

VVhen a specific wall is selected from a Version 6.0 Project Directory, a pop-up 
window will ask whether you want to update the wall design, which used load factors 
from version 6.0, to new version 20051oad factors. If you click Yes, you will be 
prompted to select a building code. The design will then be updated for strength 
design factors based upon the code you selected. If you want to change load factors, 
click on Calclnfo and select another code (for example, IBC to AASHTO). or go to the 
Load Factors tab and change factors. 

Always check the Load Factors since you may have edited them differently from the 
default values. 
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PiciiUst 
-----· --------------

This screen is a quick way to jump to any Retain Pro file, and then pick a Project file 
to edit or add a new wall design. Highlight the project file and click Edit File, or just 
double-dick the highlighted file. 

Select a recent Retain Pro file : 

c:\rp20:J5\example2. tp5 
c:\rp61 \examples. rp5 
c:\rp61 \retainpro\coa.st de·~lopment. 
c:\rp611B695 kemper.rp5 
c:\rp61\testing 6.1.rp5 

----~--~-----·-·---
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The semnas Tab 
---··-----------· 

T~::&L~L~ted on the Tool Bar and is onl& occasi~;;!!Y_acce~~ed ~~~"®: 

:_,ill:.:~:.:::~::·~::&::::::::~~·l 
Company N•me 

User Name 

Email Address 

Voioe PMne Number ~--:=J Fax ~~ 

Address Una t 

Mdressline7 

City 

Stilre: PrOVince 

Posta: Code 

Country 

License Information 

This is license information for you to fill in about your company, for your reference. 

Printing and Title Block: 

Use these five lines for your company name, address, and phone number which will 
appear on your calculation printouts. You can also enter your logo which will print on 
the title block. Files supported include BMP, JPEG, GIF, PIX and INMF files. 

Product Activation Code (PAC) 

Enter your Product Activation Code here. Your Registration Number and the number 
of authorized licenses (seats) will also be displayed. 

Network Limiter Parameters 

Displays information about your network use. 

Updates This tab (not shown above) has prompts to set ·days between update 
checks" and other criteria for managing Retain Pro 2005's auto update utility. 

·---·-----·-------·-----.. ---·-------·--------·----·-·--·---.. -
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Chiesa Add Melhed Wlndlw ------ ------------
This screen appears when you select a wall in the WALLS IN PROJECT FILE, and 
press Add Wall 

l Choose wall type or start-up procedure you would like to use ... j 
r 
!. Select New Type of Wall add.... 
I 

I 
I 
I 

l 

CANTILEVERED Wall TAPERED Wall 

~ RESTRAINED Wall GRAViTY Wall 
~---------

-or-

.Q.opy all values from "Highlighted" Wall 

-or-

Use ~all Wizard Step-by-Step Q8A session 

j 
View/Print i 
Tutorial i 

__j 

! 

I. x· I . Cs_ncel 

i 

l 
i 

-----' 

On this screen you select the type of wall you would like to design, or copy values 
from a previously designed wall, or use Wall Wizard 
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After selecting Cantilevered, Restrained, Tapered, or Gravity Wall, you will jump to 
the start of your wall design, where you add the Wall Specific Title Block Information. 
Having selected the type of wall you would like to design. the subsequent criteria and 
Stem Design Screens will automatically be set for this type of wall design. 

If you select Copy All Values from Highlighted Wall, you will start with all the 
values from the currently highlighted wall and modify them as necessary for your new 
wall design. This is handy, for example, if you're making a series of designs for 
changing heights or conditions along a long length of wall (e.g., retaining 12', 10', 8', 
6', and 4'). 

Selecting Wall Wizard will open a series of questions to answer about your specific 
design. The answers will be input to the Criteria awaiting your finishing the design. 
When you become familiar with Retain Pro you will probably not use Wall WIZard. 

Clicking View/Print Tutorial will display a drop-down menu to select a topic to help 
you get started. The Tutorials are also available from the Help tab. 

Clicking Cancel will retum you to the WALLS IN PROJECT FILE screen. 

Note that if you are starting a New Project file this window will also appear if you are 
starting a wall design in a new project file. However, in this case there will be no 
previous walls in the Project Fife, so the Copy From Selected Wall option will not 
appear, and your only option is to choose Use Default Values. 

---· -----------------·---- -------------·---·----------
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Ising WaiW'IZinl 
From the CHOOSE ADD METHOD if you select Use Wall Wtzard Step-By-step Q & A 
Session you will be led through a series of questions regarding the wall you are 
designing. This feature will be especially helpful for new users. 

You can answer the questions and at any time press Back and Next to review how you 
have answered and make any changes. 

The first screen you get will prompt you for information that will appear on your title block 
such as job title, job number, designer, date, and description. This screen is essentially 
the same as the WALL DESIGN TITLE INFORMATION, which will be described in the 
next section 

After entering the wall title information, you will be shown seven icons for selection for the 
type of wall you will be designing. For example, a property line wall on the toe side, a 
restrained waH, or a gravity wall. 
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01 I 

This wiJilead you through a series of questions such as whether there is a soil slope 
behind the wall, height of soil over the footing, soil bearing value, weight of the soil. 
design method (equivalent fluid pressure. Couloumb. for Rankine method) lateral loads 
on the wall, axial loads. adjacent footing loads, material allowable stresses, and other 
design option questions. 

When you are done, click FINISH and this information will be put into the proper places 
for the wall that you will proceed to design. 

29 



Wall Speclftc lnfonBation (CalclnfoJ 
This Calclnfo tab is where you enter information about your wall design. It is the first 
screen in the Sequence Tabs which appears after choosing from the Choose Add 
Method box, or using Wall Wizard. Enter specific information about the wall that you 
are currently designing. "Job Title" will also appear on the Project Walls File listing. 

waa Specific w ... ..,.,.mation-.=------------, 

JnbTIIIe ............ ~I£X:::·:::1 ========~ 
JoD Number ..... ~===========: 
Oeslgner .•...•..... ~H::_;:B:;::;;:;::=::;-----;-----------' 
Data............. !Zit)112005 i TO<toy I 

:-BuHding Code--------­
r. i9C 1003 

r cac 2001 

r IJ9C1997 

r AASHTO 

r Other : Use this choice with your own lead !•u:tors. 

~-u~~;;::···=···=····=·--=----=--=----~=:=:== 
- Co U.S. Focr.i<ip r Sl: Newtun-Meter 

Nota: U.S. an•l'f.le wall per longit~d!nal toot 
SJ. 

lconstru<:ticn J Wall Loadmg I Diagrams J 

Somma<y IRasisbng I Overturning I Tilt J 

ro::a~'::i<>s~===----------~~~~ l Sliding Ra~o ------ 1.6l!i : 1.00 -

,-Sol loading Resuks--{Ser- ~<w.~ 

' Soil PressurB@ Toe. 
i Soil Pressure@ He.-:___ ________ _ 

! Aliowaoie ..... ....................... . 

I Total eean~~~~~iecc. - ~ - -- ~ 
! hcenvicjty outside mitklle thif!l 

:-fOOlinG Resulls-----
: ACI Factored Pressure@ Toe. ___ _ 
: ACI Factoted Pressure @i Hsel ... 
j lolo:Deslgn @To•-:- .... ! llu:DeSJgn @ Hoe•-----· 

] Stem fn:~~e t.kR'lR".ffl GovenW~ HffL P'•ocrH:tl« 

1,715.1 psf 
Q.D psf 

3,000.0 psf 
9,03~.91bs 

18.38 '" 

3,197.0 psf 
0.0 psf 

4,889.4 r.~ 
14,9SO.G f.# 

'One--Way r-oo1~ Shears-
: Shear @Toe Mil .. _ ... _._ 7.976 PSI 

i __ ;~;:!.~_;;~_~;~~-:~~~? __ ; ___________ }~~-~~-~~: _____ j 

The Wall Design Title Information you enter will appear on your printouts. 

The information you enter here will appear on your Walls In Project File screen. 
Ignore warning messages and data on the right side, which may be carried over from 
an earlier or uncompleted design. At the bottom of the screen you can select either 
U.S. or S.l. units that will apply to this wall only. 

Select the applicable building code for your project and the proper load factors will be 
applied (for Strength Design). Check the load factors since you may have edited 
them differently. 
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Design Sequence Tabs 
The tabs across the top of your worksheet screens can be called the Design 
Sequence Tabs. 

You will use them in sequence-left to right-as you proceed with your design (An 
exception is the Calc Info tab at right It will contain the Wall Specific Information you 
entered earlier, or you can change it here. 

Each of these tab contents will be described later, but here is a brief description of 
each, and of their sub-tabs: 

Visual Input 

On this screen, which is optional ·- you may prefer to skip right to Criteria to enter 
your data - you can enter data so you can see what you are doing. This drawing will 
not change as you enter data, however, the Construction Drawing (tab on right side 
of screen) will reflect your changes. Your input on this screen will be automatically 
placed on the following Criteria screen, ready for you to proceed with your design. 

Then the following left-to-right tabs and sub-tabs: 

Criteria 
General Data 
Material Data 
Options 
Load Factors 

Loads 

For entering basic design criteria 
Enter/change material data 
Check boxes for design procedure options 
Select building code and review or change load factors. 

Vertical Loads Enter all applicable vertical loads 
Lateral Loads Enter all applicable lateral loads 
Seismic Loads Enter seismic design criteria, if applicable 

Stem (will be set to type of wall below, based upon what you previously 
selected). 

Cantilevered 
Tapered 
Restrained 
Gravity 

Footing 

Wall not restrained at top-free to rotate 
Battered inside face (for concrete stems only} 
"Basement" or tieback walls with restraint at or near top. 
Battered on both faces and usually unreinforced, dependent 
upon bulk weight to resist overturning. 

Footing Dimensions Enter trial toe, heel, thickness 
Key Dimensions and Sliding Sliding design, if required 
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Calc Info For entering your Wall Specific Information (Usually already completed). 

On the right side of your screen these tab and sub-tabs: 

Results 

Summary 
Resisting 
Overturning 
Wall Tilt 

Construction 
Wall Loading 
Diagrams 

Displays the basis design results 
Tabular listing of resisting forces 
Tabular listing of overturning forces 
Enter soil modulus to calculate tilt of wall. 

Displays to scale a drawing of the data you hav entered. 
Graphically displays the forces on the wall. 
Shows envelope curves of moments and shears. 

--- -----·-·---~-
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ViSuallnDut Screen 
·-----

The use of this screen is optional, and will be primarily helpful to novices. You can 
enter most of the input for your specific wall design here. The information you enter 
will be automatically transferred to the next tab, CRITERIA, ready for you to proceed 
with your design. Conversely, info entered on criteria screen will be displayed here. 

V'ew .._ ~~I.__ I Otero j Footo>g I Cole""<> . ! 
Na!t;!,..... """""""-. 0<11 S<lOie-~-See ".:.....:ructioro" .... 

Deadla3d 

-n 
' ! 

··~II 
---------.t-a·l 

7-rr I 

, 
.... ,.. 

Please note that as you enter dimensions the displayed wall will not change. 
However, if you dick Construction Drawing, you will notice a changing after each 
entry. Initial value displayed will be Default Values. 

Warning messages and data on right side of screen can be ignored when starting 
your input, since it may have carried over from a previous or uncompleted design. 
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lefereoce Diaul'llll For Dimensional Canvendans Used 
To assist you in referencing the entries in Retain Pro's data entry locations, here is a 
drawing of a typical wall with the major entries shown. 
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Criteria Tab General Data 
On this sub-tab of CRITERIA you enter the basic design criteria. 

General Oa:ajMmerial Datal Oplions I Load F acmrs I 
Retained Height.... . .... j 
Wall height above.... .. .. ... . ...... I 

mtained so~ . 

Height of Soil over Toe.. .. ... I 
Watsr table h6'ighl """' h.-el... .... j 

10.&00 jl ft 

oooo "!jn 
12. 000 {j in 

oooo{jn 

;-Soil Value•s----------

! Soil Slcpe... 2.00 {iwl 1 

; Allow Soil Bearing .. .. . .. l 3.000.0 {! psf 

; Lateral Pressure Method. [ EJP [£j 
! Active Soil Pressure - Heel Side.. ~5.00 'ij pstm 

i Active Soil Pressure· Toe Side ... L-~ psflll 

! Passive Pressure..... I 365.00 'jJ psflll 
i 
; Soil Weiqht......... . ...... I 110.00 '#! pcf 

I6J Retained Height: 

ResuHs jconstruct•on Jw•l! Lc•ding I Diagrams I 
Summ~ jResi~1lng f overturning I Tltl I 
,-stabllil)rRatlos---··--·--·--·-----·----·-·-----·--------·--------, 
i OTII Riilio. 2.808 . 1.00 

SlidinQ Ratio ... t.625: 1.00 
L-~~-~-----~-------~--··-------------------------·-----~' 
r-soilloading Results~ Jr::ad--------. 
' SoU Pre•sure@ Toe... 2.715.7 psf ' 

Soli Pressors @Heel .. . 

AllilWliOie ... .. .. . 
j Tot;i Beartng Loan .................. . 
j ... resuttant ecc ...•.•....... 
~.entro:llyootsidetnl<idiethnd 

0.0 psf 

J.ooo.o psf 
9.034.9 lbS 

18.36 in 

rfooling Results-----------------···-----. 
: ACI Faebred PreSG<J!e@ TeL... 3.729.9 psi . 
'ACI Factored Pres sura@ Heei... 
~ Nu;Oesign@ Tee ............................ . 
: ... u:Dssi~n @ Heel... ..... . 

:Stem Base Moment Golu>rn<: HfU. Momen< 

; One-W"'Iffoo(ing Shears.. 
: Shear@Toe (v\i) ... 

"iucfl.eaJ@ 1"1eel (•a}. 
i Allow. FootJn; Shsar(';nlph~ .. 

0.0 p;t 

5.70~.3 r,1 
12.1n5 r.-4 

9.526 psi 
ll4.e~. psi 
76.026 psi 

This is the height of retained earth measured from top of footing to the top of soil 
behind the stem (over the heel). V\lhen the backfill is sloped, the soil will slope 
away and upwards from this height 

The actual retained height used for overturning and soil pressure calculations will 
be the retained height projected at the vertical plane of the back of the heel, but 
for stem moments. no such increase will be made. 

Using the spin-buttons you can vary this in 3-inch increments (you can type in 
any number}. After each entry you can press the tab key to advance to the 
next entry, or use your mouse to position the cursor. 
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IZ:JJ Wall Height Above Retained Soil 

Use this entry to specify if the wall extends above the retained height. This entry 
is typically used to define a "screen wall" projection above the soil retained. This 
extension can be used as a weightless "Fence" or a concrete or masonry stem 
section without any soil retained behind it You can enter wind load on this 
projection using the entry "Load @ stem above soil" on the "loads" tab. We'll 
handle the fence when we get to the STEM design screen. TOTAL HEIGHT OF 
WALL= "RETAINED HEIGHT"+ WALL HEIGHT ABOVE RETAINED SOIL". 

tZ:JJ Height of Soil Over Toe 

Measured from top of footing to top of soil on toe side, this may vary from a few 
inches to a few feet (it is input in inches) depending upon site conditions. It is 
used to calculate passive soil resistance (but its effective depth can be modified 
by the "Ht to Neglect" entry on the Footing> Key Dimensions & Sliding tab). This 
depth of soil is also used to calculate a counter-overturning moment, and reduce 
net lateral sliding force. You can negate the latter effects on the Options screen. 

b Water Table Height Over Footing 

If you want to design for a water table condition, enter the maximum height from 
top of footing to water table level. The program will then compute the added 
pressures for saturated soil on the heel side of the footing, including buoyancy 
effect, to calculate increased moments and shears on the stem, and overturning. 
Don't enter a height more than the retained height. nor a liquid other than water. 
If the water table is near the top of the retained height, suggest using saturated 
soil density and active pressure for the full retained height. 

IZ:JJ Soil Slope 

You may enter any backfill slope behind the wall. Use the drop-down menu or 
type the slope ratio as HorizNert. The soil must be level or slope upward. 
Negative backfill slopes (grade sloping downward, away from the wall) are not 
allowed. 

The program will use this slope to 1) include the weight of a triangular wedge of 
soil over the heel as vertical load, and 2) compute overturning based upon an 
assumed vertical plane at the back face of the footing extending from the bottom 
of the footing to ground surface - a steeper slope will result in a higher 
overturning moment We suggest not using a slope steeper than 1.5 to 1.0 
unless approved by the geotechnical engineer. The program will not accept a 
backfill slope steeper than the angle of internal friction. 
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b Allowable Soil Bearing 

The maximum allowable soil bearing pressure for static conditions. Using the 
spin buttons you can increment in 50 psf steps. Usual values for this vary from 
1,000 psf to 4,000 psf or more. 

fb, Lateral Pressure Method 

Here you can choose between E.F.P. or Rankine formula or Coulomb formula. 
EFP means "Equivalent Fluid Pressure," where you can enter a lateral soil 
pressure in psf per foot of depth. "Rankine" or ''Coulomb" instructs Retain Pro to 
use the Rankine or Coulomb Method to calculate active and passive soil 
pressures using an entered angle of internal friction for the soil. When Rankine or 
Coulomb is chosen, the Ka*Density value for active pressure is computed. 

b Active Soil Pressure • Heel Side (EFP Method Chosen) 
Active Pressure: Ka * Gamma (Rankine or Coulomb Method Chosen) 

Enter the equivalent fluid pressure {EFP), or the angle of internal friction if 
Rankine or Coulomb is chosen, for the soil being retained that acts to overturn 
and slide the wall toward the toe side. This pressure acts on the stem for stem 
section calculations, and on the total footing+wall+slope height for overturning, 
sliding, and soil pressure calculations. 

Commonly used values, assuming an angle of internal friction of 34°, are 30 pcf 
for a level backfill; 35 pcffor a 4:1 slope; 38 pcffor a 3:1 slope; 43 pcffor a 2:1 
slope; and 55 pcf for a 1.5:1 slope. These values are usually provided by the 
geotechnical engineer. If the Rankine or Coulomb method had been chosen. 
these values will be computed using those formulas. 

When the retained soil is sloped, a vertical component of the lateral earth 
pressure over the heel can be applied vertically downward in the plane of the 
back of the footing. You can choose to apply this force for overturning resistance, 
sliding resistance, and/or for soil pressure calculations, by checking the boxes on 
the CRITERIA > Option screen. It is recommended to use the vertical component 
only to resist overturning. 
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Jb Angle of Internal Friction {Rankine or Coulomb Method Chosen) 

This value is entered in degrees and is the angle of internal friction of the soil. 
This value is usually provided by a geotechnical engineer from soils tests, but 
can also be found in reference books or building codes for various typical soil 
classifications. This value is used along with Soil Density within the standard 
Rankine and Coulomb equations to determine "Ka" and "Kp" multipliers of density 
to give active and passive soil pressure values. 

ii!:JJ Active Soil Pressure -Toe Side 

If the EFP method is chosen. enter the active pressure to be used on the toe side 
of the wall. This active pressure is used along with the "Soil Height over Toe'' 
value (entered on the Sliding tab) to calculate a stabilizing soil force on the wall. 
This front side of the wall is assumed to be level. 

When either the Rankine or Coulomb method is chosen, the angle of internal 
friction is used in the Rankine formula with an assumed level toe-side slope. 

The active pressure from soil over the toe counteracts the heel-side active 
pressure to reduce net overturning and net sliding force. 

ii!:JJ Passive Pressure (EFP Method Chosen) 
Passive Pressure: Kp '" Gamma {Rankine or Coulomb Method Chosen) 

This is the resistance of the soil in front of the wall to being oushed against to 
resist sliding. Its value is in psf per foot of depth (pcf). For the E.F.P. method, you 
input this value. which is usually obtained from the geotechnical engineer. If the 
Rankine or Coulomb method is chosen, it will be computed and entered for you. 
Its value usually varies from 100 pcf to about 350 pcf. 

ii!:JJ Soil Density 

Enter the soil density for all earth above the toe and heel of the footing. This 
weight is used to calculate overturning resistance forces and soil pressures using 
the weight of the soil block over the projecting toe and heel of the footing. When 
surcharges are applied over the soil, the surcharges are transformed to 
equivalent uniform lateral loads acting on the wall by the ratio force = (Surcharge/ 
Density)"'Lateral Load. Input this value in lbs. per cubic foot. Usual values are 
11 0 pcf to 120 pcf. More if saturated soil. 
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CRmRIATab 

General Data Material Oat a !options I u.ad Factors I 
~asonry 

i Cor.e~ete block ty·pe . i4bPiiiWMJl!J l2J l, 

! 
i Factor applied to rm 

for calcul•tion of Em r=Mo] 

Multiplier ap~~ed to 
waU weight from tables _ uool 

~on crete~~---------~¥·-~·~--~, 

Stem Cor~crete Weight . 150.00"]Jpcf 

footing Concrete Weight. L_ __ :so:~ :fjpcf __ 

Material Data 

ResuHs lconstruct•cn I WaD Leading I Diagrams I 
Summ;tr IResistil1g I o.enurn;ng ! Tin I 
rst--oty-

OT!tl Fliitio .. 
Sii<linQ Rat<O 

2.1108 1.00 
1.625:1.00 

,-Soil loading II2Sulls---(Sorvioe lood--
. Soil Pressure@ Toe..... 2,715.7 psf 

Soit Pressure @Heel......................... 0.0 p<f 
Ali.,.....ble................. J,ooo.o pst 

Total Searinaload. 9,03~.9 lbs 
; ... risurtarttect........ ............. 18.38 in 
:__£ccenr;icltv rru!.side middi="'--"thi<"'-"'d __ _ 

:-foOlinG Re$UIIS 
: ACI Fartnre-d Pressure@ Toe ________ __ 

:ACi Fattored Press<Jre @HeeL 
j wu:Oesicn@ Toe ..... ....................... . 
: Mu:Design@ HeeL .......................... . 

: One-Wwt FOOling Shears... 
: snear@Toe(vu) .. _ ...... 

"'iotf4So~ea, @ Hee. :.:i'..-1 . 
! Allow. Footing Shear (viVPM _ 

3,729.9 psf 

0.0 p&f 

5.700f"# 
12,741.5 f.-# 

~.526 PSi 
44.ti31 psi 
76.025 psi 

--

On this screen you can change properties of masonry and concrete. 

For Masonry: 

10 Concrete Block Type 

This allows you to select Lightweight, Medium weight. or Normal weight concrete 
masonry units. 

/%.:;; Factor Applied to f~ for Calculation of Em 

The modulus of elasticity for masonry is 750 f~ per UBC '97 2106.12.1 and 900 

f m per IBC '03. This entry allows you to select the desired multiplier. 
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R'..JJ Multiplier Applied to Wall Weight from Tables 

This entry allows you to increase or decrease the internal default values of stem 
weights, as displayed on the STEM screen. 

For Concrete 

lb. Stem concrete weight 

This is usually 145-150 pcf, but may be changed with this entry. 

b Footing concrete weight 

This option is necessary since if there is any buoyancy effect, this will reduce the 
effective weight of the footing concrete. 
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camBIA Tab Ollliens 
This screen is critical to your design, since many subsequent calculation results 
will be affected. Review and check these boxes carefully. 

General Data I Material Data Options !Load Factors I 
'~l~ is present lo_!!!stst;ll •!i~l!..~IJ!tes ?. ~"-~~~ 

Use these 1tems when your :sun::narge may net 
be applied I OO'lb of !he tm~ to resist the fare es. 

: use TOE Surcnaroe To Retlst Slidtng & O.ertumang ? . . . P" 
: use HEELSur;harge To Resist Sliding & Olle!lorning' .. J;< 

i Use 1nis item to ignore the: UP'ft'3rd soli pressure under the heel 
j when caiculatng hael moments & shears. 

: NegleotUpward Pressure atH.:~~-----L 

iroe Ac!M! Pressure Used.L To Re<i<l ~ s Sliding G.Ji 
. -- --· • ____ ::::=.J 

~ Use t.t-tese ~hOites to select when to use the verticai component l 
! of acliw taierlll soil pressure. j 

li~Jf~~~~ii;~~~~?;i~~::=2:~:=~E~~~=-~ I 

!construction I Waf! Leading I Oiag:ams I 
Summ;;..JP.esi~ng J Otertuming J TiH I 
,-StllbililyRatios---~-----·----···----------·-·-······, 

OTll Ratio 
~ Siidin~ Ratio ....... . 

2.1108: l.OO 

1.420:1.00 
~-------·--·--·-·----·-·----;.~.h-•h•·---·--·h--·--·------------·--·---·; 
:-Soilload*IQ R.esutls--(Set..;ce load-·---·------. 
· Soil Pressure @Toe.......... 2.7157 psf ' 

S01l !>res sure @HeeL...... 0.0 psf 

AliDW1<ble 3.000 0 psf 
To1ai Beanngloao 

... resuttant etc .... 
[Ct:antficrtt lM~de mi..ridte Unrd 

9,03(.91Cs 
16.38 In 

--
;-foollng Results~··-···--··-------···----------·-.., 

! N:;t Factored Pressure @Tee ......... . 
i ACI Factored !>ressure @Heel... ..... . 
'Nu:Oesign @Toe ............................. . 
: Mu:D&sian@ H•aL .......................... . 

( Stemll...e Moment. G<>ver"" Hffi. Momenf 

j One-W"lf footing ShearS-
; Snear @Toe (vU) . . ... 

'iOO I$J 1ea! (!;! Meel C¥UJ 
· Allow. FoaUng Shear (vn!phQ 

3,729.9 psf 
0.0 psf 

5,704.3 1'.4 
12.H1.5ft4 

9.526 psi 
4 ... 03f psi 
76.026 psi 

1t1 Slab is Present to Resist all Sliding Forces 

Check this box when a slab is in front of the wall to resist lateral sliding .. \Nhen 
this box is checked, sliding is not a design issue - passive and friction resistance 
are ignored - but the lateral sliding force is displayed for checking the resistance 
offered by the slab. 

It has a similar effect for restrained walls. allow it to be placed higher-if this 
condition occurs, append your printout with hand-calcs, 

The slab is assumed to be at the top of the footing- not higher. 
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Iii Use Toe Surcharge to Resist Sliding and Overturning 

Checking this box will include the weight of soil overburden on the toe to resist 
overturning and add to its weight for frictional resistance. 

Iii Use Heel Surcharge to Resist Sliding and Overturning 

Checking this box will include heel surcharge. If surcharge is live load and its use 
would be non-conservative, don't check this box. 

Iii Neglect Upward Pressure at Heel 

For heel calculations you may choose to neglect the upward soil pressure, 
typically resulting in greater heel moment. If this box is checked the Mu for 
upward loads will be zero. 

ttl Toe Active Pressure Used 

Checking this box will apply the toe side active pressure to reduce overturning 
moment and reduce sliding force to a net sliding force to be resisted. 

Iii Choices for Use of Vertical Component of Active Pressure 

The vertical component of the lateral pressure is applied at a vertical plane at the 
back of the footing. You can optionally use this to resist overturning, sliding, or for 
soil pressure calculations. (For the latter it can make a considerable difference). 
Checking these boxes applies the options. For a level backfill, this option will 
back-solve the EFP method to find the equivalent internal friction angle, then 
apply this vertical component equal to tanp. If either the Rankine or Coulomb 

method had been chosen, this vertical component would be tangent of ~ . 

Note that most texts suggest using the vertical component only to resist 
overturning. For a level backfill these options are usually not used .. 

----·-·-----·------··-------·------·----------·-·----
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CBmBIITall 

Genera! Datal Matorial Dotal Opticr.s Lnod Factors I 
~au~ama Code---·-----------, 
· r. ISC 2003 ' uac 1 !197 r cec 2001 r MSHTO I 

r Other · Use this chcice with your own load !actors. 
1 

~ L!m!lf!K1w: 
Oelld load 1200 ~ 
l.M! Load 1.SDO j! 
Ear.h, H ann~ 
Wind, w 1600 ~ 
Seismic, E 1.000 j 

/Xi'~~\it:~t¥ii#';>:$'~iitii~-;'f'/'XJ 
n~or~~~\l'tli".d~~.i;:st~tha!:o 

~t>S"«e ~ Cht!ct v .. -t.~ sim.Jftaneous h-e~~.£:. 

\.'\t\er, "?IS' ~d. t i.s • 'S'!:re~. design t.teta"td terce 
(ctef!R.Jt ... , .OE) .....t thereb'f ar;;y ~ee: for ~ete s-::em ~~ 
:¥ld trAXn;. Sh...-e overttzr.ing tore~,~. sod soi p-S~!!! 
cocutatans a:e based upon :ervt-.=e le''f'ei! !act.xs, the ~Br!\ 

wiJ <r.ulip.y "!:'• by o.n • tr-, .~)tar t-=e ~-

Jt:r. Building Code 

load Factors 

Resufts jcoMStrucl•un i w.~ Loading I Diagrams I 
Summ;ry IResisfin; I Overlu<ning I Tirt 

,--Siabilily Ratios 

l Olll Rallo .. 
! Slidinc Ratio . 

2.808 : 1 .OC 
1.420: !.00 

;-·Scilloa61Q Restd($·-{Serwo.lc<.d·-·--···-·---·-: 
\ Soil Pressure @Toe.......... 2,715.7 psf · 
' Sod Pm•sure @Heel.............. 0.0 P•f 

AJiowoule................ 3,000.0 psf 

Total Baaling Lottd........... 9,034.9 lbs 
, ... rasurtan! ecc..................... 1 8.38 in , 
: Ecc~~~~~~L-______ j 
;-WolinQ Restdts----
~ 1\C! factored Pressure @Toe........... 3,197.0 psf 
:ACIFactnreUPress•Jre@Heel......... 0.0 pst 
~ Wu:Oeslgn @Toe ...................... ··-····· 4,SS.!f.4 t.-# i Mu:Desian@ He~L........... .......... ..... 11,992.0 f.-# 

; Stern 6-ase ~A. GQVetl"tS HffL ~d 
IQne.Wayfooting Shears_ 
) Shear @Toe (vu). 

"l.COI!~ea. @ Hee, (• .. ) 
~ Allow. tooung Shear {Vf'Jptli) . 

.. ·:.,_. .. _. .. 

6.115 psi 
l~.ll3 p~; 

76.G2S psi 

Select from IBC 2003, USC '97, CBC '02, AASHTO, or "Other" .. When "Other" is 
selected you can enter load factors you choose for a specific design. 

Jt:r. Load Type I Load Factor 

For each type of load (DL, Ll, etc) the default factor will be displayed. You can 
change them and set new defaults, but remember to review them for a new design .. 

NOTE: The above factors apply to Strength Design (concrete stem sections and 
footing} .. For Allowable Strength Design, used for masonry, all factors are set at 1 .. 0 
except earthquake (E) is 1/1 A= 0.71, to convert strength-based E to a service load_ 
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lOADS Tall Verttcalllads 
Additional loads on the wall are entered on these sub-tabs. 

Vertical Leads !Lateral Loads I Seismic Lcad 

·-Surchatges--·----·-------···---·-----------·····-.---c 

J Surcharge a<er Toe . . I - !j Psf / 

j Surcharge Over Heel I 0.00 "!! p!Of i 
!~~~--·-----·----------~~--~-~---- --- --- -- --------
r-Axlalload Applied to Top of Stem------

Axial Dead Loadv. L~ lbs 

Axial Liva Load . ! 0.0 ~ !bs 

Axial Load Ecc . I n.oo j '" 

.-Adjacent Footing Data 
i Adjacent Footing Load . L 0.00 j ItS 

! 

WaD to Ftg CL Oist .. I ooojt. 
footing Width . I 0.!00 jt. 
Base Above!Belaw Soil 

0.00 iln. at Back of Wall . 

Eccentricrty .. l_ 0.00 :jl In 

Footing Type ... I t.ne Load 13 
Poisson's Ratio . I o:m~ 

lb. Surcharge Over Toe 

"-------------------~-----------------·-----·-··-·------·--·-"'-······--· 
,Soli Loading Resulls-(SerYice laodi--------­
! Soil Pressure@ Toe ... 
· Son Pressure @ Heel...... . 

AJiowabte .................. . 
Total e~aringLOad ......................... . 

.•. resullllrrt etc ................... . 
tccenttJCftyot.ri~ middf~ UPs'!_ 

2.715.7 psf 
O.C psi 

3,000.0 psf 

9,03•.9 tbs 
1S 38 in 

··foolinG Results-·-·--·---------·---·------···-----
: ACi Faeroreo Pr~ssure @Toe.......... 3.197.0 psf ' 
'ACI Facrored Pressure @Heel......... D.O psf 
: Mu:Oesign@ Toe.............. 4.BS9.t tr# 
; Mu:OeSii!M @ H&el.............................. 11,992.0 t.:t' 

'One .Way Fooling Shears... 
Shear @Toe (vu) . 8.115 psi 

.. ' 
76.026 psi 

This surcharge is treated as additional soil weight- if the surcharge is 240 psf 
and the density is 120 pcf, then the program uses two feet of additional soil. 
Similarly, if 50 psfsf is added for the weight of a slab over the footing, this will be 
equivalent to 0.41 feet of soil (50 /120). This surcharge will affect sliding 
resistance and active toe pressure. Consider this if modeling a point load toe 
surcharge. 

·---- -·-------------··----·--·--------------------··--·--------
44 

llllj 
j 

IIIli 

1., 

,,, 
IIIII 

Ill!~ 

Iiiii 

• •• 

••• 

••• 



.0 Surcharge Over Heel 

This surcharge is considered uniformly applied to the top surface of the soil over 
the heel. It may be entered whether or not the ground surface is sloped, but it is 
unlikely a surcharge could apply to a sloped backfill. This surcharge is always 
taken as a vertical force. This surcharge is divided by the soil density and 
multiplied by the Active Pressure to create a uniform lateral load applied to the 
wall. You can choose to use this surcharge to resist sliding and overturning by 
clicking the box on the CRITERIA > Options sub-tab. 

ibJ Axial Loads Applied to Top of Stem 

These loads are considered uniform load along the length of the walt. They are 
applied to the top of the topmost stem section and affect the design of masonry 
stems only. The dead and live loads are used to calculate stem design values 
and factored soil reaction pressures used for footing design. Only the dead load 
is used to resist overturning and sliding of the retaining wall. AVOID A HIGH 
AXIAL LOAD (say over 3 kips plf- DL + ll) SINCE IT COULD CAUSE A 
REVERSAL OF BENDING IN THE HEEL. 

16 Axial Load Eccentricity 

This is the eccentricity of the axial toad with respect to the centerline of the 
uppermost stem section. The eccentricity moves the load toward the toe, causing 
bending moments that are additive to those caused by the lateral soil pressure 
over the heel. Negative eccentricities are not accepted. 

ibJ Adjacent Footing Load 

This entry gives you the option of placing a footing (line, strip, or square} 
adjacent and parallel to the back face of the wall, and have its affect on the wall 
included in both the vertical and horizontal forces on the wall and footing. Refer 
to the General Reference Diagram for locations where input measurements 
should be taken. 

For "Line (Strip} Load" the entry is the total load per ft. parallel to the wall (I!Q! 
psf). 
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If the adjacent footing is specified as "Square Footing" (not line load), the load 
entered should be the adjacent footing load divided by its dimension parallel to 
the wall, giving a pounds per lineal foot value. as for a continuous (line) footing. 

A Boussinesq analysis is used to calculate the vertical and lateral pressures 
acting on the stem and footing. The program uses equation ( 11-20a} in Bowles' 
Foundation Analysis and Design, 5th Edition, McGraw-Hill, pages 630. 

Vllhen the Boussinesq analysis is used, the program may require additional 
computing time (hundreds of internal calculations are done after each entry), 
depending upon the speed of your computer. To avoid this delay (which occurs 
any time any entry is changed) we suggest you use a vertical load of zero until 
your data entry is nearly finalized. Then enter the actual footing load and modify 
your final values. 

For adjacent truck or highway loading, it may be preferable to use a heel 
surcharge (uniform} of 250 psf (or more!) instead of treating it as an "adjacent 
footing." 

Do not use this feature if the adjacent footing load is farther from the stem than 
the retained height, less the depth of the adjacent footing below the retained 
height, since at this distance it will not have significant effect on the wall. 

b Footing Width 

Width of the adjacent footing measured perpendicular to the wall. This is 
necessary to create a one-foot long by Width wide area over which the load is 
applied. 

JtJ: Footing Eccentricity 

This entry is provided in case the soil pressure under the adjacent footing is not 
uniform. Enter the eccentricity of the resultant force under the adjacent footing 
from the centerline of the footing. Positive eccentricity is toward the toe, resulting 
in greater pressure at the side of the adjacent footing closest to the stem. The 
program will use the vertical load and eccentricity and create a trapezoidal 
pressure distribution under the adjacent footing for use with the Boussinesq 
analysis of vertical and lateral pressures. 
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~t:;; Wall to Footing Centerline Distance 

This is the distance from the center of the adjacent footing to the back face of the 
stem at the retained height The nearest edge of the footing should be at least a 
foot away from the wall face -otherwise suggest using an equivalent heel 
surcharge instead. Do not use a horizontal distance greater than the vertical 
distance from the top of the footing to the bottom of the adjacent footing, since 
the effect on the wall will be insignificant. 

ibJ Footing Type 

This drop down menu selection allows you to enter either an isolated footing 
using the "Square Footing" selection. or a continuous footing using the "Line 
Load" selection. 

b Base Above/Below Soil at Back of Wall 

• 

Use this entry to locate the bottom of the footing with respect to the Retained 
Height. Entering a negative number places the footing below the soil. A positive 
entry would typically only be used when the soil is sloped and the footing resides 
"uphill''. To insert a negative number, first type the number then press the"-" 
(minus} sign. 

Note: If the "Adjacent Footing" is another retaining wall at a higher elevation, the 
Boussenesq analysis may be used for the vertical load applied to the soil from 
the wall, however the design must also consider the lateral (sliding) loads from 
that adjacent wall. This load could be applied as ''Added Lateral Load~ however 
this is at the discretion of the designer and is not within the scope of the program. 
Caution is urged for this condition. See discussion in the companion book: Basics 
of Retaining Wall Design . 

Poisson's Ratio 

Since the resulting pressures are sensitive to Poisson's Ratio, there is an entry 
allowing you to select a ratio from 0.30 to 0.55. This value should be provided by 
the geotechnical engineer. A value of 0.50 is often assumed. 
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lOADS ----------

Vertical loads Loteralloads !seismic Lclld 

load @stem above soil ..••. 

~ded lateral Load on Stem---;::=:;:~;:::-r 
l Laleral Load . . . . . ...... _ 0.00 !J #1ft 

... Height to To~ .. .. UOO ~ft 

... Height to Bonom. ooo ~11 

T~,g :.,f;!Y,JF, i~!H;;.s:l irtiid ·~ ~r;~ 1i£ctnmi -=-o rr;:;~E~ & \~~:1 
filc~o~ :ntri:'ase- j:.r:;t i~cre:a;;e ~r~e !agd p!t.pcrtiO!'Hit~e!y 

To specify a point load (such as for irnpaci), use a small 
length with top and bortom slightly above and t:elow 
actual location. lncreasa load value so to equal paint load 
over that small length. 

b Load @ Stem Above Soil 

lateral loads 

lconstructmn J Wa!l L.!lad•ng I Diagrams J 

Summ~~ !Resisting J OverlUming I TU! 

~abifily Riolios 
OTM Rallo ........................................ . 

Sliding Rallo ............ .. 

·-Soil loading Resulls-(Se-vice---­
. Soli Pressure @Toe .... 

Soil Pressure@ Heel.. ..................... .. 

Allowable ......................... . 
: Total eearmg Loaa ............................. . 

.. .resunant etc ... . 
tCCenti'K:!I)I oot$1de muldle third 

: ACI Factored Pressure @Toe ......... . 
: 1\CI f ar;tored Pressure@ Heel. ...... . 

_llu Oes•on@ Toe 
~ Mu:Design@ Hael.. .......................... .. 

'Stem 64"" l'olamcnt Gooefr>s llt'a -­
:One-Way fOoting ShearS-

Shear@ Toe (vU) . 

2.-:1.00 
1.420:1.00 

1,715.7 psf 

0.0 psr 
3,000.0 psf 
9,034.9 lbs 

1e.381n 

3_197.0 pst 

0.0 psi 
4,8994 u 

11,9S2.0U 

76.026 psi 

This load (typically a wind load) will be applied to that part of the stem projecting 
above the retained height defined by the entry "Wall height above retained soil." 
It is used to calculate overturning moment and shear. stem design moment and 
shear, and soil pressures. Customary values are 1 0 psf or higher. Only a positive 
"+" value can be entered (i.e., the force may only be applied in a direction to add 
overturning, in the direction of the active soil pressure). 
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llD Added Lateral Load 

This input allows you to specify an additional uniformly distributed lateral load 
applied to the stem. 

This for an impact point load, such as due to an impact of a car or similar force, 
enter the load as a one foot high increment, separating the "Height to Bottom" 
and "Height to Top" by one-half foot (or meter). 

This load is not factored! To apply a load factor (such as for an impact load), 
increase the applied load proportionately (e.g. an impact load of 1000 lbs 
requiring a load factor of 2.0 would be entered as 2,000 lbs). 

A point lateral load can be reduced for the effect of its spreading horizontally at 
levels below the point of application .. 

llD Height to Top 

This dimension defines the upper limit of the added lateral load measured from 
the top of the footing. Do not enter a dimension higher than the top of the wall 
("retained height" plus 'Wall height above retained soil"). 

llD Height to Bottom 

This dimension defines the beginning (or bottom) of the added lateral load 
measured from the top of the footing. 
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lOADS Tabs 

Vertical Loads I U.tural Loads S4fismic Load 

:Seismic la~eral earth p..-e ·-----· 

)'
j Seismic l~eral eartt1 pressure 

Mononobe-OkabeiSeecH'Vhltman r. ~ r No 
l procedure ? 

~ Enter design acceleration factor, Kh 0.300 'tl 
Value of Kae for seismic soli press 1.ll!U 
Value of Ka for static soil press 0.314 

Difference: Kae • M 0.780 
; Total Base Shear Forces. •. 
! Due to Stade Soil Pressure •,239.11bs 
i Added load due to Seismic loadinQ 7,475.21bs 

r··Seismic due to stem self-weight ............................................... , I Add salsmit due to stem se~weigh1? r. Yes r No ! 
, Seismic force factor, FpJWp 

i Total lateral force at base 
~ due to stem self-weight • 

0.200 r 

520.0 lbs 

SeiSDIIc loads 

Overturning 

l'l!£tt lllm!ltt 
Heel ActM! Pressure 4,390.71ts 5.31 It 

Tee A.."live Pressure -73.4 6.78 
Adjacent footing o.o 
Surcharge Over Toe o.o 
lDad C!l Sll!m- SOil 0.0 

AdOed Lslera: Load a .o 
Seismic Lead 7,(752 9.40 
Seismic-Se~welght _---.:;5.;;.;20.;.;...0 8.97 

Totals - 12,312.5 ... 

Overturning Moment 

~ 
23,336.011-* 

70,266.8 
4,666.7 

98,212 311-* 

Resisfing!Owrturnl"ll - 1.759 : 1.00 · I 

You can choose to apply seismic force from either lateral earth pressure or for wall self­
weight, by selecting Yes I No for these options. 

I!Sl Seismic Lateral Earth Pressure 

Entering Yes, then entering kh will activate the calculation of KA£ and KA using the 
Mononobe-Okabe/Seed-Whitman equations if for a yielding wall (cantilevered). If 
it is a non-yielding wall (restrained) the added lateral force per square foot is 
computed using Fw = kh(density)(retained height). in psf. Common kn values 
range from 0.05 to 0.30, depending upon area seismicity. 

Displayed wilt be both the static component soil pressure, and the added seismic. 
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:t:r. Seismic due to Self~Weight 

Entering Yes, then Fp!Wp will apply a uniform seismic force in psf (kh x (wall 
weight). If the wall has multiple stem sections, each will be calculated separately 
and accumulated for the base shear and moment 

NOTE: The kh values entered are the design accelerations (not necessarily peak 
ground acceleration as may be given in a geotechnical report) and must be 
determined per procedures in the applicable code. They are then factored per 
Load Factors (generally 1.0 for concrete and 1/1.4 for masonry (for ASD}. 

The resultant is assumed to act at approximately 0.6 x retained height 

Methodology 

The program computes KAE (coefficient for combined active and earthquake 
forces) per the Coulomb formula, modified by Mononobe-Okabe/Seed-\/Vhitman, 
to account for earthquake loading, where the term 6 is the angle whose tangent 
is the horizontal ground acceleration. (Note that if Kh = 0, 6 = 0, then~= KA}­
Vertical acceleration is neglected, resulting in a more conservative KAE. 

KAE = 

= 

active earth pressure coefficient 

sin2 (tjl +a - e·) 

e' · 2 . ( O' " f1 1) sin (cp + 8) sin (fjl- 6'-!3) 12 

cos Sin a Sin a - -u + , . - . ----'....;._ 
L V s1n (a -.5-8') Sin (a +13) J 

Where e = tan-1 ~.a= wall slope to horiz., $=angled internal friction, 

13 = backfill slope, and .5 ::: wall friction angle. 

For a vertical wall face and 8 assumed to be % , becomes: 

= 
sin2 ($ + 90- 8) 

~ 12 !1+ / sin1.5~ 1sin(~-8-f3) I l V sin (90- %_ - 8) sin (13 + 90) J 
cosO sin (90 - 0 - ~·~ 

The values KAE and KA are displayed. 

Total force (active and earthquake)- PAE = }~ (y) KAE H2 where y =soil density 
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and H = retained height. 
Since the total force consists of two components, static (P A. as previously 
computed for static forces) with triangular distribution and the earthquake (PAE­
P A) with an inverted semi-triangular distribution with an assumed point of 
application at 0.60 x height, the combined (static and EQ) point of application is 
determined by 

- PA(H/3)+(PAE -PA)0.6H 
X= - ' 

PAE 

which is displayed as "Ht to static + EQ point of appl." 

Total base shear for both static force and added seismic force are displayed_ 
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Stem Design Tall CaDblevered Wall Olan-llaneredJ 
---------------------------

The layout of this screen will change depending upon whether you previously chose 
a conventional cantilevered wall, a tapered stem wall (earth side battered), or a 
gravity wall. This screen is for a straight stem non-battered wall. 

:---- :;Stem Design Height Above 
\ eaunm lllateNal f Ccncme 13 \\ ~ <; ~ ~ ft I 
i TI>•tl<ness ~ in ii 2nd :<.:!:! "j;l'ft . 
! Wall Weight 150 00 ps1 i [ Bollom !iiii~Tfijl ! 
j ReborSila iiiTEJ ~: ft ~ 
'RebarSpacingf 16.00 i!n , i ; 

; Rebar Position I Edge f<i'J 
: r Specify 
· Rellar Deptn '<!' 9.563 in 

:: ~~J:~~li 
i ,-Summary----~-, 
Ul-rwio• · un <* l 

2.0000l!!Gi ;:........... 1 

sn.rm.olps; H =~·Pni :::~~~~:;! i 

lJ~Iforce 4,HO.OOI)s 
!~ VU 3B.95psl i! Vn • Phi 76.031l$i 

~ i'i:" s:-z t ="'" ':;fa':-;H 
_, --------~~~ 1-bolEmbedirtofoW 16.«in 

R<ducohooio be<-by tlreu ... ., inrel>o<? r 

ltJJ Material 

Resuhs lconslrutt•on I Wall Loading I Diagrams I 
SummaiY jResisting I Ove~uming I Titl 

,stability Riolicls· 
j On!Ratto .•.. 
i Sli,Mg Rabo ....... . 

2.808 1.00 
1Ji25 :1.00 

-------------~-----· 

,-·Soil Loading Resu~ts-(Sefvea bed·----------. 
· S&~ Pressure @Toe........... 2,715.7 pst · 

Soil Pressure@ HeeL. D.O psi 
AH<>WabiiL .. .. 

: Tcta! Seating Load ....... .. 

3,000.0 psi 
9.034.9 lbs 

18.38 in i ... resur.ant etc ................... .. 
! Eccentrk:il't wAsitle mit!<lie,;thlf::.:;<~,__ __________ ___c 

;Tooling Results­
: AC! f actorea Pressure@ Tae ..... 

'ACI factorsd Pressure @Heel.. .. 
: lllu:Design @Toe ...... . 
; Mu:Design@ Hael. ......................... .. 
; 
; ! Stt:m 6tn.e MQrr.,ent Gooeros HEEl Mwneot 

i One.Waoy fooling Shears •• 
· Snear@ Toe (\'U) . 
She~r@ Heel (vu) 
Allow. Footing snear (lfl'Jphi) 

3,197.0 ~sf 
C.O P<f 

4,BS9.4 rA 
14.990.0 r-4 

7.975 psi 
39.223 psi 
76.026 psi 

Use the drop down menu to select Masonry, Concrete, Fence, or None. Fence is 
only allowed on top of the wall, higher than the Retained Height, and is 
considered weightless. Use None to disable the stem section. 

r6 Thickness 

Use the drop down menu to input the wall thickness. If masonry is chosen, you 
will be given standard masonry thickness (e.g. 6", 8", 12"). If concrete is chosen, 
you can increment in one-inch steps. If Fence had been chosen, this entry is 
unavailable since the fence is assumed to be weightless_ 
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il:IJ Wall Weight 

This displayed value is based upon the wall data entered earlier. The industry 
standard values used by the program may be modified on the CRITERIA > 
Materials Screen. See Appendix C for masonry wall weights. 

b RebarSize 

Make your selection from the pull-down menu for bar sizes #3 to #1 0. "Soft 
Metric" sizes will be displayed in parentheses alongside. 

J!JJ Rebar Position 

Chose between Center and Edge. If Center is chosen, the rebar d distance will 
be 1/2 the actual wall thickness. If Edge is chosen it will be located at the heel 
side of the stem. 

For masonry design, the program contains a table of the appropriate "d" values 
to use for various block sizes and center/edge locations. as shown in the table 
below. These may be modified from the CRITERIA > Material screen. 

Rebar Position Depth for Masonry, Default Values. 

Thickness Rebar Depth (in) 
Center Edge 

6" 2.75" 2.75" 
8" 3.75" 5.25" 

10" 4.75" 7.25" 
12" 5.75" 9.0" 
14" 6.75" 11.0" 
16" 7.75" 13.0" 

For concrete, the "edge" rebar depth is always stem thickness less 1.5" for #5 
and smaller bars (or 2" for #6 or larger), less one-half the bar diameter. You can 
modify the rebar depths on the CRITERIA > Material screen. 

il:IJ Specify Position Box 

Click this box to change the default "d" value. 

Enter f~ for masonry stems to be designed. This value is not visible when a 

concrete wall has been specified. Spin button changes this value in 250 psi 
increments. 

·---- ····---··-·----~~--------
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Enter the allowable steel stress, based on working stress design, which should 
be used for design of the masonry stem section. Spin button changes this value 
in increments, and is not visible when a concrete wall has been specified. 

b ShortTenn 

This is used for masonry design only and UBC '97/CBC '01 is selected. It 
indicates the allowable overstress multiplier (1.33 for wind and seismic; higher for 
impact). Use it with caution if earth pressure contributes significantly to total 
moment and shear since the stress increase may then be unwarranted. 

b Special Inspection 

This is applicable to masonry stems only using the UBC or CBC code. If 

checked, the full allowable f~ used in flexure, shear, and axial stress will be 

used. If not checked, the allowable values will be reduced by one-half if Special 
Inspection provisions are not specified. 

b Solid Grout 

This applies to masonry only, and if this box is checked the weight of the wall will 
be based upon industry standard solid-grout weight for either lightweight, 
medium weight, or normal weight. If this box is not checked, the program will 
calculate the weight based upon grouting of only cells containing reinforcing. 
This also affects equivalent solid thickness for stem shear calculations, and area 
for axial stress calculations (combined with moment for masonry stems). 

Modular Ratio "n" 

This is the multiplier used on f~ to calculate the modulus of elasticity of 

masonry. The 1997 UBC specifies Em = 750 * f~, which is the default value in 

the program. ACI 530-02, Table 5.5.1.3, lists higher values, which result in lower 
"n" values, hence the allowance for the user to modify it by using the CRITERIA 
>Material screen. 

Equivalent Solid Thickness 

If partially grouted (not solid grout) this value is generated from an internal 
database as shown below: 
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Masonry Equivalent Solid Thickness (inches) 

! T:.·-k---f-h--) -~;,>;;:.::: 'i ~~~:::: "'/ 'G;:~fS,pac:~~ <!, ;''/( :~:. /l 
! IC nesstnc e~ ,1 I ~r------ I 

6 . 5.6 I 4.5 4.1 L-3..,...-:--9-t-, _3-::.a:----+----3--,.7,----

10
8 _ J,; 

9
7:6

6 
. 5.8 1 s.2 t--4-':-'.-"-9-f--_4.=---7--+-------'-'4.-":.6--l 

~~-~~~7~.2~-~~--~6~.3~~~5~.9~~~r-~5~.7~-+~-~~~ 
12 i 11.6 8.5 7.5 7.0 6.7 6.5 

-------~~----~--~~~--~~~~~--~~~-+~~--~~~~ 14 J 13.6 9.9 8.7 8.1 7.6 7.4 
16 I 15.6 11.6 10.1 9.5 8.6 1 8.3 I 

llbJ Stem Design Heights 

IMPORTANT! The term "Stem Design Heighf' used In this program is the 
height above the top of the footing (i.e. above the base of the stem). It is the 
height above the bottom of the stem where you want the program to 
compute moments and shears above that height. 

You can divide the stem into up to five sections (increments of height). Each 
increment represents either a different material (concrete, masonry, or fence), 
thickness, or a change in reinforcing size or spacing. 

For most walls, only two or three changes in stem sections are used, for 
example, at the top of the dowels projecting into the stem from the footing and 
perhaps further up the wall where a more economical section is desired. 

llbJ Bottom 

You must start your stem design here, at the base (height above footing = 
0.00), where the stem moment and shear is maximum. As you manipulate the 
bar sizes, spacing, and position (you first, of course, will have selected a wall 
material and trial thickness) until the Summary box shows you an acceptable 
stress ratio (the higher and closer to 1.0, the more efficient). 

To check the wall at a higher Design Height, such as at least the LAP REQ'D IF 
ABOVE distance, where reinforcing or thickness can be reduced, click the Insert 
Stem button and enter the next higher section. Advance the spin button to the 
desired height above the top of the footing or enter it by typing. This will move 
(and dim) the Bottom Section and you can now design this "2r.o .. section. 

-------------------------------·-·------·------- ---
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Continue this way. clicking Insert Stem after each stem section design is 
completed, up to a maximum of five heights. A new Design Height should only be 
entered when you want to change the material. thickness. or reinforcing, and 
should never be less than about two foot intervals. 

Summary - Overall Stress Ratio 

For masonry, this is the computed ratio of fJF a + Mac1ua/M,1;owabie· For concrete it 
is Mac~uarlMallcwable· 

The weight of the stem will be included only if there is added axial load. For 
masonry stems, Fa is calculated by considering the wall as unsupported with 
"K" = 2.0. Since even a very small axial load will activate the unsupported 
height/slenderness calculation for masonry stems, we suggest you do not enter 
an axial load unless it is significant (e.g. greater than, say, 3000 plf.). 

Actual Moment 

This is the maximum moment due to the lateral pressures and applied loads 
above the "Design Height" location entered. Note that when concrete is used, all 
soil pressures and loads are factored per default load Factors for evaluation of 
moments and shears. 

Allowable Moment 

This is the allowable moment capacity, using working stress for masonry and 
ultimate strength for concrete. For masonry, both steel and masonry stresses are 
checked (and half stresses used for no Special Inspection). For concrete strength 
design, and steel percentage is limited to 0.75*rho balanced. 

Total Force 

This is the total lateral force from loads applied above the "Check Design at 
Height" location entered. Note that when concrete is used the forces acting will 
be factored. (Forces applied to compute overturning, sliding, and soil pressure 
are not factored.). 
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Actual Shear 

For masonry, the effective thickness based on the actual "d" distance for the 
moment applied is used, considering partial or full grouting, to determine the unit 
shear produced by the total lateral force of the stem cross section (equivalent 
solid thickness is not used). Half stresses are used for no special inspection. 
Shears are calculated at the "Design height" location entered, not at distance "d" 
above design height. Concrete stems use a distance "d" x 12" for the shear area, 
and masonry stems use "jd" x 12" (with proper calculations for partial grouted 
cells) as the shear area. 

Allowable Shear 

For masonry, this equals {f~" short term increase)*~ with a maximum of 50 psi. 

For concrete, this equals 0.85"2* f~ %. 

Lap Required If Above I Below 

This displays the required lap length if a splice occurs above (or below) the 
Design Height. They are not cumulative, either make the lap above or below the 
Design Height for the minimum distance displayed. 

The laps required above and below will be different if you are changing from 
concrete to masonry, or bar size. 

For concrete stems, a Class 8 lap splice is assumed (see ACI318-02, 12.15}, 
therefore the lap length is the bar development length x 1.3. No reduction for 
stress level is permitted for lap splice lengths. Concrete is assumed to be normal 
weight, and bars not epoxy coated. 

Concrete development lengths are computed per ACI12.2.3, equation (12-1). 

For masonry stems, the development length is set at 48 bar diameter, for 
Fs= 24,000 psi and 40 diameters for Fs = 20,000 psi. No reduction is made for 
stress level. 

Bond stress is not calculated for concrete, since it is incorporated into the 
development length formula. The same is considered tru for masonry where bars 
are embedded in code specified 2000 psi grout. 

Assumes bars are embedded in 2000 psi grout (specified by code} and therefore 
bond is not a significant concern. 
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Bar Embedment into Footing 

For the bottom Design Height only (Ht. = 0.00), this displays the required hook 
bar embedment into the footing. It assumes a bar with a 90° bend and at lest a 
12 diameter extension. This embedment must be at least 6" or 8 bar diameters. 

The minimum footing thickness required is based upon this embedment depth 
plus the clearance you have specified below the bar (usually 3 inches). If this 
totals less than the footing thickness you have chosen, a waming message will 
be displayed. 

Note that if the bar extends straight down into a key, it must go the development 
length, and is not reduced by level of stress. For this condition, refer to the table 
in Appendix B, and multiply by the displayed Stress Level to get the required 
embedment. 

The program does not reduce embedment length by stress level unless the 
Reduce Hook Bar Embedment for Stress Level box is checked. This is a code 
arguable issue. 

--------··-----·--------·----------··------·-------·-----------·---· 
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m1Tu Tapered Stem 
i6J Wall Type 

If tapered (battered) stem is selected, entry and data descriptions are described 
below. Taper can only apply to the inside face (the face against the soil). 

-- I Concrete I fc 3.0000 ~psi 

lhicl<nessTop ~in F~ 60.®0 ~psi 

Basel 18.00l ;$!1n -c:-tl 2.00 :ijin 

Slem Oesl~n. fll Heigh! 112 c !lei!lh! #I o S!em B!H 

HlflbO¥BFDo!ing~ft ~1! 0.0011 

Rebor Depth '<f 1 0 50 in 

i Re~ar SlZe # [}]3 
; Rebar Spae1n; 1 12.00 j!in 

; lifax. Req·d Spacing 18.00 in 

l Mu: ACtual 4,032.2 U 
) Mn'Phi: Allow. 14,221.311·# 

13.001n 1550 in 

llc.D.3 11[}]3 
f 12.00'jjin~in 

18.00 in 6.83 in 
32,257.711-1' 1013.989.311-1' 
5(075.0ft-# 121,800.011-# 

i Status --> > lhml OK S.... OK S.... OK 
i -Rebar Lap Req'd 21.36 in 48.06 in 48.06in 
i Rebar Hook Develop Length into foo!ing 11.13 in 

Shear@ Section 1.899.9 lbs 

Vu : At1Ual 14 gg psi 
Vn'Phi: I<Jicwacle 93.11 psi 

7.555.51bs 

48.43 pSI 
93.11 psi 

16.997.3illo 

91.38psi 
93.11psi 

Redute hook bar embedment by stress le.e! in rebar? r 

JtJJ Material 

Resulrs !constructiOn I Wart Leading I Diagrams I 
SUmmary jResisllng I OIA!rtuming f Till I 
~~~-------------------------
; OTIII RallO... 1.647 : 1.00 
J S!iding fs Restrained by an adjacent sJab 

;-Soil loadinG Results--(5em:elood--------­
SaH Pressure @Toe 
Sail Pressure @Heel... .............. . 

Allowa~le ............................. . 

. Totii Beanng Load ...... . 
~ .. resunr.nt ect: ................... . 

3,598.9 pSf 
0.0 pSf 

7,500.0 pSf 
19.7S7.51DS 

30.99 lro 

~fccemr~~t~~~~~·~-~~--~e~t~~··u~----------~ 

~~~s-------------------------. 
i N:;J F ac!Dred Prossure@ Tee ...•..... 
: ACI F ac!ored Prassure @HeeL... 
i lllu:Deslgn @Toe ..... . 
i lllu:Design@ Heel... ......................... . 

:. Stem Bne Morne1JC GoventJi TO(: t..~.t 

: One-Wayf<loling Shears_ 
: Shear@ Toe (¥u) . . . . . . . 
i Shear @Heel (YUJ 
' Allow. Footing Shear (vl'Jph~ 

3,519.9 psf 
0.0 pSf 

1 (,990.0 ft.# 
14,990.0 11-# 

35.5Jc psi 
66.121 psi 
76.026 psl 

The default will be Concrete, since masonry cannot be tapered. 

JZ:r, Thickness: Top and Base 

Enter the thickness at the bottom of the stem and at the top. 

-~----~---------·---·--------~---~---
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~ fcand Fy 

Enter concrete strength and rebar yield stress. 

~t:;; Rebar Cover 

Select the clearance you want. Against earth or exposed to weather and where 
formed, #5 and smaller bars are 1 Y2" and 2" for #6 and larger (per ACI). 

Stem Design 

You can select two heights above the base to check moments and shears. These 
are identified as "@ Height #2" and "@ Height #1." The latter is the lower, and 
the default height at the base is 0.00 ft. 

~ Ht. Above Footing 

Select the two heights above the footing where rebar will be reduced for 
economy. Height #2 is highest and height at stem base will be fixed at 0.00. The 
#1 height should be at least the lap distance required above the stem top and 
base of the stem. 

Rebar Depth "d''. 

This will be computed based upon the heights you have chosen and the amount 
of wall taper. One-half inch will be automatically added to rebar clearance to 
determine "d". 

~ RebarSize 

Use the drop down menu to select #3 through #10 bar. 

~ Rebar Spacing 

Use the above data as a guide, but you will not be able to enter a spacing greater 
than 18 inches, which is the ACI permitted maximum. 

Max. Allow. Spacing 

This is the maximum permitted spacing, which per ACI is 18 inches. 
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Actual Moment (M,.) 

These are factored (by 1.7) moments at the heights you have selected. 

Compare this value with Allowable Moment, indicated below, to verify adequacy 
of your design at the selected height location. 

Allowable Moment (M, x +) 
This will be based upon the bar sizes and spacings you select. 

Status 

This indicates whether your stem design is OK at the selected height-or at the · 
base-or displays M.., > Phi • Mn or A, < min or As > max. 

Rebar Lap Splice Above I Below 

This is the lap distance required above or below the Design Height. It is the 
development length multiplied by 1.3 (assuming a Class B splice) and without 
adjustment for stress level. 

Rebar Embed Length into Footing 

This is the same as for the Cantilevered (non-tapered) stem, and assumes the 
bar is hooked into the footing with a 90° bend and minimum 12 db bar extension. 

Shear at Section 

This is the total factored shear at the indicated height. 

Actual Shear 

Unfactored shear stress at designated height computed by area = 12 • "d". 

Allowable Shear 

Based upon 0.85 * 2 * (t~ Y~ for concrete. 

------·--·-------~--------------------------
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STEITab GravilJ Wall 
Gravity walls may have one or both sides tapered and are assumed to be proportioned 
such that no reinforcing is required since every section is primarily in compression. Any 
solid homogeneous material may be used. Reinforcing can be added if there is any 
tension in the cross section, but the program does not compute this requirement. 

Although the program only permits straight tapered sides (no crooks), changes in batter 
on either face, or even curved surfaces, can be modeled with reasonably close results. 

Vlewtnput lcrteno I LOods I s:t""' l voo~;-.g I caoc: "''• . 
Nae'! 1'h:s ~ ~ret $Ctlle wen cl".anges. s...-e "Constr..doo" tl!tb. 

Oeao t.oad ~•111 
l.M?Load~ 

Material 

Summary IResisbng I CM:>rtuming l nn 

:-Slabilily RatioS 

! OTli Rafin ..... . 
Sliding Ra1i0 .................................. . 

c-Soillo~ Results-(Ser.i<:e IQed· 

3.317 . ! .00 
1.105: 1.00 

· Soil Pressure @Toe........................... 1 ,168.2 psf 
Soil Pressure @HeeL..................... 331.3 psi 

Allowable............................ 3,500.0 pot 

' Total eeanng Load......... 4.113.5 los 
~ ... resurtant ect................. .... 6.14 in ~ 

·-··-~;~~~~-L ...................... ____ _; 

: ACI facloreo Pressure@ Toe ........ . 
: ACI Fatlored Pre•sure@ HeeL .. . 

: :~g:::;~ ~ ~~~i ~ 
~ ttm:t Utm"Oenl OK mtiny M < Sloft" 

: One-way footing ShearS­
' Shear@ Toe t<ul . 

Shear@ Heel ("~) . 
Allow. Foouna snear (m>'l>M 

1,570.0 psr 
4~5.2 psf 
51;8.9 t.-'1 

1,310.2 ft.# 

3.269 psi 
9.847 psi 

76 016 psi 

This entry displays "Gravity» and is not editable since any homogeneous material 
with compressive capacity can be used. 

·--------·~----------·-------------·-----.. ----·----------
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flJJ Wall Weight 

Enter the weight of the wall material in pcf. Generally this will be the weight of rubble, 
or approximately 145 pcf. 

b Front Batter Distance 

Enter the offset of the top of the wall from the front face at the base. 

b Thickness at Top 

Enter the thickness of the top of the wall. 

flJJ Back Batter Distance 

Enter the offset of the top of the wall from the back face of the base. 

flJJ Applied Load Factor 

Enter the load factor to be applied, 1.6 for concrete, 1.0 for masonry ASD, or other. 

flJJ F'c Max. Compression Allowed 

Enter your criteria. Usually varies from 100 psi to over 700 psi. 

flJJ Ft Max. Tension Allowed 

Enter your criteria. Usually varies from about 15 psi to 40 psi. Generally gravity walls 
are designed such that there is no tension - the full cross section is in compression. 

b Height Above Footing 

You can check stresses in the cross section at two heights above the footing. The 
Height Above Footing at the base will by default be zero. 

Wall Thickness @ Height 

This displays the wall thickness at the heights you have selected for analysis. 

Section Modulus 

This displays the computed section modulus at the heights selected for analysis. 
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Moment@ Height 

This displays the moment at the designated height above the base. 

Vertical Load @ Height 

Summation of the vertical loads above designated height 

Maximum Tension I Compression 

Status 

Interaction formulas displays compression and tension stresses. 

Indicates OK or NG for resulting stresses compared with designated maximums 
allowable. 

Shear @ Section 

Total shear at designated height 

Actual Unit Shear 

Calculated unit shear at designated height. Compare this with the allowable 
shear for the material you have selected. 
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Ste•Tab lestrained Wall 
NOTE: Entries for Criteria similar to cantilevered walls. Recommend "wall height above 

retained soil," not exceed about Y. support height. 

lbJ Wall Type 

If Restrained Stem is selected, you may have a lateral support (such as an 
abutting roof, slab-on-grade over backfill, or tiebacks). The lateral support should 
be near the top of the wall, although some extension of the wall above the 
support is permitted. You have the option of fixing the base (as for a cantilevered 
wall) or assuming it pinned. Intermediate degrees of fixity are not permitted. The 
program will compute moments, shears, and stresses at three locations: base 
(negative moment if fixed; zero moment if pinned). maximum positive moment 
between base and support, and at the point of support. 

Height of Soil over T ae .. .... I c.ooo "!!in 

~ Top Lateral Restraint Height. .. i lD.OOO ~ n 

,soil Values·---~---------, 
; Soil Slope... . .. .......... J 0.00 "ij.,.-]. 1 ' 

Nlow Soil Searing ..................... ! 2.000.0 :tj PSI 

j La1erai Pressure Method.. E.F.P. l3 
i Active Soil Pressure • Hoel Side. ~--~ P~ 
; 

j Actr.e Soil Pres•ure- Toe Side ... ! 
~ Passive PressurE ..... . 

i Soil Weight .. .. . .. .. .. .. .. .. I 11D.OO jl pcf 
·--

r--
S ... ~J .. ,~@>24.~ 

I 
V·lrl 

I •. ~M#<Wi~"~"M 
•r@1t.iri 
@'Too .... ,. 
f!}HHI 
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/b) 

/b) 

h. 

Material 

Select Masonry or Concrete. Onl¥ one material can be used, and must be of 
constant thickness. 

Support Height 

Use the spin buttons (or type the value) for height from base to level of support. 
To check the overall wall height that you had input (retained height plus height 
above soil) just click the CRITERIA tab. 

Thickness 

The Qrogram on I~ germits a constant thickness throughout the height of the wall. 
Use the spin button (or type) the choice for thickness. If Masonry was chosen, 
the drop down menu will give you modular choices. 

Fix Stem @ Base 

Clicking this box will check footing and stem for 100% fixity at base. If 
unchecked, pin condition will be assumed. 

I • 
fm orfc 

Enter choice for masonry or concrete. 

Fs orFy 

Enter choice for masonry or concrete . 

Rebar Cover 

This appears if a concrete stem is chosen and lets you enter desired cover on 
toe and earth side. 

h. Inspection 

This is applicable to masonry stems only using UBC or CBC code. If checked, 

the full allowable f~ used in flexure, shear, and axial stress will be used. If not 

checked, the allowable values will be reduced by one-half. The UBC and CBC 
codes require this reduction if Special Inspection is not specified. 

------···-----------·-····-··-----------··--···--------------
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lb. Solid Grout 

This applies to masonry only, and if this box is checked the weight of the wall will 
be based upon industry standard solid-grout weight for either lightweight, 
medium weight, or normal weight. If this box is not checked, the program will 
calculate the weight based upon grouting of only cells containing reinforcing. This 
also affects equivalent solid thickness for stem shear calculations 

lb. Short Tenn 

This is used for masonry design only, and indicates the allowable overstress 
multiplier (1.33 for wind and seismic}.lt should only be used when wind or 
seismic induced stresses comprise most of the total stress (i.e. earth pressure is 
insignificant). For a concrete wall this does not apply since strength design is 
used, and this entry should be 1.0. 

Stem Design 

This allows you to design or check wall moment and shear at three locations: @ 
Top Support,@ Mmax Between Ends, and@ Stem Base. If base is pinned, the 
entries under@ Stem Base will be zero or dimmed. 

Ht Above Footing 

This displays, from left to right, the distance up to lateral support, height to point 
of maximum positive moment, and at the base of the stem. 

Rebar Depth "d" 

From the thickness and center/edge condition, the program determines the d" to 
be used for design (using internal tables and default modifications). See Rebar 
Position, above. For concrete, the program automatically adds to cover chosen 
one-inch allowance for one-half bar diameter, for determining "d" to be used. 

Ia Rebar Size 

Select from the drop-down menu. 

b Rebar Location 

Click the button for Center or Edge. 

lb. Rebar Spacing 

Enter your trial choice, or for masonry, select from the drop-down menu. 
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Actual Moment 

This will show moments at the indicated locations with(+) and(-) as applicable_ 
For concrete the moments will be factored by 1.7 _ 

Allowable Moment 

This will be calculated based upon the data you have entered. For concrete, it 
will be based upon strength design (factored by 1.7). 

Status 

This indicates whether your stem design is OK at the selected height-<>r at the 
base-or displays Mu > Phi * Mn or A. < min or As > max. 

Rebar Lap Req'd Above I Below 

For masonry, the lap required is 48 bar diameters for Fs = 24,000 psi and 
40 diameters for Fs = 20,000 psi. 

For concrete. a Class B splice is assumed, which multiplies the development 
length by 1.3 (See ACI 12.15.2), and excludes reduction for stress leveL 

Note: The program does not compute or display bar cut-off points, which must be 
done manually, or extend positive reinforcing so it is acceptable. 

Shear at Section 

This is the total shear at the indicated height (factored for concrete). 

Actual Shear 

Unit shear stress at designated height computed by area= 12 * "d". 

Allowable Shear 

Based upon 0.85 * 2 * (( Y~ for concrete and (t~ y-~ for masonry, reduced one­

half for no special inspection per UBC/CBC, and not to exceed 50 psi. 

See Methodology, for further discussion of restrained waifs. 
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FoadngTall flldDI Di•IISIIIIS ----
This is the screen where you design the footing, by manipulating the heel and toe 
widths so the actual soil pressure is less than allowable, or you can use the 
Automatic Footing Design button (described below) to size the footing. This screen 
also gives you choices for toe and heel reinforcing, or indicates if it is theoretically not 
required. It also suggests key reinforcing, if applicable. 

Footing Oimengions !Key Dimen•ions & Slid1ng 

("""Footing Size----! l't..... z.ooa.o jlp$l 
t ToeWidlh_ ... C"f"ciD}]n j 
! HeeiV'Ildlh. 1 5500 j n i Fy ..... I so.ooao jpsi 

! Rebar cowFr.;;.·· ---.,:-=--;;; 
1 In Heel I 2.00 j in 

! In Toe I 100 "jjm 

j ra~aa-- 7.50 n 
i Thlckness .•. j 20.00 j In 

l MinAs Rlllio ~ 
Rota-@ !llom a- :Ill@ 11i.OOO. 

I'-M # c:z:=:B 
-@~in 

Hoei_R . r:#:-:-4@=5.:::50:-::,.,-. 1:;5@-:;10;:-:W;:;:-::in~.IS@!=-:ct4;-:;.00:::--J:u.e I c::rJ3 
cp:lOn$- n.nc 19.25 in.IS@ 25.25 in.l90 """@ []!00] in 

ft.JJ Toe Width 

lconstructron I Walt Lcadingj Diagrams I 
Summ"ry !Re•IS!ina I O>ertumina Inn l 
~~~---------------------~ 

OTM Rabo ...•..•...........••...•......•........ 

Sliding Rallo ............. . 
2.808. 1.00 

1.625. 1.00 

,-Sol Loading Results ··--(Siorvice loold--------·--··-·--------------. 
So" f'ressure @Toe..... 2,715.7 pst · 
SoH Pressure @Heel...... D.O psf 

1\flowable.......... . 3,00G.G psf 

i Total eea~~~.~g;~iei'i~·.:· . 
8:Ce:tlflcltt OUlsi<le mido!le third 

i ACI fit!Dl'OC Pre$SUte @Toe ... 
! ACI Factored Pressure@ Heel.. 
\Mu:Oeslgn @Toe .... 
j Mu:Oesig.~@ HeeL ......... 

! Stern: hseo MatrJCil!C (i.o1$effl'*. HfE1.. Momenl 

'One-~ Footing Shears-
: Shear @Toe (vii) .. . .. .. .. .... 
: Shear@ Heel t<'J) .. .. .. .. . .. 
: Alfow. F oobng Shear (frlfllh~ . 

9,03 •. 910£ 
1S.38 11\ 

3,197.0 psf 

c.o psf 
4,889.4 1\4 

14 .sec .o r.;r 

7.976 psi 
39.213 psi 
78.025 psi 

This is the width of the Toe of the footing, and is measured from the front edge of 
the footing to the front face of the stem. Can be set to 0.00 for a property line 
condition. All overturning and resisting moments are taken about the bottom-front 
edge of the toe. 
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ttr. Heel Width 

Distance from front face of stem to back of heel projection. If a dimension is 
entered that is less than the stem width at the base, the program will 
automatically reset the heel dimension to at least the stem width. For a property 
line at the rear face of the stem, this dimension would be the stem width. 

Total Footing Width 

The calculated width of the footing, Toe Width + Heel Width. 

ttr. Footing Thickness 

Total footing thickness, NOT including the key depth (if used). For bending and 
shear design of the footing, the rebar depth "d" is taken as Footing Depth - Rebar 
Cover- Yi'' (to account for the rebar radius). If footing thickness is inadequate for 
shear capacity a red warning indicator will appear. 

The footing thickness must be greater than the rebar embedment length required 
for the bottom stem reinforcing + rebar cover. If you enter a dimension less than 
required for stem bar embedment, a red message will appear at the top of the 
screen. The program adds the calculated hooked bar embedment from the 
STEM screen and adds it to the rebar cover you have chosen for the bottom of 
the footing (usually 3"). This will trigger the red warning. If inadequate thickness, 
increase the thickness, or change the stem dowels, until this message 
disappears. 

Center Stem on Footing 

Clicking this bar will adjust the toe and heel widths you have entered so stem is 
centered on the footing but overall width remains the same. 

Enter concrete compressive stress for footing. 

Allowable rebar yields stress to be used for design of footing bending 
reinforcement. 
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ft:J Rebar Cover in Heetrroe 

Distance from the face of concrete to edge of rebar. The program will add 1/2" to 
this value and subtract the result from the footing thickness to determine the 
bending "d" distance. 

tb; Minimum A. Rebar Ratio 

Enter the absolute minimum steel percentage to be used to calculate rebar 
spacing requirements (commonly 0.0018 Ag for Fy=60,000 psi, but code 
applicability for footings is arguable}. If the% steel required by stress analysis is 
less that 200/Fy. the minimum of (200/Fy -or- 1.333" bending percentage 
required) is calculated and compared with the Minimum A..% entered here. and 
the greater of the two used to calculate rebar spacing requirements. 

Rebar at Stem Base 

This is a reminder of the size and spacing of the bottom stem reinforcing, to 
make it easier for you to select toe reinforcing to match (toe reinforcing is usually 
the bottom stem dowel bars bent toward the toe). 

Toe Reinforcing Options 

This list gives you choices for reinforcing sizes and spacing for the bottom toe 
bars. Typically the toe bars are extensions of the stem dowels, which are bent 
out toward the toe. Therefore, you will probably want only to verify that the stem 
dowel bar size and spacing do not exceed the selections offered. 

NOTE: If "No reinf req'd" message appears, it means the flexural capacity of the 
footing (modulus of rupture times the section modulus, with 2" deducted from the 
thickness for crack allowance per code} is adequate to resist the applied 
moment. However, the designer in some cases may consider it prudent to add 
reinforcing regardless of the theoretical flexural capacity. 

Heel Reinforcing Options 

This list gives you choices for acceptable sizes and spacing of top heel bars. It is 
desirable to select a spacing that is modular with the stem dowel bars for ease of 
construction. Note: The program does not calculate the heel bar development 
length inward from the back face of the stem {where the moment is maximum). 
You can refer to Appendix B for development lengths in concrete, which can be 
adjusted for the stress level in the heel bars. When detailing footing reinforcing it 
is important to consider and specify development lengths for both toe and heel 
bars. 

--------------·-----------------------------··--------
72 

'"Ill 

'"'' 

• ••• 

••• 

••t 
.... ~ 

.. .. 

• •• 

.... 

.... 

.... 

.... 



j"' t 

... 

.. 

.. 

NOTE: If "No reinf req'd" message appears, it means the flexural capacity of the 
footing (modulus of rupture times the section modulus, with 2ff deducted from the 
thickness for crack allowance per code) is adequate to resist the applied 
moment. However, the designer in some cases may consider it prudent to add 
reinforcing regardless of the theoretical flexural capacity. 

Rebar Selections 

Use these three entries to pick your toe, heel, and if applicable, key reinforcing. 
The "Max @" message tells you the maximum spacing allowed for the bar 
selected. Since the dowels into the stem are usually bent toward the toe, a 
reminder is displayed for the bar size and spacing used for the stem dowels. 

Footing Width Automatic Design 

Clicking this button will cause the program to iterate footing widths until the soil 
pressure, overturning stability, and sliding stability ratios are acceptable. You can 
select either a fixed toe or heel distance, or balance the toe and heel dimensions. 
You can also select whether the resultant must be within the middle third of the 
footing. After clicking "Design," the widths required will be displayed. 

Automatic footing design is not available for Restrained Walls . 
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Foaling Tall lev DlllaiiSID• and Slldi• ---------------------------
This screen tells you whether passive soil resistance plus friction resistance is 
adequate to resist sliding with at least a 1.5 safety factor. If inadequate, you can 
design a key. If a key is used, the previous footing screen will check whether 
reinforcing is required by first checking the plain concrete flexural capacity (for 
computing section modulus, 2" is deducted from the key width per Code}. If the 
key depth to width ratio is less than about 2:1, it's usually adequate. 

Footing Dimensions Kay Dimensions & Sliding 
r·Key Dimei>SlOn$·-·----------------------------, 

\ KeyDepln .. j iajtn KevWldlh ..... [ 121m jjin ( 

: Keyl.Ototion! 2.000 j11 fromfrontt>ftoe ~wiSlen> Ji 

SOil ovortoe to r.e~le<:lfor sliding resistance .. j 12.0CKJ {j 1n 

Sliding Resistance Method... . .. -~ 

FoatingiSoll Fridlon factor .. 

i.~~~~~~-u--~-·--~--------·----··-··-----·-·-•····•••·••••·-~·--~•·••-·•·•~•·•--' 

I,_ .. ' : . .-SikinDFai:tonlfSafeiy~.->·.' 1.625:1.00 ·. · .. ·.-j 

16 Key Depth 

Summar, !Resisting 

r-Stabifii!IRatios 
! OTIII Ratio ...................................... .. 
i Sliding Ratio ................ .. 

2.8011 . , .00 

1.625:1.00 

,.-Sol Loading Results--(SerW:e IOed-----------
SoD Pressure@ Toe ........... . 
Soli Pressure @Heel .... .. 

Allowable ................. . 
; Tutal Bearing toad ... 
· ... resultant e~c: ..... 

2.715 1 psf 
C.O psf 

3,000.0 psf 

9.03~.91bs 
18.38 in 

'--~~~~~M~oc~~~rna~~~~~~e~~~d~------------· 

~~-------------------------
: ACI FaC!Ored Pressure@ Tee ........ .. 
i ACI Fattnred Pressure@ Heel 

: Mu:Design @Toe ............................. .. 
i Mu:Des<gn@ Heel ................. .. 

~ Stem Dase ~ Go9efns Hll:L MQITh"l'fff 

l One-WllyFootlng Shears... 
; S~aar @Toe (vu)... .. .. . 
! S~e<~r@ Heel (>lu) ...... . 
j Mow. fOOting Shear~ph~ 

3,197.0 psf 

G.O pst 
4,889.4 11-ll' 
14.990.0~ 

7.97& psi 
33223 psi 
76.026 psi 

Depth of the key below the bottom of footing. The bottom of the key is used as 
the lower horizontal plane for determining the size of the passive pressure block 
from the soil in front of the footing. Adjust this depth so the sliding safety factor is 
acceptable, but not less than 1.5. A depth greater than three feet or one-half the 
footing width is not recommended. 
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tbJ 

I6J 

tbJ 

tbJ 

Key Width 

Wtdth of the key, measured along the same direction as the footing width. This is 
usually 12"-14", but generally not less than one-half the key depth so flexural 
stress in the key is usually adequate. 

Key Location 

Enter the distance from the front edge of the toe to the beginning of the key. Do 
not enter a distance greater than the footing width minus key width. 

Align with Stem 

Click this button to set front edge of key aligned with front of stem. If the key is 
then made the same width as the stem, the stem bars could extend down into the 
key to achieve development. 

Soil Over Toe to Neglect for Sliding Resistance 

Since the soil over the toe of the footing is usually loose and uncompacted, it 
may have little or no passive resistance. This entry gives you the option of 
neglecting any or all of the Height of Soil Over Toe that you had entered in the 
CRITERIA screen. You can neglect the soil over toe plus the footing thickness, if 
desired. 

Footing/Soil Friction Factor 

Enter this friction factor here, which is generally provided by the geotechnical 
engineer. It usually varies from 0.25 to 0.45. 

% Passive Usable for Sliding Resistance 

This may be a stated restriction in the geotechnical report. Enter a value from 
zero to 1 00%. 

tbJ % Friction Usable for Sliding Resistance 

This may be a stated restriction in the geotechnical report. Enter a value from 
zero to 1 00%. 

lateral Pressure @ Base of Footing 

This is the total lateral force against the stem and footing which causes the wall 
to slide and which must be resisted. It is the total active pressure on the heel side 
less the active pressure on the toe side. The latter will be excluded if you choose 
to delete it on the OPTIONS screen. 
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Less Passive Pressure Force 

This uses the allowable passive pressure in pcf and the available depth (soil 
above toe less height to neglect plus footing thickness) to compute the total 
passive resistance, again multiplied by the percent usable you selected. Weight 
due to toe surcharge, if applicable, will also be added. If a key is used, the 
available passive pressure depth will be to the bottom of the key. 

Less Friction Force 

This is the total vertical reaction multiplied by the friction factor, again multiplied 
by the percent usable you selected 

Added Resisting Force Required 

If this is 0.0 lbs., the forces balance, but there may be no safety factor. Watch the 
Sliding Factor of Safety for an adequate value (usually 1.5}. Add a key as 
required. 

Added Resisting Force Required for 1.5:1 Safety Factor 

This is the additional force required to be resisted by a key to achieve a 1.5 
safety factor. If zero, no key is required. 

Key Reinforcing 

If flexural tension is insufficient to resist bending in key, a message will appear 
indicating reinforcing required. You can vary the width of the key until the 
message disappears. Or you can manually calculate reinforcing required. 
Also see Methodology. 

Sliding Factor of Safety 

This gives you the ratio of passive and friction resistance to the total lateral force. 
This should be at least 1.5. 

NOTE: If lateral restraint is provided by an abutting floor slab {by checking the box 
on the CRITERIA > OPTIONS screen), the sliding factor of safety displays 
will be deleted, but the "Lateral Force @ Base of Footing" will be displayed 
for checking restraint adequacy of the slab. 
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Restrained wau StabftilV ----------· -~----
For Restrained Walls the STABILITY screen will appear differently, summarizing the 
conditions you have set regarding base fixity and base lateral restraint. 

General Dala !Material Data I Options I Load Factors I 
~g~=i~:~· ;;;~~::-.-:-.-~~:-:·:~ ~-:-~- ·-·~-~--;;;-;)-;-· ------1 
: Wa~';::~:~ ~~c:e------- .. .. .... I 7_~ 1J ft I 
j Height of Soil OYer Toe... . .. . ... I 0. tnl jl in I 
i J 

L~~P Lateral ~_e~::~~-~~~ht . . . . . . . I ___ l~~ .. !J_n ________ j 
,-Soil Values---------------------, 
! . ' i Soil S>epe ........................ j 1100 11.:J: 
i Allow Soil Bearing...... 2Wl0 ~ psr 
i 
j Laler>l Pmssure Method.. . .. . I U.P. (3 
[ Active Soil Pressure • Heel Side .. I 30.00 ~ psun 

j Active Soil Pressure· Toe Sid• ... I 30.00 jl pslill 
I 
i Passive Pressure..... .. ........ I 250.00 jl psml 

j Sod Weight. .. ...... ( 110.00 <$1 pet 
L--·-----·*·---~·------~------~~-__, 

SUmmary S1ablli1Y I 

Reaction Force at Top Rl!slrlllnl 248.4 lbs 

Forces adlnQ on footinQ fo< ..-.g & soil pressure 

stem &'llear@Top orFooflng 
Heel Active Pressure 

Sliding Force 

-550.11bs 
-195.0 
745.11bs 

l- &lllolnflnt SU!nma!y For Footing : FM SOl Pressure C3lcs 
lotlmerl(l: lopo!FO<iln!:~tomSII!m -732.3 t~:l' 

Surcharge Over He: 
Adj. Footing. Load 
Axial LOad on Stl!n-
SoH OYer Toe 
Surth:arge over To 
Stl!m Weight 
Soil OYer Heei 
Foating Welght 

144.0 

1,039.7 
757 8 
450.0 

0.92 

1.50 
2.42 
1.50 

132.5 

1,563.1 
1,856.8 

6750 
Tot.,Verti<otfO<<e• 2,•015 ibsHel\.loonent • 3,495.0114 

tl.omen1 used rorSoi! Pressure Calt = 187..3 ft-'11 

.':.·.··. 

A banner will display whether a slab is present to resist base sliding (box 
checked on CRITERIA > OPTIONS screen) and whether fixed or pinned at base, 
as previously selected on the STEM screen . 

The reaction at the top restraint will be displayed. 

The Sliding forces will be displayed, and indicate counteracting active pressure 
on toe side, if this option was selected on the Options screen. 
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For analyzing the stem, if it is assumed "pinned" at the bottom (checkbox choice 
is made on the Stem screen), and a slab is not present to resist sliding, then the 
theoretical overturning of the footing due to the reaction at the base of the stem, 
is the reaction at the bottom of the stem times the depth of the footing. In actual 
practice the footing will be constructed integrally with the stem (not a true "pin") 
therefore the displayed "moment at top of footing applied from stem· (shown on 
Stability tab) will be compared to the moment capadty at the stem base (shown 
on Stem screen} and an overstress shown if the stem base moment capacity is 
inadequate. 

If slab restraint is provided, the moment applied to the footing is the total vertical 
load times its eccentridty from the center of the footing. This moment is 
displayed (Stability screen) and used to compute soil pressure. The moment 
capacity at the stem-footing interface (shown on Stem screen) must exceed the 
moment applied to the footing 
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Results Tall 
This screen summarizes the footing/soil bearing results obtained from previous 
screens, including a message whether the resultant is within or outside the 
middle third of the footing. This is not an input screen. It's strictly for your review. 

General Oat~ !Material Data [Options I Load Factors I 
Ret•ined Height ......................... I 
WaU height above...... . ... I 

retained soil . 

Height of Soil overT oe.. .. ..... I 
Waterlable height over heel. . .. j 

10.000 ~ r. 

o.IJOO §! n 

12.IJOO "¢!in 

0.000!! r. 

;-Sell Values-----------
; Soil Sicpe.. .. ....... r-1 ---=z:-::oo;;-:113'"'•.,.. .. : 1 

! Allow Sci! Bearing .................... [ 3.[JJ).Q ~ P'lf 

~ Lateral Pressure Method ............ CTfTJ:) 
i Active Soil Pressure • Heel Side .. J 4!i00 ~ ps1i'll 

( Active Soil Pres.ure • Toe Side ... I :lC.OO :;1 pstm 
j 

; Pa:ssNE Pressure.... . .... j 385.00 ff ps'Cft 

f Soil Weight. . .. .... l 1Hl00 ~ pcf 

Stability Ratios 

j 
I 

j 

Flesutls lconslructior.j WaO Lllading I Diagrams I 
Summary jRe>lstin!l I OVenuming j Tin J 

;-st.~-
OTI<I Rallo ........... . 
Sild1n; Ratio 

Ul08 '1.00 
1.625:1.00 

--------------------~ 

.-Soil leading Results----~ lood·-·---·-------·--------........ , 
' $Qil Pressure@ Tee........................... 2}15.1 pst ' 

Soil Pressure @Heel......................... 0.0 psf 
AJI~t»e........................... 3,00C.G psf 

: Total aea_"~ls~~~iei:t: :: : : : 9,034.9IOS 
18.39 in 

:___!~~!t)l~'!.~-~-li_>l!.? _______ _ 

~Resul:s------

L-'CI Factored Pressure @Toe ... 
; AC! f ac1llre~ Pressure @ Heel.. 
i Mu:Oesign@ Toe .... 
: Mu:Destgn@ HeeL ........... .. 

i Sl""' - .. Moment Goo<efr1411tf.I. Momenl 

i One-W. Fooling Shears... 
; Soear@Toe (vu) ........ 
i Shear@ Heel (Vu) . 
! !lllow. F oollna Shear (Ynfpn~ .. 

3,197.0 psf 
G.O ps! 

4,889.4 1!-# 
14,990.0 1!4' 

7.976 psi 
39.223 PSI 
7&.025 psi 

These are displayed for both overturning and sliding. 

Soil Pressure @Toe and Heel 

This is the resulting unfactored soil pressure for both the toe and heel. If the 
eccentricity is outside the middle third, the heel pressure will show 0.00. (Note: 
when the resultant is outside the middle-third, the program calculates the toe 
pressure assuming no "tension" at heel). 

------------------· 
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Allowable Soil Pressure 

This is for your reference as input on the Criteria input Screen 

Total Bearing Load 

This is the sum of all vertical forces. 

Resultant Eccentricity 

Distance from center of footing to resultant soil pressure. 

Eccentricity Within/Outside Middle Third 

The resultant is outside the middle third of the footing width if the eccentricity is 
greater than one-sixth the footing width. (If outside the middle third, the program 
computes the toe soil pressure assuming no "tension" at heel.) 

ACI Factored Soil Pressure @Toe and Heel 

ACI or AASHTO load factors are applied to all dead and live loads to determine 
total vertical load for soil pressure used in calculating footing moments and 
shears. This load is then applied at the same eccentricity calculated for service 
load soil pressures to yield the actual factored soil pressures for footing design 
using ultimate strength design principles. Note that since only factored vertical 
loads are applied at the non-factored resultant eccentricity, a true 1.6 load factor 
applied to lateral earth pressure is not used for footing design. If resultant vertical 
load eccentricity were to be calculated using factored loads, the distance would 
not truly represent a correct state of stress in the soil. ACI load factors are 
intended to give conservative results for stress. Calculation of a factored load 
eccentricity would give soil pressure diagrams that would not always represent 
the actual soil pressure distribution under the footing, and yield unreasonable 
results. Factored lateral earth pressure, however, is always used for concrete 
stem design. 

Mu Design@ Toe/Heel 

These are the factored (by 1.2} moments at face of stem for toe and heel 
moments. Since neither can be greater than the stem base moment (factored if 
concrete stem), the latter may govern. These moments will be reduced if you 
choose to neglect the upward soil pressure on the Criteria> Options tab. 

A message will indicate which controls. 

-------·-----------------·------· 
80 

oilul 

.. .. 

••• 

.... 

,,, 

.... 

••• 

""' 

'"Ill 

... 

•• 

... 



> .... ,, 

,, . 

•• 

Shear@ Toe and Heel 

The actual shear is calculated from the one-way action in the footing at a 
distance "d" (footing thickness - rebar cover) from the toe side of the bottom stem 
section, and at the face of the stem on the heel side. If "d" is greater than the 
projecting toe or heel length, then the one-way shear is zero. 

Allowable Footing Shear 

The allowable unit shear equals (0.85 * 2 • f~ '1. 

Stability ratios are re-dlspfayed. 
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lesultSTaiJ leslstlnu lo•eats 
This screen presents in tabular form each component contributing to resisting 
moment, giving weights and lever arms from the front edge of the toe to the centroid 
of the weight. 

General Data jMateriat Datal Oplior.sl Load Factors I 
Retained Height... ................... 1 
Wall height ab~M 

retained soil 

Height of Soil cro-er Toe....... . .. . .. l 
Waier table heoght ewer heeL. I 

,.-Soli Values­

] Soil Slope ... I 
! All!l'W Soil Bearing....... .. ... .. . . . .. . I 

111000 jft 

o.ooo !jn 

12.000 'titn 
o.ooo !)n 

200 full 
3.000.0 :tJ psf 

; Lateral Pressure Method ............. [E~ 

l Active Soil Pressure- Heel Side .. [==;i5~oo!j Rsl11\ 

1 Active Soil Pressure- Toe Side .... [ 

~ PassM Pressure ........ . 

j Soil Weight ..... 

31100 jpsfltl 

38900 !l psl11\ 

110.00 !J Ptf 

Jl;Dnstruchon l Wall Loading I Diagrams j 
Summary Resisbng 

Rast.ting Moments 
Sol ower 1ft! 
Sklped Sol Over Heel 
lUthat!lB CM1r He6l 
~Foolni:li.Dad 
AJ;iliJ Dead !md or. sen 
soe over 1"" 
Bll'Cha'qo; over Toe 
Slem~) 
Eartllll) SIBm Trauilans 
Fcdl'q~ 

Kev-.tt 
Vert.~· 
TOilll \lef1lcall-

j Ove:tumin; I Tilt I 
!'!Ira. llim!g tll!!!ntm 
4,95D.Oibs 5.2511 25,987.5 ft·l 

551i.9 6.00 3,341.3 
C.O 
G.O 
0.0 

220.0 
0.0 

1,\11.1! 
171.2 

1,875.0 
150.0 

2,178.7 

1.00 

2.45 
2.83 
3.75 
2.50 
7.50 

11,21J.filbs 

ResisUI1gMoment 

220.0 

2,71B.T 
485.2 

7,031.3 
315.0 

16,340.2 

56,499.1fo4 

I· : · ·: Resisdngt0ver1uf'nlng : · · 2.808 : 1.00 . l 
"EfPmelhadused. To-evortiall~.w>gloot 
R!malttti<Jn is baek-S<M!d ~ EFP m P.aldne 81JJ3ion. • l3B!Ideg 

r--These valUes are used for SGil pressure calctA!i<lns--, 
! Force • 9,034.9 bs Moment • 41.l.15S! W . 
'---···--·------·-------

Resisting/Overturning ratio is displayed. 

For calculating the vertical component, if checked on the OPTIONS screen, and 
if the EFP method was chosen, the program will back-solve using the Rankine 
formula to obtain an equivalent internal friction angle. 

The force and moment displayed at the bottom accounts for deduction of effect of 
vertical component, if box on CRITERIA> OPTIONS box has been checked. 

--·--------·-·-·-----· .. -·--------·-·----.. --·-----.. ----·- ------
82 

!Ill!! 

111111 

"''I 
•41!11 

'IIIII 

••• 
... 
.... 

'"' 

• •• 

1118 

... 

.... 

••• 



,. 

DverlllrniBU II•IIIIS Besunstab 
---------------·~------

This screen presents in tabular form each component acting horizontally to 
overturn the wall/footing system. The centroid of each force is multiplied by its 
distance up from the bottom of the footing. The Heel Active Pressure includes the 
effect of surcharges and water table, if applicable, and its Distance is to the 
centroid of the total lateral force. 

Gene~! Data I Material Oat a !Options I Load Factors I 
Retained Height. 

Wall height ab011e .. 
retained £oil 

......... ! 
.. ! 

Height of Soil over Toe ............. ! 
Water table height over heeL. 

1!1000 ~n 

o.ooo f,n 

12.000 :tJ;n 
ClDl ~ll 

;-Soil Val11n----------------, 

f Soil Slope. . . ................. .... .. .. i 2.00 ft3 i 
i 
; Allow Soil Bearing ...... 3.000.0 ~ ps! 

! Lateral Pressure Method . . ..... I E .F.P. H'J 
! Active Soil Pressure . Heel Side .. 

: Active Soil Pressure- Toe Side ... 

! Passive Pressure.. .. I 

45.00 f, ps1lft 

3000 j ps!Jn 

lil&OO ~ pslm 

Summarrl Resisting 

Owrtummo Momenls 

Heet Mlive Pressure 
Toe A<:tive Pressure 
A!:ljacent F oOiing 

Surcharge Over Toe 
l.Oild@Siem.l\b()JeSoil 

Overturning 

!'!>!.£!! l!!l!!!!lSt ~ 
~.357.71bs 4.64ft 20,2U.711-# 

·106.7 0.89 -94.6 
0.0 

0.0 

0.0 

A!:lded Lateral Laad 0.0 

•'.C 
Sf:;~.-::•t·SH:w~;;r.l ___ o.;....o 

Totals• 4,251.0l>t 

Overturning Moment 10,119.9 f'r#' 

·• ResiWniJ!Overtumlng ;.;;.:· · ·. · · · · 2.808': 1il0 .• · • I 

The total overturning moment is displayed, and the Resisting/Overturning ratio. 
The overturning moment is reduced by the toe side active pressure. if this option 
is selected on the Options screen. 
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Wall DR ---------------
This computes the rotation of the wall due to compression of the soil under the 
toe. 

General Oata !Material Oat a I Options I Load factors I 
Retained Heigh1... .................... 1 lO.OOC :tift 
Wall height above ...................... I O.fm !'n 

ralained soil . I!! 

Height o! Soil aver Toe ......... I 121m jj In 

Water tab!~ height over heel. ...... l llOOC jj ft 

rSoiiValues-------------; 

) Soil Slope ... . l 200 :jfrj: 1 

! Allow Soil Bearing... I 3.1XD.O jj psf 

Lataral Pressure Method.... . .. I E.F.P. liiJ 
AdM! Sod Pressure • Heel Side .. j 
ActM! Soli Pressure • Toe Side .... j 

! Passive Pressure ....................... I 
; Soil Weight.. ..................... [ 

45.00 jjPs11t! 

30.00 iJ ps11t! 

JllSOO :iJ ps11t! 

11000 jlptf 

Summary I Resisting 

Horizonlal Do!lleCtion Ill Top or Wall dUll to-or soil 
~ d..o 10 -l:londWlg nat <:onoiden:d) 

Sari 5;lring ReatliOn Modulus 

Hori2ont~! Deft @Top of Walt 

-"flpci 
ll101in 

You must enter the modulus of subgrade reaction (determined by the 
geotechnical engineer). The program divides the soil bearing stress in psi by the 
soil modulus (psi/inch) to obtain A. Then, assuming the wall and footing rigid, the 

out-of-plane tilt at top = Arw , where H = overall height of wall and footing, and 

W is width of footing. 

Note: This is approximate due to variation in soil pressure under the footing, and 
does not include deflection of the stem due to lateral earth pressures. (The latter 
is usually less than the ''tilt" deflection, and if desired, must be done by hand 
calculation, requiring investigation of cracked and uncracked moments of inertia.) 
To mobilize the soil wedge, deflection at top is often considered 0.005 x Htota: 

-------·----------···-------------
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CONSTIUCDON Tab 
This graphics screen displays a construction drawing showing the pertinent 
construction data for the wall as you have entered it. It can be printed, copied to 
the Windows clipboard, or a DXF file can be generated for importing to your CAD 
software. This graphic is not editable and is intended as a check of your input. 
We do not recommend printing and editing it {by hand) for an actual construction 
drawing. Instead, use the DXF to CAD feature. 

General Data J Mal erial Datal Oplior.sl Lllad Factors I 
Retained Height... ...................... j 
Wall heigh! above.. . ..... I 

relained soil . 

Heigh! of Soil over Toe... I 
Water table heigh! OYl!r heel. 

10000 ~ft 

o.ooo ~n 
12.000 -!1 in 

0.000 ~ft 

r·Soil Values .. 
i 
I 

I 
I 
I 
l 
J 
J 

! 
; 

~ 

Soil Slape ......... ··················· .... I 2.00 jj~J: 1 

Allow Soil Bearing ................. [ J.l)l).O ~psf 

Latera! Pressure Method. .... I E.F.P . E'l 
Active Soli Pres£ure • Heei Sfde .. I 4!>00 ~psllft 

Act;..e So;l Pressure· Toe Side. .. I JO.OO jj psllft 

j Passive Pressure ... ········· I :leS.OO j psllft 

So~ Weigh!... ............. I 11!i.OO~pd _j 

To print, use Print button at bottom left. Layers of information can be turned 
off/on by buttons at bottom. 

THIS DRAWING WILL NOT DEPICT THE WALL UNTIL YOU HAVE ENTERED 
SUFFICIENT DATA. ONLY A DEFAULT GRAPHIC WILL APPEAR INITIALLY. 
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WaD lladlna Dlaara• 
This graphics diagram shows loads you have entered, active pressure resultant, 
passive pressure resultant, and maximum soil pressure. 

Loads are color-coded and may be turned off/on by clicking boxes at bottom. 

To print, use button at tower left (not shown on above illustration. 

V-lnpul Crblrio 

General Data !Material Data I Optior.s I Load FaC1orsl 

Ret•ined Height.... . ....•........ I m.ooo j n 

wa~:~~ ~n;e· .. · · ···· · · t•--:.a.-:::::ooo~j71 11 

Height of Soil owr Toe............ I 12.000 j In 

Water table height owr heeL ...... I 0.000 jj ft 

~Soll~alu 

I :::::;;~~~~~--- -.-... -.. _-_· ___ _. ~ 
I Lateral Pressure Method ............ ! 

1 Act iYe Soil Pres•ure • Hee! Side.. ! 
I Active Soil Pmssure. Toe Side ... 1 

I Pas•ive Pressure... . ...... I 

1_~~~-'::.:.:.::.:..:::.:.:.:~.:.::.:~.:.:::· .... [ 

200 "¢1£1 1 

3.000 0 jJ psf 

E.F.P. f3 
45.00 j ps1ll\ 

30.00 1J ps11ft 

389.00 jJ ps1ll\ 

i 10.1Xl jJ ptf ; __ __j 

Note that if seismic or adjacent footing loads are used. the pressure diagram curve does 
not graphically depict these loads, but they are included in the reaction shown at the 

bottom of the active pressure diagram. 

THIS DIAGRAM WILL NOT BE COMPLETE UNTIL YOU HAVE ENTERED 
SUFFICIENT DATA. ONLY A DEFAULT GRAPHIC WILL APPEAR INITIALLY. 

--- -------··---
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Sta• Diaura• • EIIRIODI Cunes -------------------------
These curves display applied and resisting moments plotted along the height of 
the stem. Each change in section (material, thickness, or reinforcing) is marked. 
For concrete stem sections, the applied moments are factored. Resisting 
moments are based upon strength design rather than working stress as for 
masonry sections. 

General Data lt<'~aterial Datal Options I Load Factors I 
Retained Height. ....................... 1 
Wa~ height above... . 

1 retained soil . 

Height of Soil over Toe .............. I 
Water table height O>'el heel ....... . 

10.tal ~ ft 

o.ooo jjn 

12.000 !J in 

oaoo jJ n 

:·Soil Values-------·---·~-

SoiJ Slope .. .. . .. .. . . .. . .. .. . .. .. .. I 2 00 :H£11 

Allow Soil Bearing .................... . 3.tmn! psf 

lateral Pressure Method.. . . I E.F.P. G1 
ActM> Sail Pressure . Heel Si~e.. I ~~00 !J psfltt 

Active So~ Pressure - Toe Side ... j 31100 jj p•llll 

Passn.-e Pressure.. . ......... l 3£!9.00 jJ p$1111 

! Soil Weig~L .. .. .. r-=-}l£00]1 per 

The moment resisting line is usually sloped to reflect change in resisting capacity 
with reduced remaining development length. 

These curves will be useful for visualizing and determining cutoff points for 
reinforcing, and general viewing of the stem adequacy. 
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Am lllmtiiiiCE IPDIHS 
Retain Pro 2005 now has an automatic updating system to be sure you are always up to 
date on any maintenance and improvement updates we issue. 

At timed intervals, after you start Retain Pro 2005, you will be asked whether you want to 
check for updates. Selecting ''Yes" will shut down Retain Pro and launch the updating 
program (named RPUPDT.EXE}. 

This updating program will connect to www.retainpro.com (you need to have your 
Internet connection on} and compare the version you have installed with the latest 
version available, and then download the required update files as needed. (Note to your 
technical staff: we use strictly HTTP protocol over port 80 for all communications). 

On the "Settings" screen you will see a last tab called "Updates". On this 
tab a prompt will ask you for: "Days between update checks", and an entry 
for you to put a number between 0 and 20, and a little note says 
"enter zero to disable checking". 

----------------------------------· 
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CREIDIGAmCID® DIF AlES Genenl 
By selecting Make OXF File from the Task Bar you can create a "DXF" format file to 
import your complete Retain Pro retaining wall construction drawing into any of a 
number of CAD and drawing programs. 

~Geoe,elj C<>lo"' &loye<Sf 
r 
j Drawing ,S.ctde Draw Paving cl.... Ice r 

r i 

I 
I 

i Toe Rebar Size-------: 
! r 14 r. 17 r 110 
l I. 15 I. #B I r 16 r t9 

(' #11 

r None 

!:!eel 

rHeel Rebar Size------, ! l r #4 r 17 

l 
r ts r #8 
r. 16 r #9 

r #10 
(' t 11 

r- None 

' ' I 
' i 
; 

j 

11

r Meximum spacing : = 

I Toe Bar Spacing = .---,-=-a_-=oo-Y=:: ... ·_.""";j:A:""''] in 

16.000 in Meximum Spacing : = 14.000 in 

Heel Bar Spacing =I 14.00 ;yJ'AI in 

I LongitudionaiTemp.&ShrinkegeReinf.inFooting: #j 4 l2J et I 1aoo yf;~;Jin 

I Show horizontal reinforcing ? 

I 
r 

I 
)< kcncel 11..__~--~XF_ak_e_.....l 

If you choose to open the DXF file from within AutoCAD, follow these directions: 

1) Choose File/Open from the pull-down menu bar. 
2) Save the existing file you were working with so as not to lose your changes. 
3) Change the file type from the pull-down menu located below the file name 

prompt in the Open screen to DXF. 
4) Locate the folder (directory) where the Retain Pro DXF fife occurs. 

------~----------·--··---·---~-~----··--·--·-·---
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5) Click on the file name and exit the dialog box by clicking on OK to open the 
file. 

6) You may proceed to step 4 in the Drag and Drop directions (below) to save 
the file as a drawing or as a block for later insertion. 

NOTE: The DXF file is converted to the scale that you choose in Retain Pro. You 
may need to convert the scale of the drawing to match the drawing that you will 
insert the block into. Refer to your AutoCAD help menu for scaling instructions. 

You can also use Windows drag and drop feature to create a DWG file from 
Retain Pro's DXF file. This can only be done upon opening a new drawing and 
will not allow insertion of the DXF file as a drawing. 

To use the Drag and Drop feature: 

1) Start AutoCAD or AutoCAD L T (or other compatible} and choose to start a 
new drawing. You can not use an existing template drawing that contains any 
blocks or objects. Use the default acad.dwg that came with AutoCAD. 

2) Open your file manager and proceed to the folder that contains the Retain 
Pro OXF file (HINT: Create your DXF file and save it to your Windows 
Desktop for easier manipulation). 

3) Click on the OXF file and, holding down the right mouse button, drag the file 
into the AutoCAD window. 

4) Save the file with any name you prefer. An AutoCAO OWG file will be 
created. 

5) HINT- You may use long file names, however, if you choose to insert the file 
as a block you must use and underscore ( _ ) character wherever a space 
occurs. The total length of the file name must be under 30 characters for 
AutoCAD to recognize it as an allowable block to be inserted. 

NOTE: If the drawing is used as a block, there must be no spaces between the 
words in the name of the file. For example, if it is to be called Six Foot 
Waii.OWG, it must be written out as Six_Foot_Waii.DWG so that the spaces 
between words are filled with some other character than a space. This is a 
limitation of AutoCAD® that treats a block differently than it does a drawing. 

Although this will create nearly all of the drawing, there still may be some touch­
up and editing for your specific requirements. 

--------·------------
90 

IIIII!\ 

iolll 

I !Ill! 

'I IIIIi' 

!!Ill' 

!IIlli 

IIIII' 

~ll!!li 

Uil 

l!lllli 

IIIII 

,., 



CIEIDIB AUTOCID® DIF FILES COlors & Lavers 
Use this screen to establish up to eight layers for your CAD drawing. 

Genere.l Colors 8. Layers I 
Layer Colors ... 

~all outs - ~ Layer Name: 

I Qimansions Nlllle lEI layer Name: 

' Stem None UiJ Loyer Nome: 
I 

I Eooting None ~ leyerName: 

!· Beber None liiJ leyerName: i 
I t!etching None lit~ LeyerName: 

I Iitle Info None llil leyerNeme: 
l. 

~otes None 1.±1 Layer Name: 

Qlncel 11 ~oo _..; __ o_M x_~_e _ _, 

,,,,. 
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TIE HElP SYSTEM 
Clicking HELP on the Tool Bar will give you seven choices: 

Topic Index. where you can scroll to select a topic that you'd like explained. 

Tutorial, where you can scroll through a list of get-started topics. 

FAQs directs you to www.retainpro.com/support where common technical 
FAQs are accessible and are updated frequently. 

Email Support will connect you to the Internet and give you a ready-to-use 
screen where you can ask a technical support question and email it to our 
staff. 

FAX Support gives you a form ready for you to fill out, print, and FAX to our 
support staff. 

This Version will give you information about the Retain Pro version you are 
currently using. 

Access User's Manual allows you to download the complete User's 
Manual (in Adobe Acrobat .pdf fonnat) for viewing and printing. 

You can also click QuickHelp (on the Task Bar) to get entry explanations 
from every screen. 

Also note that for every entry there is a brief description of its function at 
the bottom of the screen. 

------·-
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lethodOIOIV & Design /lnaiVSIS Assu•DtiOos 
We recommend you red these notes to give you a greater understanding of 
Retain Pro 2005 and familiarize yourself with the programs capabilities, 
assumptions, and design methodology. 

This program is for both cantilevered and restrained retaining walls, including 
gravity walls. For cantilevered walls the base of the stem is fixed to the footing, and 
the footing is free to rotate on the supporting soil, and no lateral restraint can exist at 
or near the top of the wall (otherwise it is not a cantilevered wall). 

For restrained walls ("basement" and tie-back") the program assumes either 1 00% 
fixed at base, or pinned. Lateral support is near or at the top. and momenUshears are 
computed at the base. maximum positive, and at the upper support. The program 
does not check flexural stress reduction for axial loads (the unity interaction formula) 
since in most cases of basement walls the h/t ratio is below about 10 for masonry 
walls and somewhat higher for concrete, and axial stresses are low. If axial stresses 
are considered significant (say over 1000 lbs. per ft. length of wall), the interaction 
should be checked at the point of maximum positive moment. For tie-back walls, you 
must check the wall span horizontally between tie-backs. 

References used for the development of this program are listed in Appendix E. 

Stem design material is limited to concrete or concrete block masonry. Design 
strength of concrete and masonry may be specified. 

Conventional "heel" and "toe" terminology is used, whereby the "heel" side of 
the wall supports the retained earth. In this program, the "heel" distance is measured 
from the front face of the stem. 

Concrete design for stem and footing is based upon ultimate strength design (SO) 
using factored loads. Factors for various building codes wilt be displayed on the 
Criteria> Load Factors page, and may be edited. Since they are editable, be sure to 
check them before starting a design since you may have changed them. 

Masonry design is based upon the Allowable Stress Method (ASD). 

A geotechnical engineer will have determined design criteria (equivalent fluid 
pressure, soil bearing, sliding coefficient, etc.). If this is not the case, the designer 
should exercise special care in selecting these values appropriate to the site 
conditions. Optionally, you can enter the angle of internal friction for the soil, and the 
program will compute the corresponding active pressure, using the Rankine or 
Coulomb formulas based upon the soil density and backfill slope you have specified. 
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If either the Rankine or Coulomb method is chosen, passive pressure and toe 
active pressure will be based upon the Rankine Formula, assuming a level toe-side 
backfill. 

The factor of safety against sliding and overturning should be at least 1.5:1, and the 
program displays warning messages when this condition is not satisfied. 

VVhere stem thickness varies, it is assumed that the front face (toe side} of the stem 
is flush, and the change in thickness occurs on the heel side. 

Weight of concrete block masonry can be lightweight, medium weight, or normal 
weight, per the table in this User's Manual. These weights can be modified using the 
Criteria > Materials screen. Refer to Appendix C. 

Horizontal temperature/shrinkage reinforcing is at the discretion of the designer 
and is not computed by the program. Minimum for concrete is 0.0020 times the area 
of the wall, and 0.0007 for masonry. Some designers may add a layer of reinforcing 
on the front face of the wall. Two layers of reinforcing is required by code for walls 
over 10 inches thick; however, some codes exempt "basement walls", and 
presumably retaining walls since they too are in contact with earth. For horizontal 
temperature and shrinkage reinforcing for various stems see Appendix A Some 
engineers consider a stem wall like a slab-on-grade and use a lesser percentage of 
horizontal reinforcing. 

Toe and heel footing reinforcing may not be required if the footing extends only a 
short distance beyond the face of the stem. In these cases, shear and bending can 
be resisted by plain concrete (flexural tension and shear). The program calculates 
whether flexural tension is adequate by computing the section modulus of the footing 
(deducting 2" from the bottom of the footing per ACI recommendation) and allowable 
flexural tension. If this is the case the program indicates that no reinforcing is 
required, however, the designer may want to include it. 

Axial loads may be applied to the top of the stem, and are considered in the overall 
capacity interaction formulas. Allowable axial load for masonry stems is calculated 
using the total wall height as an unsupported column with a "K" factor of 2.0. The 
ratio of fa/Fa is then added to fb/Fb for each stem design height to give the 
interaction ratio for each stem section on the Stem screen. 

Only "positive" eccentricities from the centerline of the top stem are accepted (i.e. 
toward the toe), since negative eccentricity could lead to unconservative results. 
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Excessively high axial loads are not anticipated by the program and should not be 
applied if they would cause tension in the bottom of the footing heel - the program 
assumes typical retaining wall conditions where the heel moment causes tension at 
the top of the footing. If a design requires a very high axial load, say, over 3 kips/If, 
suggest suing a footing design software or hand calculations. 

A vertical component of active pressure, Pv can be assumed to act along a 
vertical plane at the back of the footing and the program (Options screen} allows 
choices of whether it is used to affect soil pressure, overturning resistance, or slirnng 
resistance. Some engineers consider it non-conservative to apply it for soil pressure 
calculations, or for sliding resistance. Textbook examples vary on this issue, so we 
have provided a "Yes/No" check box on Criteria > Options screen to make your 
choice. It can make a large difference in soil pressures. When the Rankine method is 
chosen, the line of action of the resultant is assumed to be the angle of the backfill 
slope, p, therefore, P.,. is Pa sinp. If the Coulomb method is chosen, the line of action 
is o, which is assumed to be cp/2. Therefore. for the Coulomb method Pv = Pa sin 
($/2). For the EFP method, q, is obtained by back-solving the Rankine formula, but 
using P. =Ph tan (fjl/2). This allows you to use a vertical component for a level backfill 
by checking the appropriate box on the Criteria> Options screen. 

Special inspection for masonry as defined in the Uniform Building Code limits F'm 
to one-half its specified value if special inspection is not provided, but does not effect 
Em used to calculate modular ratio. To provide for this requirement you may check or 
un-check the box on the Stem screen. The allowable bending, shear, and axial 
stresses will be multiplied by one-half when calculating overall allowable values. 

Surcharge can be composed of either dead load, live load, or both. For the design 
of the footing and stem sections it is factored per the Load Factor criteria selected. 

Concrete block thickness' of6", 8", 10'', 12", 14", and 16" are allowed in the 
program. 

Stem reinforcing may be #4 through #1 0 bars. Soft Metric sizes are shown in 
parenthesis alongside. 

Critical section for bending and shear in the footing is at the face of the stem for 
concrete and 1/4 nominal thickness within the wall for masonry stems, for bending. 
For shear, for both concrete and masonry stems, the critical section is a distance "d" 
from the face of the stem toward the toe. and at the face of the stem for the heel. The 
program does not calculate toe or heel bar development lengths inward from the face 
of the stem (where the moment is maximum). VVhen selecting and detailing the 
arrangement of toe and heel bars this should be considered. Refer to Appendix B for 
development lengths in concrete, which can be adjusted for the stress leveL 
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The program designs key reinforcing but flexural and shear stresses for plain 
concrete are generally adequate, particularly if the depth to width ratio of the key is 
less than about 1.5: 1. The program calculates the bending in the key and determines 
whether reinforcing is required. For determining section modulus, 3" is deducted from 
the key width per ACI recommendation. If so, a message will appear. You can then 
change the key dimensions until the message disappears, or use the rebar 
suggestions displayed. The key moment and shear is produced by the passive 
resisting pressure acting against the key. 

Bond stress for masonry stems. Flexural bond is a slipping (grip) stress between 
reinforcing and grout, resulting from the incremental change in moment from one 
point to another, and is a function of the total shear at the section. The program does 
not specifically check bond stress, but does use the formula J.1 = M I 0 d n: db}. and 
compares this with the allowable development length. The formula for bond, relating 
to shear, is: J.1 =VI (!o j d), where !o is the perimeter of the bar(s) per linear foot. "j" 
and "d. are the familiar terms. This can be re-written to be approximately: J.1 = 0.35 V 
s I db j d, where ·s· is the bar spacing in feet and db is the bar diameter, if the 
designer wishes to check to the bond. 

Bond stress in masonry retaining walls is of questionable significance since the bars 
are customarily cast in grout which by code must be at least 2,000 psi, therefore 
comparable to embedment in concrete. Furthermore, Amrein (see bibliography) 
quotes a research study concluding the bond stress could be 400 psi based upon 
experimental studies showing minimum achieved stresses of 1 ,000 psi, thereby 
giving the former value a safety factor of 2.5. 

This is probably a moot issue since rarely would bond stresses govern over shear 
stresses, particularly if the stress level in the reinforcing is factored in. Additionally, 
development lengths for reinforcing in masonry, and code required lap lengths, are 
considered quite conservative. 

A lap length dilemma occurs when a masonry stem extends above a concrete stem. 
To illustrate, consider this: A #7 bar in concrete must be lapped 5'-2" {assuming class 
B splices, fy = 60ksi, f c = 3,000 psi) whereas the same bar in masonry must only be 
lapped 3'--6" (assuming Fy = 24,000 psi}. Nevertheless, that is the code, and 
furthermore no reduction is permitted for under-stressed reinforcing. The designers 
dilemma is deciding how far up a concrete stem must extend before continuing in 
masonry. Using the #7 bar example, one would extend the concrete portion up about 
5'--6", then continue with masonry. In this case the bars in the masonry would need to 
lap below (into the concrete) 48 bar diameters (for Fy = 24,000 psi). Alternatively, and 
seemingly more logical, would be to extend the reinforcing in the concrete portion up 
into the masonry 48 bar diameters. But, in this case, how far up should the concrete 
portion extend? This is the designers' dilemma, and there appears to be no published 
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guidelines. The program skirts the issue by only giving you the code required «lap 
lengths if above I below" the section considered. 

Slab restraint at the base can be specified on the Criteria > Options screen. The 
program only allows this restraint to occur at the top of the footing- not higher. 

Supplementary specifications or notes for the construction of the retaining wall 
should always be provided, including provisions for draining backfill and other site 
conditions affecting the design. 

RESTRAINED WALLS: 

A vertical component of active pressure is not activated, whether or not it is check on 
the Options screen, since the top of the wall is assumed not to deflect and thereby 
not activate such force. Overturning moment is not applicable, and therefore not 
displayed, since lateral stability is by restraint at or near the top of the wall and at the 
base either by slab restraint or a combination of friction and passive resistance. 

V\lhen floor slab restraint!§. specified on the Options screen, the point of lateral 
support is assumed to be at the top of the footing. This may not be strictly true but is 
considered a reasonable design assumption. 

V\lhen 100% base fixity is selected, and floor slab restraint is provided, soil pressures 
are computed as for cantilevered walls, using the fixed moment at the base of the 
stem as the overturning moment. Bending in toe of footing neglects any stiffening 
effect of floor slab. For this case. passive and frictional resistances are not displayed, 
nor is sliding ratio, but total lateral force at base is shown for checking floor slab. 

V\lhen 100% base fixity is selected, and no floor slab restraint, soil pressures are 
computed as for cantilevered walls but using the fixed moment at the base of the 
stem as the overturning moment, and sliding resistance based upon lateral reaction 
at the base of the footing-this is somewhat conservative since if passive resistance 
is available the point of lateral support is slightly above the bottom of the footing. 

When "Fix Stem@ Base· is unchecked, the footing will not be designed to provide 
base-of~stem fixity. In this case, the total lateral reactions assume all lateral restraint 
at bottom occurs at bottom of footing (pin~connection) even if floor slab is present. 
This may be slightly conservative or unconservative depending upon whether floor 
slab is present, or if not, if passive resistance is available. Reaction at top restraint 
assumes pin-connection at bottom of footing. Shear at base of stem is computed 
based upon lateral force above that point. 

V\lhen base of stem is not "fixed" by footing, there will still be some moment at base 
of stem due to any eccentricity of resultant loads on the footing, and if slab restraint is 
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not provided, an additional moment due to the lateral reaction at the bottom of the 
footing multiplied by the thickness of the footing. Since the bottom of the stem is 
assumed "pinned," for analysis purposes, the resulting soil pressure will be 
trapezoidal; however, in actuality there will be some fixity at the stem-footing 
interface. If the Stem Base moment capacity (shown on Stem Screen) is greater than 
the Moment used for Soil Pressure (shown on Stability screen). then the soil pressure 
will be uniform over the footing width. 
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