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1.0

Design Criteria

1.1

1.2

1.3

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 ACI318-02 “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 of 24°-0”. The following is a list
of wall mark numbers and the maximum height for that wall.

MKk. No. From To

A Grade 5°-07
B >5-17 10-0”
C >10°-17 15°-0”
D >15-17 20°-0”
E >20°-17 24°-0”

Load Cases: The 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 pcf based 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 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
coefticient as the average of the two conditions 1s based on
engineering judgment.



1.3.2

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

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.

Seismic Condition 1: This upset condition consists of an

earthquake event.

1.3.2.1 EFP of 62 pcf was used with a normal triangular, with
increasing pressure toward the bottom of the wall. See
Figure 1 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
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1.3.3 Compaction Equipment Load Case: This temporary load case

et consist of the following items:

1.3.3.1 EFP of 46 pcf. This value was calculated using the average
of the active (Ka) and the at-rest (Ko) lateral earth pressure

wa 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

wor temporary condition a more conservative approximation of
the EFP is not warranted.

1.3.3.2 A surcharge from compaction equipment was applied

s 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

it 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

s capacity is higher.

1.3.3.4 There are no surcharge effects from the uphill MSE Walis.
See appendix ‘C” for details.

= 1.3.3.5 Stability ratio for overturning is a minimum of 2.0 to 1.0.

% Equip Load

. g~ (250 psf
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1.4

Figure. 2

1.3.4 Seismic Condition 2: This upset condition consists of an

earthquake event.

1.3.4.1 Kag of 62 pcf was 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 effects 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.

Earth Seismic
st ey Pressure Load
Seismic Conditien 2 Distribution Distribution

Figure 3

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 off. 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 lbs. 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 1ssue.
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WALL MK. ‘A’
Loading Case Overturning Sliding Maximum | Controlling Case Remarks
Ratio Ratio Seil for Strength
Bearing Design
Pressure
armal y . o -
Norma 2, e 2.7 GFFe
Seismic 1 _
.00 Yy - & 7750
Compaction Equipment -
paction Equip 3.0 | s.78 | /230 il
Seismic 2 _
2.4 /.56 | 870
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TCPI Title . Wall 'A" H=5" Normal Page: :
436 Creamery Way, Suite 100 Job # o E-05129 Dsgnr:  JJF Date: MAY 23,2005 il
Exton, Pa 19341 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\os alamos rw.rj
Retain Pro 2005 , 7-Apri- 2005, (C) 1988-2005 i T - bl
www.retainpro.com/support for latest refease  Cantilevered Retaining Wall Design Code: IBC 2003
Registration # : RP-1141385 2005001 ~
| Criteria ] |Soil Data | | Footing Dimensions & Strengths ] il
i T quivalent Fluid Pressure Me eel Wi = 275 "y
Wall height above seil = 0.00ft Hee! Active Pressure = 51.0psift  Total Footing Width = 400
Siope Behind Wall - 0.00 : 1 Toe Active Pressure = 51.0 psi/tt Footing Thickness = 15.00 in wil
Height of Soil over Toe = 9.00 in Passive Pressure = 54.0 psfift i .
Water height over heel = 00f Soil Density = 130.00 pcf QZ; \gggttz - ggg :2 e
' Footingl|Soil Friction = 0.650 Key Distance from Toe = 0.00 ft i
Wind on Stem = 0.0 psf Soil height to ignore _ R . _ e
for passive pressure = 0.00in fc = 3.000psi Fy = 60,000psi
Footing Concrete Density = 150.00 pef
Min. As % = 00018 "
Cover@ Top = 2.00in @Btm= 3.00in mi
: Surcharge Loads l | Lateral Load Applied to Stem l : Adjacent Footing Load l
Surcharge Over Heel = 0.9 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0 ibs b
Used To Resist Stiding & Overturning ...Height to Tog = 0.00 ft Footing Width = 0.00 ft f'
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00# Eccentricity = 0.00in i
Used for Sliding & Overtuming Wall to Ftg CL Dist = 0.00ft
| Axial Load Applied to Stem i Footing Type . Line Load "
. Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs at Back of Wall = 0.0ft b
Axial Live Load : 0.0lbs Poisson's Ratio = 0.300

Axial Load Eccentricity 0.0in

‘ " " .
: *Design Summaz ' Stem Construction l Top Stem :
! Stem OK 'l
Wall Stability Ratios Design Height Above Ftg ft=  0.00 N
Overturning = 365 OK Wall Material Above “Ht” = Concrete
Stiding = 211 OK Thickness = 1000 "
Rebar Size = # 5 ;
Total Bearing Load = 2,972 Ibs Rebar Spacing = 12.00 wi
...tesultant ecc. = 253 in Rebar Placed at = Edge
i Design Data "y
Soil Pressure @ Toe = 978 psf OK f/FB + falEa = 0.169 !
Soil Pressure @ Heel = 4 ggg psf OK Totai Force @ Section ibs= 997.1 il
Aliowable = ) psf =
Soif Pressure Less Than Allowable Moment... Actual ﬂ'#: 1,694.3 .
ACI Factored @ Toe - 1,084 psf Moment.... Aliowable = 10,0373 : !
ACI Factored @ Heel = 562 psf Shear.....Actual psi= 11.1 @
. &
Footing Shear @ Toe = 1.4 psi OK Shear..... Allowable 951: 82.2 h
Footing Shear @ Heel = 6.5 psi OK Wall Weight T 1250
Allowable = 82.2 psi sigaé ge‘gg gABO in= 27'52 -
Sliding Cales (Vertical Component NOT Used) o sp,[:ce :F BELC\)j\ffV n= 1.3 il
Lateral Sliding Force = 894.1 lbs HOOK EMBED INTO FTG f" = 9.59
less 100% Passive Force = - 108.0 Ibs M Data n : 0
less 100% Friction Force = - 1,782.8 bs asonry L peie i
Added Force Req'd = 0.0 lbs OK Fs psi= i
.for1.5:1 Stability = 0.0 lbs OK Solid Grouting =
Load Factors Special !nspgc'ti?n f ay
Building Code IBC 2003 Modular Ratio ‘n = :
Dead Load 1.200 gh"? Tse";; %C,g’: = il
Live Load 1.600 Quiv. SO 1 e =
Ezzh o: 1.600 Masonry Block Type = Medium Weight N
B ‘ Concrete Data ey
Wind, W 1.600 fc psi=  3,000.0 i
Seismic, E 1.000 Fy psi= 60,0000 will
"l’
will
ga!
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TCPt Title : Wall ‘A’ H=5 Normal Page:

s 436 Creamery Way, Suite 100 Job # : E-05128 Dsgnr:  JJF Date: MAY 23,2005
Exton, Pa 19341 Descrigtion ...
. LOsS Alamos Retaining Wall No. 1 Low Level Wall "A” Height H=5-0" Normal Leads

This Wall in File: C:\Program Files\RP2005\os alamos rw.r}

¥ "Retain Pro 2005 . 7-April-2005, {c) 1988-2005 . . _
www.retainpro.comisupport for latest release  Cantilevered Retaining Wall Design Code: IBC 2003
Registration # : RP-1141385 2005001

e

#+ | Footing Design Results l

Toe Heel

¥ Factored Pressure = 1,084 562 psf
. Mu' : Upward = 804 1,185 fi-#
ks My Downward = 267 2,548 fi-#
Mu: Design = 837 1,362 ft-#
#=  Actual 1-Way Shear = 1.44 6.50 psi ) .
Aliow 1-Way Shear = 82.16 82.16 psi  Other Acceptable Sizes & Spacings
e Toe Reinforcing = #5@ 12.00in Toe: Notreg'd, Mu<S*Fr
Heel Reinforcing = #5@ 12.00in Heel: Not req'd, Mu< S * Fr
- Key Reinforcing = None Spec'd Key: No key defined
a | Summary of Overturning & Resisting Forces & Moments l
iged
..... OVERTURNING..... ...RESISTING.....
Force Distance Moment Force Distance  Moment
i Item o lbs it fi-# Ibs ft ft-#
w. HeelActive Pressure = 996.1 2.08 2,075.2 Soil Over Heel = 1,2458 3.04 3,789.4
Toe Active Pressure = -102.0 0.67 -68.0 Sioped Soil Over Heel =
g Surcharge Over Toe = Surcharge Over Heetl =
Adjacent Footing Load = Adjacent Footing Load =
4. Added Lateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soil Over Toe = 121.9 0.63 76.2
o Surcharge Over Toe - ' ‘
Stem Weight(s) = 625.0 167 1,041.7
By —_— — Earth @ Stem Transitions _
Total = 8%4.1 O.TM. = 2,007.2 i ;
Footing Weight = 750.0 2.00 1,500.0
L Resisting/Overturning Ratio = 3.65 Key Weight =
Vertical Loads used for Soil Pressure = 29716 lbs Vert. Component = ..2289 4.00 9164
e ) , , Total=  2971.6 Ibs RM.= 73227
Vertical component of active pressure used for soil pressure
-
. DESIGNER NOTES:
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10.in Conc W/ #5 @ 12.in o/c

#5@12.in
@Toe

#@12.in
@ Heel

gk
X —_—
|
Designer select ]
all horiz. reinf. -3 > 2-9 o
See Appendix A
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TCPI

436 Creamery Way, Suite 100
Exton, Pa 19341

L.os Alamos Retaining Wall No. 1

Title - Wall '"A° H=5" Seismic

Job # . E-05129
Description....

Low Wall "A"

This Wall in File: C:\Program Files\RP2005\os alamos rw.ry

Osgnr JJF Date: MAY 24,2005

Height H=§-0" Seismic load EFP =62

Retain Pro 2005 , 7-Apnil-2005, (¢} 1985-2005
www.retainpro.comisupport for latest release
Registration # : RP-1141385 2005001

Cantilevered Retaining Wall Design

Code: IBC 2003

[ Criteria J ScilData

) g quivalent Fluid Pressure Me eel Wi =
Wall hEIQh‘Q above soil ~ 0.00 ﬂ Heel Active Pressure = 62.0 psiit Total Footing Width =
Slope Behind Wali = 0.00:1 Toe Active Pressure = 62.0psft Footing Thickness =
Height of Soif over Toe = 9.00 in Passive Pressure = 54.0 psfift Kev Width
Water height over heel = 0.0f Soil Density = 130.00 pef Kg;’ Delpﬁh -
Wind on St 0.0 bef ;ootmgﬂSou Friction = 0650 Key Distance from Toe =
ind on Stem = O ps oil height to ignore .
for passive pressure = 0.00in fc = 3.000psi  Fy
Footing Concrete Density =
Min. As % =
Cover@ Top = 2.00in @ Btm= 3.00in
" Surcharge Loads teral Load Applied to Stem l ‘Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load =
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width =
Surtcharge Over Toe = 0.0 psf ..Height to Bottom = 0.00 ft Eccentricity =
Used for Siiding & Overturning Wall to Ftg CL Dist =
Axial Load Applied to Stem Footing Type ,
n Base Above/Below Soit
Axial Dead Load = 0.0 ibs at Back of Wall
Axial Live Load = 0.0 ibs . . . _
Axial Load Eccentricity = 0.0 in Poisson’s Ratio =
: *Design Summa | Stem Construction I Top Stem
- Stem OK
Wall Stability Ratios _ Design Height Above Ft¢  fi= 0.00
Overturning = 2.99 OK Wall Material Above "Ht* = Concrete
Sliding = 1.74 OK Thickness = 10.00
Rebar Size = # &
Totat Bearing Load = 2,964 tbs Rebar Spacing = 12.00
...resultant ecc. = 435 in Rebar Placed at = Edge
. Design Data
Soil Pressure @ Toe = 1,144 psf OK I/FB + falfFa = 0.180
3‘;‘\'“" res;“’e @Heel = . ggg PS: OK Total Force @ Section Ibs=  1,060.6
owable = : ps =
Soil Pressure Less Than Aliowable Moment... Actual ﬁ'#_ 1,802.2
ACI Factored @ Toe - 1,270 psf Moment.....Allowable = 10,037.3
ACI Factored @ Heel = 375 psf Shear..... Actual psi= 11.8
Footing Shear @ Toe = 1.9 psi OK Shear.....AHowable psi= 822
Footing Shear @ Heei = 7.7 psi OK Wall Weight o 125.0
Allowabie N 822 psi Regaégaggg ig ABOVE n f 27§g
Sliding Calcs (Vertical Component NOT Used) LA n= 1.
< LAP SPLICE IF BELOW in=
Lateral Sliding Force = 1,086.9 ibs HOOK EMBED INTO FTG in = 959
less 100% Passive Force = - 108.0 Ibs " D = :
less 100% Friction Force = - 1.782.8 fbs lasonry Data pein e
Added Force Req'd = 0.6 lbs OK Es psi=
..for1.5; 1 Stability = 0.0 Ibs OK Safid Grouting =
Load Factors - . . Spe_cial Inspgc‘ti{‘)n =
Building Code IBC 2003 Modular Ratio 'n =
Dead Load 1.200 Short Tem Factor =
Live Load 1.600 Equiv. Sofid Thick. = _
Masonry Block Type = Medium Weight
Earth, H 1.400
. Concrete Data - e
Wind, W 1.60C fe psi= 3.000.0
Seismic, E 1.000 Fy psi=  60,000.0

| Footing Dimensions & Strengths |
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TCPI

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wall No. 1

Tile - Wall 'A' H =5 Seismic

Job # - E-D5128
Description....

Dsgnr:

JJF

Page:

Date: MAY 24,2005

Low Wall "A" Height H=§-0" Seismicload EFP =62

This Wall in File: C:\Program Files\RP2005\los alamos rw.r}

Retain Pro 2008 | 7-Apri-2605, (¢ 1989-2005

www.retainpro.com/support for latest release  Cantilevered Retaining Wall Design

Registration # : RP-1141385 2005001

Cc

ode: {BC 2003

Toe Heel
Factored Pressure = 1,270 375 psf
Mu' - Upward = 820 952 #-#
Mu' - Downward = 267 2,526 f-#
Mu: Design = 652 1,574 ft-#

Actual 1-Way Shear
Allow 1-Way Shear

1.85 7.67 psi

uw# g n

82.16 8216 psi  Other Acceptable Sizes & Spacings

Toe Reinforcing #5@ 12.00in Toe: Notreqd Mu<S*Fr
Heel Reinforcing #5@ 12.00in Heet: Not req'd, Mu < S * Fr
Key Reinforcing None Spec'd Key: No key defined
Summary of Overtuming & Resisting Forces & Moments I
..... OVERTURNING..... .....RESISTING.....
Force Distance Moment Force Distance  Moment
ltem . lbs ft fi-# ibs ft ft-#
Heel Active Pressure = 1,210.9 2.08 2,522.8 Soit Over Heel = 12458 3.04 3,789.4
Toe Active Pressure = -124.0 0.67 827 Sioped Soil Over Heei =
Surcharge Over Toe = Surcharge Over Heel =
Adjacent Footing Load = Adjacent Footing Load =
Added Lateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soil Over Toe = 1219 0.63 76.2
Surcharge Over Toe _ ’ ’ ’
Stem Weight(s) = 625.0 167 1,041.7
U _— Earth @ Stem Transitions
Total = 1,0869 O.TM. = 24401 ;i i
Footing Weight = 750.0 2.00 1,500.0
Resisting/Overturning Ratio = 2.99 Key Weight =
Vertical Loads used for Soil Pressure = 2,964.3 Ibs Vert. Component = 2216 400 8866
Totat = 2,964.3 tbs RM.= 7,293.8

Vertical component of active pressure used for soil pressure

DESIGNER NOTES:



10.in Conc w/ #5 @ 12.in o/c

9» ‘l
_]V
#5@12.in
@Toe
#5@12.in
@ Heel

Designer select
all horiz. reinf.
See Appendix A
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TCPI

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wall No. 1

Title
Job# - E-05129
Description.. .

Dsgar:  JJF

- Wall A" H=§" Equiplent Load

Date: MAY 25,2005

Page:

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

This Wall in File: C:\Program Files\RP2005\os alamos rw.rj

Retain Pro 2005 | 7-April- 2005, (¢} 1988-2005
www.retainpro.com/support for latest refease
Registration # : RP-114138§ 2005001

Cantilevered Retaining Wall Design

Code: IBC 2003

[ Criteria ' l | Soil Data | Footing Dimensions & Strengths l
Retained Height = 500 ‘E\”OYV Sg“tséagng e higoeﬂ psf LOG ’V‘\/’Vh}’é’t‘h = ;22 f
. . quivalent Fluid Pressure Met eet Wi = 275
Wall he‘gh.t above soil _ 0.00 ft Heel Active Pressure = 46.0 psfift Total Footing Width = 4.00
Stope Behind Wall = 0.00:1 Toe Active Pressure = 46.0 psfift Footing Thickness = 15.00 in
Height of Soif over Toe = 9.00in Passive Pressure = 54.0 psf/ft Kev Width B .
Water height over heel = 0.0ft Scil Density = 130.00 pcf Kg){ De:ptth = ggg :2
Footingi]Soil Friction = 0.650 Key Distance from Toe = 0'00 &
Wind on Stem = 0.0 psf Soil height to ignore . . .
for passive pressure = 0.00in fc = 3.000psi  Fy =  60.000psi
Footing Concrete Density = 150.00 pcf
Min. As % = 0.0018
Cover @ Top = 2.00in @Btm= 3.00in
| Surcharge Loads ! Lateral Load Applied to Stem I [Adjacent Footing Load M‘l
Surcharge Over Heel = 0.0 psf {ateral Load = 0.0 #/ft Adjacent Footing Load = 2,000.0 Ibs
Used To Resist Stiding & Overturning ...Height to Top = 000 ft Footing Width = 8.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 f Eccentricity = 0.00in
Used for Stiding & Overturning Wall to Ftg CL Dist = 4.00 ft
! Axial Load Applied to Stem l Footing Type _ Line Load
- Base Above/Below Soil
Axial Dead Load = 0.0 Ibs at Back of Wall 00t
Axial Live Load = 0.0 lbs ; : ; =
Axial Load Eccentricity = 0.0in Poisson's Ratio N 0.300
| *Design Summa | Stem Construction ] Tepstem
Stem OK
Wall Stability Ratios Design Height Above Ft¢  fi= 0.00
ngﬂur ning = 297 OK Wall Material Above “Ht" = Concrete
Sliding = 1.75 OK Thickness = 1000
Rebar Size = # 5
Totai Bearing Load = 3.297 Ibs Rebar Spacing = 12.00
...resultant ecc. = 3.94 in Rebar Placed at = Edge
. Design Data
Soit Pressure @ Toe = 1,231 psf OK f0/FB + fa/Fa = 0.241
Soil Pressure @ Heel = 418 psf OK Total Force @ Section fbs=  1,376.0
Allowable = 5,000 psf a1z
Soil Pressure Less Than Allowable Moment... Actual ﬂ'#: 2:415.9
ACI Factored @ Toe - 1,423 psf Moment.... Allowable = 10.037.3
ACI Factored @ Heel = 484 psf Shear..... Actual pSf = 15.3
Footing Shear @ Toe = 2.1 psi OK Shear..... Al!owable psi= 82.2
Footing Shear @ Heel = 6.2 psi OK Wall Weight o= 1250
Allowable = 82.2 psi Regaf Depth g in = 7.50
Sliding Calcs (Vertical Component NOT Used) LAP SPLICE IF ABOVE in= 21.36
L LAP SPLICE IF BELOW in=
Lateral Sliding Force = 1,203.1 ibs HOOK EMBED INTO FTG in = 9.59
less 100% Passive Force = - 108.0 Ibs . b n= :
fess 100% Friction Force = - 1,994.8 Ibs asonry Data oeis
Added Force Reg'd = 0.0ibs OK Fs psi=
Lfor15:01 Stabmty = 0.0 s OK Solid Gyouﬂng =
L08d FACLOrS et s Special lnsp_ec.tix')n i
Building Code 1BC 2003 Modutar Ratic 'n =
Dead Load 1.260 Shoft Term Fagtor =
Live Load 1600 Equiv. Solid Thick. ) = .
Earth, H 1600 Masonry Block Type = Medium Weight
. Concrete Data :
Wind, W 1.600 c psi=  3.000.0
Seismic, E 1.000 Fy psi= 60.000.0
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TCPI Titlie . Wall*A' H=§' Equiplent Load Page:

ww 436 Creamery Way, Suite 100 Job# - E-05129 Dsgnr: JJF Date: MAY 25,2005
Exton, Pa 19341 Description....
.. Los Atamos Retaining Wail No. 1 Wall "A"® Height (H) = 5'-0" Equipment Load with EFP =

This Wall in File: C:\Program Files\RP2005\los alamos rw.r}

k¥ "Rotals Pro 2006 , 7-Apri-2005, i) 195¢ 2605 R T ]
www.retainpro.com/support for latest release - Cantilevered Retaining Wall Design Code: IBC 2003
Registration # : RP-1141385 2005001

we | Footing Design Results i

Toe Heel

ow Factored Pressure = 1.423 484 psf
Mu' : Upward = 1.035 1,164 ft-#
R Mu' : Downward = 267 2,546 ft-#
Mu: Design = 768 1,382 ft-#
e Actual 1-Way Shear = 213 6.22 psi . .
Allow 1-Way Shear = 82.16 82.16 psi  Other Acceptable Sizes & Spacings
was Toe Reinforcing = #5@ 12.00in Toe: Notreq'd, Mu<S *Fr
Heel Reinforcing = #5@ 12.00in Heel: Not req'd, Mu < S * Fr
- Key Reinforcing = None Spec'd Key: No key defined
Summam of Overtuming & Resisting Forces & Moments l
sl
..... OVERTURNING..... ~.RESISTING.....
Force Distance Moment Force Distance = Moment
oy item bs ft ft-# Ibs ft ft-#
we ieel Active Pressure = 898.4 2.08 1.871.7 Soit Over Heet = 1,245.8 3.04 3,789.4
‘ Toe Active Pressure = -92.0 0.67 613 Sloped Soil Over Hee! =
= Surcharge Over Toe = Surcharge Qver Heel =
) Adjacent Footing Load = 396.7 2.50 8991.0 Adjacent Footing Load = 326.2 3.04 952.3
ws  Added Laterai Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soil Over Toe - 121.8 063 76.2
o Surcharge Over Toe - ’
Stem Weigh(s) = 625.0 167 10417
ey e s Earth @ Stem Transitions_
Total = 1,203.1 OTM. = 2,801.4 i i
Footing Weight = 750.0 2.00 1,500.0
gor Resisting/Overtuming Ratio = 2.97 Key Weight =
o Vertical Loads used for Soil Pressure = 3,297.2 Ibs Vert. Component = 228.2 400 9129
Total = 32872 Ibs RM= 83125

Vertical component of active pressure used for soil pressure

DESIGNER NOTES:

Rz
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ey



10.in Conc w/ #5 @ 12.in o/c

T2 1

ok
Y _
#@12.in |
@Toe !
Designer select
#5@12.in all horiz. reinf.
@ Heel See Appendix A
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Pp= 108.#

1230.5psf

418.07psf

898.44#

Adj Ftg Load = 2000.#

Ecc.= 0.in from CL



TCPI Standard Calculation Sheet 10f08
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:.41 AM
Exton, PA 19341 Wall Mk. 'A’ Seismic Walf A Seismic.med

610-524-5920

WALL Mark'A' Seismic Loads

Definitions:
B = Width of Toe (feet) h wall = Height of Wall over base (feet)
C = Width of Heel (feet) liee = thickness of Base (feet)

W = Width of Base (fect)

y = density of backfill (pcf)
Yconcrete d€NSILY = 150 pef
EFP,.;. = Design equivalent fluid pressure (pcf), static condition.

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

conditions..

¢ = Internial angle of friction of the soil.
8 = Friction angle of soil to concrete wall.
K, = Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B'

tyem = Thickness of Stem (feet)

Wall Mk. 'A' Data:

B := 1.25 (feet) hwat] == 5.0 (feet) torem == 0.83 (feet)
C := 1.92 (feet) W= 4.00 (feet) thase := 1.25 (feet)
Soil Data:  y:= 130 (pcf) § 1= 22-deg ¢ = 32-deg

EFPstatic = 46 (PCf)

B | ZStem C
N

EFPAE = 62 (pcf)

K= 0.09

hw:m —f

—=i Base

| W J
2%
WALL STABILITY ANALYSIS
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TCPI Standard Calculation Sheet
436 Creamery Way  Suile 100 Subject:

Exton, PA 19341 Wall Mk, 'A"' Seismic
610-524-5920

20ofg
Date: 5/31/2005 7:41 AM
Wall A Seismic.mcd

Weights:
Witem = (0.150)-hyairtstem
Whase 1= (0.150)- W-ipyqe

V- hyan €

Woil = 1000

H = hyall + thase

W-Ciz

Stabilizing Forces

Driving Forces:
. 1 2
(bFPmliC)': (H)

Por 1= Pet = 0.898 (kips)
ST 1000 ST

(EFPA£)~%~(H)2

Pop 1= e Pep = 1.211 (kips
SE 1000 SE ps)

APy := PE ~ Pgy APy = 0313 (kips)

2
Kp-yr-(H)™
Py i APy = 0.457 (kips)
1000

The larger value of either AP, or AP, is to be used in the seismic analy

L APy )

AP = max{A) AP = 0457 (kips)

(kips.per foot)

Wogem = 0.622

Whase = 0.75

Wil = 1.248

H=6.23 (feet)

5is
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TCPY Standard Calculation Sheet 30f9 wi
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 19341 Wall Mk. 'A' Seismic Wafl A Seismic.med )
610-524-5920 '

Y ]

Driving Forces and Moments about the Toe: .

iii

il

-

e 3

Lo UUCUUIUUUN . - T,
| S

aﬁl&
il

o

<

i!|’

Earth Seismic wilb
Pressure Load
Distribution Distribution iy

=
P
7
o

2

wil

Horizontal Driving Force (HDF) is the sum of P, and AP in the horizontal direction: "y

G
HDF := (Pgt + AP)-cos(5) HDF = 1257 (kips) sy

wib
Driving Moment (M,;} is the sum of the driving moments about the Toe.

IH&R
Mg = (Ps7-0.333-H)-cos(5) + (AP-0.6-H)-cos(8) Mg = 3.323 (fi-kips) -
!il!
wilf

Resisting Forces and Moments about the Toe:
Resisting Forces (RF) neglecting passive pressure, a conservative analysis: il

) ‘ e "y
RF = tan()(Wetem + Whase + Weoit + Ps7-sin(8) + AP-sin(5))

il

RF = 1.955 (kips) "y

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

RE Rati 1.55 i
10gliding = }-
HDF liding

i

Ratiogj;ding =
sliding (7

iy

1&‘“‘

L
wnd

wy

il
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TCPL

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

Standard Calculation Sheet
Subject:
Wall Mk. ‘A’ Seismic

40f§
Date: 5/31/2005 7.41 AM
Wait A Seismic.mcd

Resisting Moments about the Toe M :

o Veowe [ WY
M= Wyen(B + tstem) + Whase'| T |
s/

M, = §.62 {ft-kips)

Pl

C

/
-ty

{ .
+ Wsoir] W= = |+ (Pgr +

N 2) -

"Factor of Safety” against overturning the ratio of M_to M,

M,
Ratiogt i= —
°0T Mg

Calculate Soil Bearing Pressurs:

Net Moment: AM = M; - M4

AM

Ratiogt = 2.594

X =

R = (Wstem + Wphase + Weoil + PsT

Eccentricity (e): e: -X

i}

P

Eccentricity ==

W
"OK Within Middle Third" if e < ~g

(Wstem + Whase + Weoil + PST-sin(B) + AP~sin(5))

sin(é) + Avain(S))

e = 0.307 (feet)

7

"Non in Middle one-third" otherwise

Eccentricity = "OK  Within Middle Third"

R

SPyi= —( 1+ — | SP, =
wi o w
R {7 e)

I . SP| =
Wi W)

AP)-W-sin{s)

(ft-kips)

X =1693  (feet)
R =3.128 (kips)
% =0667  (feet)

0.842 Maximum Soil Pearing Pressure (kips/fi? )

0.722

Minimum Soil Pearing Pressure (kips/fi? }
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TCPI Standard Calculation Sheet 50f8 e
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 19341 Wall Mk, ‘A’ Seismic Wall A Seismizc.med -y
610-524-5920 :
il
Concrete Design: oy
wil
The design on the concrete elements will be in accordance with ACI 318-02.
L]
See Section 9.2 of ACI 319-02 i
g
Upp =12 Uy = 1.6 Ug= 1.0 m!
i&’i
Rutt = (UpL-Wstem + UDL-Whase + Up-Wsoit + Ug-Pssin(8) + Ug-AP-sin(3)) -y
auii
Mg _ui = Up[ (Ps7-0.333-H)-cos(8) + (aP-0.6-H)-cos(5) ] .
[ 4
in
L. J ‘k" s 7. 5 J C '
M ai 1= UpL* Wstem(B + tsiem) + UpL-Whase' |+ UpL-Wsoir| W - S i
\ w
Mr uj 2= UDL'[(PST + AP)'W -sin(ﬁ):l wﬁ
My yies= Mr uie 1+ Mr_ui 2 "’
‘iili
f T1es . )
Net Ultimate Moment:  AMy = My it = Mg uit AMyj¢ = 7.021 (ft-kips) i
il
, AMyt
ult == Xy = 2.063 (feet) iy
(Rull)
il
Ryt = 3.403 (kips) iy
Iﬁii
N . . . W Y
Eccentricity (e): eult = — ~ Xult eyjt = -0.063  (feer) — =0.667 (feet) ”’?
2 6 ‘g
. . e g . . W
Eccentricity := | "OK Within Middle Third" if ey < o oy
il
"Non in Middle one-third®  otherwise
sﬂ‘!
Eccentricity = "OK  Within Middle Third" 1,‘,{
Rui [ eunr} . .. . e "y
SPy pppi= —— i b+ — SPy 4 = 0.837 Maximum Soil Pearing Pressure (kips/fi? ) :
- wl owy - ik
b
"

wib
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TCP1 Standard Calecutation Sheet
436 Creamery Way  Suite 100 Subject:

Exton, PA 19341 Wall Mk. 'A’ Seismic
610-524-5920

Date: 5/31/2005 7:41 AM

6ofg

Wail A Seismic.med

ae [ eyl .. . .
SPy yie = —i‘-i 1 - ﬂ\ SPy 4y = 0.864 Minimum Soil Pearing Pressure
- W W/ - e e
- 7 (kips/fi2)
ASPyje = Spl__uit - Spl*uh ASPyje = -0.027 (kips/fi? )

|
-,

sp

Pressure Diagram - Toe & Heel

Soil Pressure at Front Face of Stem:

Aspuh

SP3 yie:= SP2_yjt —

Soil Pressure at Rear Face of Stem:

ASPU][

SP4 yje=SP2 yit—

7

Moment at Front Face of Stem:

)

B~ L (B) 21
Mioc = SP3_yie— + {SP2_yit - 593_1}}1)'“;"{ )
Mipe = 0.48 (ft-kips)

B) SP3 it = 0.846 (ksf)

‘(B + tstem) SP4 yj = 0.851 (ksf)

|'B ~ Up-(0.150) thase

(&
1

4

Nccamrmmennasres?




TCPI Standard Calculation Shest
436 Creamery Way  Suife 100 Subject:

Exton, PA 19341
610-524-5920

Wall Mk. ‘A’ Seismic

70f9
Date: 5/31/2005 7:41 AM
Wail A Seismic.mcd

Concrete Data:

p.=3  ksi fy = 60 ksi My = Mige
b:= 12 inches d = (12) thuee — 4 d=11 inches
A calculation is from CRSI Handbook
{ 2
L7-febd | [2.89(fcbd)”  6.8-fobMyl2
As_required = e 5 -
- A-‘f: 2 2 2
4 Vo) or(fy)
-3 ) As_required
A required = 9.715x 10~ Inches = _;l—;—c—l_
Shear in Toe:
Soil Pressure at d from front face:
ASPyq d
SP3j_uh = SP2 yi - B -— SP3p yit = 0.839 (ksf)
- - W 12 -
d 1 d
Vige = Sp3l_ult'(B - E) + (SP?._ult - SPSIﬁuh)‘(‘z‘)'(B - E)
Vige = 0.279 (kips/foot)
0.75- 12'd»(2)~,/f’c_~ 1000
BV = DV, = 10.845
oVp 1000 PVn
Moment at Rear Face of Stem in the Heel:
2 N
c () (1) ,
Mpeet = SPy_ype— + (szt“ult - Svauu)'T-(:/!-C ~ UpL.(0.150) tpase:
L 2 43

Mpeet = 1.17 (ft-kips) Let:

E—\'{U = 3\{1}](:2’

(kips/foot)

Gg:= 0.90

p = 0.0001

Rl

il

W!}

il

]
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il

ke 4

i

=y

il

"
b

wil

"
wil

.
il

L

.

i ]
wl

vl

i ]

i



s

TCPL

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

Standard Calculation Sheet
Subject:
Woalil Mk. "A' Seismic

8of9g
Date: 5/31/2005 7:41 AM
Wait A Seismic.mcd

A calculation is from CRSI Handbook

7 22
. 1.7.fb-d f 2.89(fcb-d)”  6.8-fub-My 12
s required ©T 5 - -
2-f, 2 V2 IRy
" J (%) or(R)
Ac rarniiin
As_required = 0.024 Inches? p = s required
- 12-d
Shear in Hell:
Soil Pressure at d from front rear face of stem:
ASPye d .
SP4) uit = SPy_un + 1€-5 SP4y uit=0857 (ks
) d ( 1 d
Vieel := SPy wie]l C - — | + (SP. ~SPy an)l = C-—
heel !_ult( 12} ( 41 _ult l_uh) \2)( 12}
Vheel = 0.864 (kips/foot)
0.75-12:d-(2)- /£~ 1000 ]
oVp = < V= 10.845 (kips/foot)

1000

Moments in Stem:

Driving Forces:

1 32
(EF P o)

Por = Psy = 0573 (kips)
>t 1000 31
(EFPAE}' 5 '(hwall)
Pgg = = Pgp = 0.775 (kips
SE 1000 SE ps)
APy = Pgg - Pgt APy = 0.2 {kips}

p = 0.0002




TCPY Standard Calculation Sheet 90f8
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 19341 Wall Mk. 'A" Seismic Wali A Seismic.med

610-524-5920

V2

Kh‘?‘(hwall) N

APy 12— AP = 0.292 (kips)
1000

The larger value of either AP, or AP, is 10 be used in the seismic analysis

Let: A= i AP = max{A) AP = 0.292 (kips)
kAPo J

Matem = Up{(Ps-cos(8)-0.3330 ) + (4P-0.600-hyq)]
Maiemn = 1.765 (ft-kips) Let: My = Mgem d:= 12tgem — 3.0

A, calculation is from CRSI Handbook d=6.96 (inches)

17fcbd | [289-(Fbd)®  68fcbMy12

As_required *=
= 2-f, 2 2 N2
’ (%) or (%)
As required = 0.057 Inches? = «A-S:;ri%lrf—-d p = 0.0007
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TCPi Title - Wall *B" H = 10 Normai Page: >
436 Creamery Way, Suite 100 Job# - E-05129 Dsgnrr JJF Date: MAY 24,2005 il
Exton, Pa 19341 Description. ...

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

i
This Wall in File: C:\Program Files\RP2005\los alamos rw.rp g
Retain Pro 2005 | 7-April-2005, (¢} 1989-2005 . . K il
www.retalnpro.comisupport for latestrelease  Cantilevered Retaining Wall Design Code: I1BC 2003
Registration # : RP-1141385 2005001
A,m%
' Criteria l |Soil Data I  Footing Dimensions & Strengths I i
. 4 - quivaient Fluid Pressure Meth eal Widt = 425 y
Wall heigh t above soi 0.60 ﬁ Heel Active Pressure = 51.0 pst/ft Total Footing Width = 6.25 "
Slope Be“‘“fj Wali = 0.00:1 Toe Active Pressure = 51.0 psiift Footing Thickness - 18.00 in il
Height of Soit over Toe = 6.00 in Passive Pressure = 54.0 psfift Kev Wi _ )
Water height over heel = 0.0 Soit Density = 130.00 pct K{ea; Degtt: - }ggg :: )
ind on 0.0 mef gootmgﬁSoﬂ Friction = 0.650 Key Distance from Toe = 200 ft
ind on Stem = .0 ps il height to ignore . . vl
for passive pressur = 0.00in fc = 3,000 psi Fy = 60,000 psi
O passive pressure ! Footing Concrete Densily = 150.00 pcf
Min. As % = 0.0018 Y
Cover@ Top = 2.00in @Btm= 3.00in ‘
h ? F T 1 ¢ - " ‘i
i Surcharge Loads l | Lateral Load Applied to Stem I : Adjacent Footing Load '
Surcharge Over Heel = 0.0'psf Lateral Load = 0.0 #/7t Adjacent Footing Load = 0.01bs L]
Used To Resist Sliding & Overturmning ...Height to Tog = 0.00 ft Focting Width = 0.00ft :
Surcharge Qver Toe = 0.0 psf ...Heignht to Bottom = 0.00 ft Eccentricity = 0.00in 7
NOT Used for Shiding & Overturning Walti to Ftg CL Dist = 0.00 ft
| Axial Load Applied to Stem ___§ Footing Type Line Load "y
Base Above/Below Soil  _
Axial Dead Load = 0.0 lbs at Back of Wall = oot i
Axial Live Load z 0.0 fbs Poisson's Ratio = 0.300

Axial Load Eccentricity 0.0in

[ :Design Summary l | Stem Construction l Top Stem __ 2nd "
Stem OK Stem OK i

Wail Stability Ratios Design Height Above Ft¢ fi= 3.75 0.00
Overturning = 2.58 OK Wall Material Above "Ht* = Concrete Concrete
Shding = 1.59 OK Thickness = 12.00 12.00 iy
Rebar Size = # 5 # 7 :
Total Bearing Load = 8,261 ibs Rebar Spacing = 12.00 12.00 il
...resuitant ecc. = 7.92in Rebar Placed at = Edge Edge
Design Data -
Soil Pressure @ Toe = 2,160 psf OK fb/f?B + fafFa = 0.259 0.585 !‘!
Soil Pressure @ Heel = . ggg psf OK Total Force @ Section lbs= 15938  4,069.8 it
Allowable e Less Than Allowable Moment... Actual fi#= 33203 135983
AC! Factored @ Toe = 2,349 psf Moment.....Atlowable ﬂ#i 12,8273 24,0570 "
ACI Factored @ Heel = 526 psf Shear.....Actual psi= 14.0 35.7
Footing Shear @ Toe = 8.5 psi OK She::lr.u.f\lrl‘owable pSflf 82.2 122.2 sl
Footing Shear @ Heel = 21.2 psi OK Wali Weight psi= 150.0 0.0
Allowable = 82.2 psi Rebar Depth 'd" in= 9.50 9.50 "m
Sliding Calcs (Vertical Component NOT Used) LL::: giﬁgg :i gg&‘)’i " g}gg 37.38 P
Lateral Stiding Force = 32704 1bs HOOK EMBED INTO FTG in = ’ 13.42
less 100% Passive Force = - 330.8 lbs . b n ‘
less 100% Friction Force = - 4,866.1 Ibs asonry Data o -
Added Force Req'd = 0.0 fbs OK Fs psi= "
..for 151 Stability = 0.0 fbs OK Solid Grouting =
Load Factors o Special Inspection = ,
Building Cote (BC 2003 Modular Ratio ‘' = -
Dead Load 1.200 Short Term Factor s il
{ive Load 1.600 Equtv. Solid Thick. =
Earth. H 1.600 Masonry Biock Type = Medium Weight
i e Concrete Data i
Wind, W 1.600 fc psi= 30000  3,000.0 ;
Seismic, £ 1.000 Fy psi= 60,0000 60,0000 w‘
cl‘
il
e
G
.y



) TCPI Titie . Wall“B* H =10 Normal Page:
“* 436 Creamery Way, Suite 100 Job # : E-05129 DOsgnr:  JJUF Date: MAY 24,2008

Exton, Pa 19341 Description. ...
= | os Alamos Retaining Walt No. 1 Wall 'B' Height (H) =10°-0" Normal Loads EFP = 51

This Wall in File: C:\Program Files\RP2005\ios alamos rw.rj

Retain Pro 2005 | 7-April-2055, (¢} 1488-2008

www.retainpro.comisupport for latest release  Cantilevered Retaining Wall Design Code: IBC 2003
x#»  Registration # : RP-1141385 2005001
- - - e ST
. Footing Des:gn Results I
P~ Toe Heel
Factored Pressure = 2,349 526 psf
- Mu' - Upward = 4,308 4,447 ft-#
Mu' : Downward = 696 13,694 fi-#
Mu: Design = 3612 9,247 ft-#

5.46 21.17 psi

Actual 1-Way Shear ) )
82.16 82.16 psi  Other Acceptable Sizes & Spacings

Allow 1-Way Shear

%=+ Toe Reinforcing = #5@9.00in Toe: Not req'd, Mu< S~ Fr
Heet Reinforcing = #5@ 12.00in Heel: #4@ 7.25 in, #5@ 11.25 in, #6@ 16.00 in, #7@ 21.75 in, #8@ 28.50 in, #9@ 36

g Key Reinforcing = #5@ 18.00in Key:

we L Summary of Overtuming & Resisting Forces & Moments I

..... OVERTURNING..... -....RESISTING.....

oo Force  Distance Moment Force Distance = Moment
Item Ibs ft ft# Ibs ft ft-#

4 Heet Active Pressure = 33724 3.83 12.927.4 Soil Over Heel = 4,225.0 4.63 18,5406
Toe Active Pressure = -102.0 0.67 -68.0 Sloped Soil Over Heei =

woa Surcharge Over Toe Surcharge Over Heel =

non

Adjacent Footing Load Adjacent Footing Load =

o Added Lateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soil Over Toe = 130.0 100 130.0
o Surcharge Over Toe = ' '
Stem Weight(s) = 15000 2.50 3,750.0
P [T et Earth @ Stem Transitions
Total = 32704 O.TM. = 12,859.4 i i
) Footing Weight = 1,406.3 3.13 43945
s Resisting/Overturning Ratio = 258 Key Weight = 225.0 2.50 562.5
o Vertical Loads used for Soif Pressure = 8.261.1 Ibs Vert. Component = 7748 625 48426
Total = 8,261.1 Ibs R.M.= 33,220.2

Vertical component of active pressure used for soil pressure

wyod

«. DESIGNER NOTES:

g



12.in Conc w/ #5 @ 12.in o/c

S L
63"
160" 100"
12.in Conc w/ #7 @ 12.in oic "
3
: 39"
- 2 12
oy R z
6" | R s
! Beitiay Y Y
I A
: 1"6"
3 Y
#5@9.in l’. A
16
@Toe
y
Designer select
#@12.in a horiz. reinf.

@ Heel See Appendix A
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Pp= 330.75#

2159.7psf

483.88psf
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TCPI Titte . Wall"B" H =10 Seismic Page: .

436 Creamery Way, Suite 100 Job #. . E-05129 Dsgnr.  JJF Date: MAY 24,2005 il
Exton, Pa 19341 Descnption?. . ) o
Los Alamos Retaining Wall No. 1 Wall ‘B’ Height (H) =10'-0" Seismic EFP =62 pcf -y
This Wall in File: C:\Program Files\RP2005\los alamos rw.r} ,‘m;
Retain Pro 2005 , 7-April-2005, (C} 1688255 . . .
www.retalnpro.com/support for latest release  Cantilevered Retammg Wall Des.gn Code: IBC 2003
Registration # : RP-1141385 2005001 )
{Criteria o l 'Soil Data I ! Footing Dimensions & Strengths l il
Retained Height = 10001 é‘fow Sxoilt%‘a%ng M=mfgg00-0 psf :*oe mq;?h = i-gg ft -
e I quivatent Fluid Pressure Me eet Wi = 25 ~
wall he.ghf above soil _ 0.00 ﬁ Heel Active Pressure = 62.0 psf/tt Total Footing Width = 6.25 il
Stope Behind Wall = 0.00:1 Toe Active Pressure = 62.0 psfift Footing Thickness = 18.00 in ol
Height of Soil over Toe = 6.00in Passive Pressure = 54.0 psi/ft K th i
Water height over heel = 0.0t Soil Density = 130.00 pef K:z ‘[’)‘gﬁ‘th = }g-gg in m
Wind on St 0.0 o Footing]|Soil Friction = 085 Key Distance from Toe = 2.001t il
ind on Stem = 0 ps Soil height to ignore . .
i = 0.00i fc = 3,000 psi Fy = 60,000 psi
for passive pressure Oin Footing Concrete Density = 150.00 pcf "
Min. As % = 0.0018 0
Cover@Top = 2.00in @ Btm= 3.00in il
Surcharge Loads l | Lateral Load Applied to Stem l ! Adjacent Footing Load .
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #ft Adjacent Footing Load = 0.0 Ibs ’"{
Used To Resist Sliding & Overtumning ...Height to Top = 0.00 ft Footing Width = 0.00 ft b
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in !
Used for Sliding & Overturning Wall to Ftg CL Dist = 0.00ft
| Axial Load Applied to Stem i Footing Type . .
Base Above/Below Soii  _ ;
Axial Dead Load = 0.0 Ibs at Back of Wall = 0.0ft wd
Axial Live Load = 0.0 lbs ; , : -
Axial Load Eccentricty = 0.01in Polsson’s Ratio 0-300 -
| *“Design Summary I | Stem Construction ' TopStem __2nd ’
Stem OK Stem OK “p
Wall Stability Ratios Design Height Above Ftg  fi= 378 0.00
Overturning = 212 OK Wall Material Above "Ht* = Concrete Concrete .
Sliding = 1.31Ratio < 18!  Thickness = 1200  12.00 "
Rebar Size = # 5 # 7 il
Total Bearing Load = 8,237 lbs Rebar Spacing = 12.00 12.00
...resultant ecc. = 1210 in Rebar Placed at = Edge Edge
. Design Data Ll |
Soil Pressure @ Toe = 2,594 psf OK fb/FB + fa/Fa = 0.275 0.601 \
s‘:‘ﬂ"' sseure @Heel = 2 95: OK Total Force @ Section Ibs= 16953  4,320.2 it
owable = . ps =
Soil Pressure Less Than Allowable Moment... Actual g-#: 35318 14.464.9 #n
AC! Factored @ Toe - 2.829 psf Moment.....Allowable —g— 12,827.3 24,057.0
AC! Factored @ Heet = 46 psf Shear.....Actual ps‘1 = 14.9 38.0 wb
Footing Shear @ Toe = 10.4 psi OK Shear..... Allowable psi= 82.2 822
Footing Shear @ Heel = 250 psi OK Wall Weight psf= 1500 1500 on
Allowable N 822 psi Regaégspgg lg ABOVE !n-:‘ 2?:532 3322 :
Sliding Calcs (Vertical Component NOT Used) LA in= : : il
- LAP SPLICE IF BELOW in= 21.38
Lateral Sliding Force = 3,875.8 Ibs HOOK EMBED INTO FTG in = 13.42
less 100% Passive Force = - 330.8 Ibs M D n= ' "
less 100% Friction Force = - 4,866.1 ibs asonry Data " '
Added Force Req'd = 0.0 Ibs OK Fs psi= i
for1.5: 1 Stabilty = 766.8 Ibs NG Solid Grouting =
i.oad Factors . Speci?i Inspection = o
Building Code IBC 2003 Moduiar Ratic 'n = :
Dead {Load 1.200 Short Terrp Fagtor = wild
Live Load 1,600 Equiv. 5°§d T“‘;EK ~ =
Earth, H 1.400 Masonry Block Type = o
Wind. W 1.6C0 Concrete Data
na, | : fc psi= 30000  3,0000 w
Seismic, E 1.000 Fy psi= 60,000.0 60,0000
L
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TCPI Title : Wall”B” H =10 Seismic Page:

“* 436 Creamery Way, Suite 100 Job# . E-05129 Dsgnr: JJF Date: MAY 24,2005
Exton, Pa 19341 Description....
~+  Los Alamos Retaining Wall No. 1 Wall ‘B Height (H) =10'-0" Seismic EFP = 62 pcf

This Wall in File: C:\Program Files\RP2005\los alamos rw.r}

Retain Pro 2005 | 7-Apnl-2005, (¢} 1985-2005

www.retainpro.com/support for latest release  Cantilevered Retaining Wall Design Code: IBC 2003
we  Registration # : RP-1141385 2005001
“* | Footing Design Results ___J]
o Toe Heel

Factored Pressure = 2,829 46 psf
wa  MuUpward = 5,064 2,760 ft-3#
Mu' - Downward = 696 13,567 #-#
Mu: Design = 4,368 10,776 f-#

L Actual 1-Way Shear
Altow 1-Way Shear

10.43 24.98 psi . .
32.16 82.16 psi  Other Acceptable Sizes & Spacings

0n o n on

%4 Toe Reinforcing #5@9.00in Toe: Notreqd, Mu<S*Fr
Heel Reinforcing #5@ 12.00in Heel: #4@ 7.25 in, #5@ 11.25 in, #6@ 16.00 in, #7@ 21.75 in, #8@ 28.50 in, #9@ 36
s Key Reinforcing #5@ 18.00in Key:
«. . Summary of Overturning & Resisting Forces & Moments l
..... OVERTURNING..... «..RESISTING.....
i Force  Distance Moment Force Distance = Moment
Item _ lbs ft ft-# lbs ft f-#
i Heel Active Pressure = 4.099.8 3.83 15,7157 Soif Over Heel = 4,225.0 4.63 19,540.6
Toe Active Pressure = -1240 0.87 -82.7 Sioped Soil Over Hee! =
Surcharge Over Toe = Surcharge Over Heel =
Adjacent Footing Load = Adjacent Footing Load
o Added Lateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soil Over Toe = 130.0 1.00 130.0
B Surcharge Over Toe - '
StemWeightls) = 15000 250 3,750.0
o e B T Earth @ Stem Transitions _
Total = 3,875.8 TM = 15,633.0 i ;
° ° Footing Weight = 14063 313 43945
e Resisting/Overturning Ratio = 212 Key Weight = 225.0 250 562.5
e Vertical Loads used for Soil Pressure = 8,2366 Ibs Vert. Component F_... 7504 6.25 46899
Total = 8,236.6 lbs R.M.= 33,067.5

Vertical component of active pressure used for soil pressure

DESIGNER NOTES:

E



12.in Concw/ #5 @ 12.in o/c

12.in Conc W/ #7 @ 12.in ofc

#5@9.in
@Toe

Designer select
#5@12.n 41l horiz. reinf.
@ Heel See Appendix A
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TCPt

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Watl No. 1

Title
Job# : E-051
Description....

28

- Wall 'B* H= 10" Equipment Load

Dsgnr:  JJF

Date: MAY 25,2005

Page:

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

This Wall in File: C:\Program Files\RP2005\los alamos rw.r}

Retain Pro 2005 , 7-Apnl-2005, {c) 1989-2005
www.retainpro.comisupport for latest release
Registration # : RP-1141385 2005001

Cantilevered Retaining Wall Design

Code: IBC 2003

Criteria j J [SoilData

- Footing Dimensions & Strengths l

Retained Height = 1000% Allow Sail Bearing = 4,000.0 psf Toe Width = 2001t
Wall heiaht above soil = .00 ft Equivalent Fluid Pressure Method Heel Width = 425
al hedgr ) ) Heel Active Pressure = 51.0 psfift Total Footing Width = 8.25
Stope Behind Wall = 0.00:1 Toe Active Pressure =  51.0psfht Footing Thickness = 18.00in
Height of Soil over Toe = 6.00 in Passive Pressure = 54.0 psfift Kev Width _ 12,00
Water height over heel = 0.0ft Soil Density = 130.00 pef Key Dopth - 18.00in
Wind on S 0.0 osf goonnguSoﬂ Friction = 0850 Key Distance from Toe = 200f
ind on Stem = .0 psf oil height to ignore . .
: = o0 fc = 3,000 psi Fy = 60,000 psi
for passive pressure 0.0Gin Footing Concrete Density = 160.00 pcf
Min. As % = 0.0018
Cover@ Top = 2.00in @ Btm.= 3.00in
i Surcharge Loads { Lateral Load Applied to Stem I | Adjacent Footing Load '
Surcharge Over Heel = 0.0 psf Latera! Load = 0.0 #/ft Adjacent Footing Load = 2,000.0Ibs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 R Footing Width = 8.00 ft
Surcharge Over Toce = 0.0 psf ...Height to Bottorn = 0.00ft Eccentricity = 0.00 in
NOT Used for Sliding & Overturning Wall to Ftg CL Dist = 6.00f
| Axial Load Applied to Stem I Footing Type ,
Base Above/Below Soil  _ &
Axial Dead Load = 0.0 bs at Back of Wall = 0.0
Axial Live Load = 0.0 Ibs . . . -
Axial Load Eccentricity =  0.0in Poisson’s Ratio 0.300
| “Design Summary i Stem Construction l TopStem  2nd
Stem OK Stem OK
Wall Stability Ratios Design Height Above Fte  #t= 3.75 0.00
Overturning = 2.04 OK Wall Material Above "Ht" = Concrete  Concrete
Sliding = 1.32 Ratio < 1.5! Thickness = 12.00 12.00
Rebar Size = # 5 # 7
Total Bearing Load = 8,643 !bs Rebar Spacing = 12.00 12.00
...resultant ecc. = 12.69 in Rebar Placed at = Edge Edge
. Design Data
Soil Pressure @ Toe = 2,787 psf OK fo/FB + fa/Fa = 0.366 0.770
S‘fup'es;“’e @Heel = . 008 ps: OK Total Force @ Section fbs= 2.256.3  5260.5
owable = ) ps =
Soil Pressure Less Than Allowable moment....ﬁxtuai bl 2: B 1;‘625‘:; ;ig;?g
ACI Factored @ Toe = 3.094 psf oment..... lowable = .827. ,057.
ACI Factored @ Heel = 0 psf Shear.... Actual psi= 19.8 46.1
Footing Shear @ Toe = 11.5 psi OK Shear..... Allowable pssj 82.2 82.2
Footing Shear @ Hee! = 24.9 psi OK Wall Weight . pf.;f— 150.0 150.0
Alowable - 822 ps TP SPUCEEABOVE e 2138 3738
Sliding Calcs (Vertical Component NOT Used) LA n= 21 3.
L LAP SPLICE IF BELOW jn= 21.36
Lateral Sliding Force =  4,110.01lbs HOOK EMBED INTO ETG in = 13.42
less 100% Passive Force = - 330.8Ibs M Data n )
less 100% Friction Force = - 5,114.6 Ibs oy L& Py —
Added Force Req'd = 0.0 tbs OK Fs psi=
for1.5: 1 Stabifity = 719.7 ibs NG Solid Grouting =
Load Factors e Speciat 1nsp¢c}i9n i
Building Code 1BC 2003 Modular Ratio ‘n N
Dead Load 1200 Short Term Fa;tor :
Live Load 18060 EQUW. Sotid Thick. =
, Masonry Block Type =
Earth, H 1.600
Wind. W 1600 Concrete Data -
ma, | : fe psi=  3,000.0 30000
Seismic, E 1.000 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

Titte - Wall'B* H= 10"
Job# . E-05129
Description....

Equipment Load

Page:

Dsgnr. JJF Date: MAY 25,2005

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

This Wall in File: C:\Program Files\RP2005\los alamos rw.ry

Retain Pro 2005 , 7-Ap(i-2005, {C) 198¢-2005

www._retainpro.comisupport for latest release  Cantilevered Retaining Wall Design

Code: {BC 2003

Registration ¥ : RP-1141385 2005001
. Footing Design Results ]
Joe Heel
Factored Pressure = 3,094 0 psf
Mu' : Upward = 5,524 2,726 f-#
Mu' : Downward = 696 13,694 ft-#
Mu: Design = 4,828 10,964 ft-#

Actual 1-Way Shear 11.48 24.88 psi

Allow 1-Way Shear

82.16 82.16 psi  Other Acceptable Sizes & Spacings

Toe Reinforcing = #7@ .12.00 in Toe: Notreq'd Mu<S*Fr
Heel Reinforcing = #5@ 12.00in Heel: #4@ 7.25in, #5@ 11.25 in, #6@ 16.00 in, #7@ 21.75 in, #8@ 28.50 in, #3@ 36
Key Reinforcing = #5@ 18.00in Key:

Summary of Overturning & Resisting Forces & Moments

..... OVERTURNING.....
Force Distance Moment
tem o fbs ft -3
Heel Active Pressure = 3.3724 3.83 12,927.4
Toe Active Pressure = -102.0 0.67 -68.0
Surcharge Over Toe =
Adjacent Footing Load = 839.6 5.08 4261.4
Added Laterai Load =
Load @ Stem Above Soil =
Total = 41100 OTM. = 17,120.8
Resisting/Overturning Ratio = 204
Vertical Loads used for Soif Pressure = 86434 ibs

Vertical component of active pressure used for soil pressure

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

ibs ft ft-#
Soil Over Heel = 4,225.0 4.63 19,540.6
Sioped Soil Over Heei =
Surcharge Over Heel =
Adjacent Footing Load = 382.4 463 1.768.4
Axial Dead Load on Stem = 0.00
Soil Over Toe = 130.0 1.00 130.0
Surcharge Over Toe = )
Stem Weight(s) = 15000 2.50 3,750.0
Earth @ Stem Transitions _ '
Footing Weight = 14063 3.13 4,394.5
Key Weight = 225.0 2.50 562.5
Vert. Component = 774.8 6.25 48426

Total=  8643.4 bs RM.= 349886

DESIGNER NOTES:



12.in Conc wf #5 @ 12.in ofc

12.in Conc w/ #7 @ 12.in o/c

#7@12.in
@Toe

Designer select
#5@12.in it horiz. reinf.

@ Heet See Appendix A
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TCPl Standard Calculation Sheet 10fS
436 Creamery Way  Suite 100 Subjeci: Date: 5/31/2005 7:41 AM
Exion, PA 19341 Wall MK. 'B' Seismic wali B Seismic.mcd

610-524-5820

WALL Mark 'B' Seismic Loads

Definitions:

B = Width of Toe (feet) h wall = Height of Wall over base (feet)
C = Width of Heel (feet) tpase = thickness of Base (feet)

W = Width of Base (feet) Tyem = 1hickness of Stem (feet)

y = density of backfill (pcf)
density = 150 pcf
= Design equivalent fluid pressure (pcf), static condition.

YCOHCI'C[C

EFP

statc
EFP, ¢ = Design equivalent fluid pressure (pcf), Active Earth pressure under seismic
conditions..
¢ = Internial angle of friction of the soil.
& = Friction angle of s0il to concrete wall.
K, = Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B'

Wall Mk. 'B' Data:

B:= 2.0 (feet) hyall = 10.0 (feet) tstern := 1.00 (feet)
C := 3.25 (feet) W= 6.25 (feet) thase = 1.50 (feet)
Seil Data:  y:= 130 (pcf) § = 22-deg ¢ = 32-deg

EFPguic:= 46 (pcf)

B SStem C
P

EFPAR = 62 . (pcf)

Kp = 0.09

4]

= v Base

J W N

N ™~

WALL STABILITY ANALYSIS
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TCP1 Standard Calculation Sheet 20f9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:.41 AM
Exton, PA 19341 Wall Mk. 'B’ Seismic Wall B Seismic.mcd

610-524-5920

Weights: (kips.per foot)

Wtem = (0.150)-hyalitstem Wsiem = 1.500

Whase == (0.150) W-thase  Wpase = 1.406

Wit 12 ———— Wi = 4.225
soil 1000 sotl
H:= hyall + thase H=11.35 (feet)
B+t2 !
N
| w2
W-C2
Stabilizing Forces
Driving Forces:
1 2
(EFPggasic) = (H)
Por o= d Pgr = 3.042 (kips)
ST 1000 ST
1 2
(FPag) -0
Poprime —mo Per = 4.1 {kips
SE 1000 SE (kips)
AP| = Pgg ~ P AP| = 1.058 (kips)
, 2
Kp-y-(H) .
APy iz e APy = 1.547 (kips)

1000

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

AP = max(a) AP = 1.547 {kips)




TCP1 Standard Calculation Sheet 30f9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 19341 Wall Mk. '‘B' Seismic Wail B Seismic.mcd
610-524-5920

Driving Forces and Moments about the Toe:

L \

Earth Seismic

Pressure Load
Distribution Distribution

Horizontal Driving Force (HDF) is the sum of P_, and AP in the horizontal direction:

HDF := (PsT + AP)-cos(8) HDF = 4.255 (kips)
Driving Moment (M) is the sum of the driving moments about the Toe.

Mg := (Ps1-0.333-H)-cos(8) + (aP-0.6-H)-cos(8) Mg=20699  (f-kips)

Resisting Forces and Moments about the Toe:

Resisting Forces (RF) neglecting passive pressure, a conservative analysis:
RF := tan(6 }(Wetern + Whase + Weoif + Psr-sin(8) + AP-sin(3))

RF = 5.53 (kips)
"Factor of Safety" against sliding is the ratio of RF to HDF

RF
HDF

-

Ratiogjiding := Ratiogliging = 1.3
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436 Creamery Way  Suite 100 Subject:
Exton, PA 19341 ’ Wall Mk. 'B' Seismic

610-524-5920

TCPI Standard Calculation Sheet

40f9

Date: 5/31/2005 7:41 AM

Wall B Seismic.mcd

Resisting Moments about the Toe M _:

W

M, = 39.18 (ft-kips)
"Factor of Safety” against overturning the ratio of M_to M,

M,
Ratiogy == —

RatiogT = 1.893
Mg oT

Calculate Soil Bearing Pressurs:

Net Moment: AM = M - My AM = 18.48

AM
(Wstcm + Whase + Weoil + PST-sin(S) + AP-sin(ﬁ))

X =
R := (Wslem + Whase + Wil + PST-sin(ﬁ) + AP‘Sih((S))

Eccentricity (e): e=—-X  e=1.037 (feet)

vz

w
Eccentricity := | "OK Within Middle Third” if e < -é—

"Non in Middle one-third" otherwise

Eccentricity = "OK Within Middle Third"

R

SPy = --(1 .2 SPy = 1.651
wi o w
R/ e

SPpi= — 1 - =1 SP) = 1.181
W W/

. 3\ - C : AP
M= Woren(B + tstem) + wbﬂse-( > ) wm.{w - 7} + (Pst + AP)-W-sin(5)
N < ~

(fi-kips)

X =2.088
R = 8.85

WI

— = 1.042

6

Minimum Soil Pearing Pressure (kips/fi? )

(feet)

Maximum Soil Pearing Pressure (kips/fi2 )




TCP1 Standard Calculation Sheet 50f9
436 Creamery Way  Suite 100 Subject: Date: 5/31/20056 7:41 AM
Exton, PA 19341 Wall Mk, 'B" Seismic Wall B Seismi¢c.med

610-524-5920

Concrete Design:

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 Lr” = 1.6 Ui: =10

Ryl = {Upt-Wstem + UDL-Whase + UE-Wsoit + Ug-Ps-sin(8) + Ug-AP-sin(3))

Mg uti = U] (Pst-0.333-H)-cos(8) + (aP-0.6-1)-cos(5)]

N Vi owe (WY, e
My ult_1 = UpL-Wstem(B + tstem) + bDL‘“"basc‘[';) + L’DL‘Wsoii'(W - :)

Mran 2= UDL'[(?ST + AP)~W~sin(6)]

M ule= Mp ui_ 1 + Mrun 2

Net Ultimate Moment:  AM ;= My ur = Mg uit AMyp = 26.316 (ft-kips)
AMyj . -
Xt = Xult =2.79 (feet)
(Rult)
Ry = 9.432 (kips)
- - W W \
Eccentricity (e): eult == — = Xujg ey = 0.335 (feet) i 1.042 (feet)
-  Within M Caw w
Eccentricity ;= | "OK Within Middle Third" if ey < ~6—
"Non in Middle one-third” otherwise
Eccentricity = "OK  Within Middle Third"
ult | gt | . - N, 7 G
SPy ui = _::_"; 1+ —\%— } SPy i = 1.59 Maximum Soil Pearing Pressure (kips/ft? )
. v L ;) -
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TCPI Standard Calculation Sheet 60fG
436 Creamery Way  Suife 100 Subject: Date: 5/31/2005 741 AM
Exton, PA 19341 Wall Mk. 'B' Seismic Wall B Seismic.med

610-524-5920

Ryt eult\

SPy up= ——-§ 1 - ) SPy g1 = 1.428 Minimum Soil Pearing Pressure
WAoo (kips/fe2)
ASPy = SP2 yit — SP1_uit ASPy = 0.162 (kips/fi?)
SP
3 s
SP2 < SP*l
- Sp
~ £

Pressure Diagram - Toe & Heel

Soil Pressure at Front Face of Stem:

ASPU]{ R
SP3 yiti= SPy yp - W -(B) SP3 yie = 1.538 (ksf)
Soil Pressure at Rear Face of Stem:

ASP I
SP4 yl:= SP2 yi - Wu (B + tyem)  SP4_yie = 1.512 (ksf)

Moment at Front Face of Stem:

o~
@
o]
!
@)
[l
-~
o
<@
=
s
g
2
(a1

B> 1B [
Mige == SP3_yie-= + (SP2_uit - SP3~”“)‘%—'\

Mige = 2.605 {ft-kips}




TCPI Standard Calculation Sheet 70f9
436 Creamery Way  Suite 100 Subject; Date: 53172005 7:41 AM
Exton, PA 19341 Wall MK. 'B’ Seismic Wall B Seismic.mcd

610-524-5920

Concrete Data:

fo= 3 ksi fy = 60 ksi My, = Myge ft-kips

1l

b:=12 inches di=(12)tpgse -4  d=14  inches b= 0.90

A calculation is from CRSI Handbook

. 2
A 1.7-Febd 1 [289{fcb-d)”  68fcb-Myl2
s_required -= _";‘f—"" -5 5 - 5
SRS B (9 br(5)
Asg required
AS_required = (.041 Inches? p = _...:i_..’;_.é...__.. p = 0.0002
Shear in Toe:
Soil Pressure at d from front face:
ASP i d _
SP31 wit:= SP2 uit — 4B~—1 SP3; u=1568  (ksf)
- - W 12 ~
d i d
v = . B — — $ —_— of = 1. — —
toe Sp3lwu]t( ]2) + (SP2_uh SPBI_UII) (2) (B 12)
Vige = 1.316 (kips/foot)
0.75-12-d-(2)-JF 1000 i
$Vy = C ¢Vy = 13.803 (kips/foot)
1000
Moment at Rear Face of Siem in the Heel:
2 70N 4 "\]
on . L (©) (1Y o c”
Mheet = SPy_wir—- + (5P4,_u1r - SPl_ulr)“’;‘"(\g}‘C = UpL(0-150) thase| = }

Mpeel = 6.265 (ft-kips) Let: My = Mpeel

wif

my
will
»n

my

"1 §

Ll }

"y
ﬁi’:
,m!

il

i!t’

i

iy

Wil

L. ]

‘!1!
wil
.m!
mi

=

it

L]

il



B

TCPI Standard Calculation Sheet

436 Creamery Way  Suite 100 Subject:
Exton, PA 19341 Wall Mk. ‘B Seismic

610-524-5920

Bofg
Date: 5/31/2005 7:41 AM
Walf 8 Seismic.mcd

A, calculation is from CRSI Handbook

170cbd  p |289(Febd)’ 68fcbM, 12

A required :=

2-f, 2! c N2 N2
’ { (fy) or{fy)
A i = 0.1 lnchesl e m = 0.0006
As_required = V- p = P p = 0.
Shear in Hell:
Soil Pressure at d from front rear face of stem:
ASPyj¢ d
SP4y ulti= SPy_yn + — 4 C-— SP41 up = 1.482 (ksf)
- - W 12 -
; d 1 d
Vheel = SPLult‘(C - _15) +(SP4y_un - SPl_ult)'(E)'(C - E)
0.75-12-d-(2)-\/f' -1000 .
$Vp:= - ¢V, = 13.803 (kips/foot)

1000

Moments in Stem:

Driving Forces:

| 12
(EFps!atic)‘: '(h wa)l)
S = PgT =123 (kips)
ST 1000 ST '
. N 2
(\E* P\F) 3 '(hwail)
Pep = - Pgp = 3.1 (kips)

1000

APy = Pgp ~ Pyt AP} =038 (kips)

i




TCPI Standard Calcutation Sheet 90of9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 19341 Wall Mk. ‘B' Seismic Watl B Seismic.mco
610-524-5920

/ 3
TR | . 2
APy = Koy ()

: APy = 1.17 (kips)
- 1000 P

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

APy

[AP; 3 .
Let: A:= J AP = max(A) AP =117 (kips)

Mgtem = UE-[(PS';-~COS(5)-0.333hwau) + (AP-0.600-hyq)]

Mgiem = 14.121 (ft-kips) Let: My = Mgtem d = 2tgem — 3.0
A, calculation is from CRSI Handbook d=9  (inches)
1.7f.bd 2.89-(fc-b-d)2 6.8-Fb-My12
As_required == ~ 0 5 ) - "
g (%) or(5)
" 2 As_required
As required = 0-363 Inches e p = 0.0034

12-d

~a
il

"y
iid
"y
ﬁi‘
e
w
b
wik
"
sk

"y

il

wil
"’!
P
1y
iﬁli
"
.lé

"

‘m!
wil
umi
Q!!
lﬁii
)

™



WALL MK. ‘C

Loading Case Overturning Sliding Maximum | Controlling Case Remarks
Ratio Ratio Soil for Strength
Bearing Design
Pressure
Normal - ’
2.¢0 (47 | 2920
Seismic 1 -
7. /3 4.28 | 3532
Compaction Equipment 5. 03 ) g4 o L
Seismic 2 ) ,
/.82 | /.29 | 2335
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TCPIL
436 Creamery Way, Suite 100
Exfon, Pa 18341

Los Alamos Retaining Wall No. 1

Title - Wall'C" H
Job # . E-05129
Description....

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

This Wall in File: C:\Program Files\RP2005\los alamos rw.r;

=15" Normaf
Dsgnr:

JJF

Page:
Date: MAY 24,2005

Retain Pro 2005 , 7-Apnil-2005, {c} 1686-2005

www.retainpro.com/support for latest release

Cantilevered Retaining Wall Design

Code: IBC 2003

Registration ¥ : RP-1141385 2005001
|Criteria “l |Soil Data | Footing Dimensions & Strengths l
Retained Height = 15.00 ft Aliow Soil Bearing = 4,000.0 psf Toe Wiqm = 3.00#
Wall height above soif = 0.00 # Equivalent Fluid Pressure Method Heel Width = 6.25
ali neight abo ¢ : Heel Active Pressure = 51.0psfift Total Footing Width = 925
Siope Behind Wall = 0.00:1 Toe Active Pressure = 51.0psifft Footing Thickness = 21.00n
Height of Soit over Toe = 6.00in Passive Pressure = 54.0 psfft Key Width ~ 00
Water height over heei = 00t Soil Density = 130.00 pcf Key Dopti Rl
Footing}|Soil Friction = 0.650 Key Distance from Toe = 3:00 ft
Wind on Stem = 0.0 psf Soil height to ignore ) .
t P - 00i fc = 3,000 psi Fy = 60,000 psi
Of passive pressure 0.00in Footing Concrete Density = 150.00 pef
Min. As % = 0.0018
Cover@ Top = 200in @Bim= 3.00in
! Surcharge Loads [ Lateral Load Applied to Stem ' { Adjacent Footing Load l
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.01bs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Used for Sliding & Overturning Wall to Ftg CL Dist = 0.00 &
! Axial Load Apglied to Stem I Footing Type .
h Base Above/Below Soil
Axial Dead Load = 0.0 Ibs at Back of Wall = 0.0ft
Axial Live Load = 0.0 lbs : . . =
Axial Load Eccentricity = 0.0in Poisson's Ratio 0.300
| *Design Summary | Stem Construction | fcestem  2nd 3rd_
Stem OK Stem OK Stem OK
Wall Stabiliity Ratios Design Height Above Fte ft= 10.00 3.75 0.00
Overturning = 2.60 OK Wall Material Above "Ht* = Concrete Concrete  Concrete
Sliding -= 149Ratio <1.5!  Thickness = 15.00 15.00 15.00
Rebar Size = # 7 # 7 # 9
Total Bearing Load = 17,111 Ibs Rebar Spacing = 18.00 S.00 9.00
-.-resultant ecc. = 10.68 in Rebar Placed at = Edge Edge Edge
) Design Data
Soil Pressure @ Toe = 2,918 psf OK fb/FB + fa/Fa = 0.08% 0.480 0.716
S‘:'”p ’es;“'e @Heel = 4 ggg ps: OK Total Force @ Section Ibs= 1,0200 51638  9,169.8
owable = ) ps -
Soil Pressure Less Than Aliowable :A/Ioment.n./:(::ual ble gj_ zggggg lgg?‘,{::) geggg
ACIFactored @ Toe = 3,165 psf oment.... Allowa b= 20,892. 368 133,
ACl Factored @ Heel = 848 psf Shear.... Actual psi= 71 359 63.7
Footing Shear @ Toe = 18.7 psi OK Shear..... Altowable psni 82.2 822 822
Footing Shear @ Heel = 384 psi OK Wall Weight . p§f = 187.5 187.5 187.5
Allowable = 822ps Rebar Depth @ n= 1200 1200 1200
Sliding Calcs (Vertical Component NOT Used) LAP SPLI BOVE = 37.38 : 48.
L LAP SPLICE IF BELOW in= 37.38 37.38
Lateral Sliding Force = 7,025.3 lbs HOOK EMBED INTO FTG in = 17.25
less 100% Passive Force = - 379.7 Ibs " D n :
less 100% Friction Force = - 10,053.5 lbs lasonry Data P
Added Force Req'd = 0.0 bs OK Fs psi=
..for 1.5: 1 Stability = 104.7 Ibs NG Solid Grouting =
Load Factors Special lnspfac‘tic'm i
Building Code 1BC 2003 Modular Ratio 'n =
Dead Load 1.200 Short Term Factor =
Live Load 1.600 Fauiv. Sofid Thick. =
Earth, H 1.600 asonry Biock Type =
Wind. W 1,600 Concrete Data .
ine. - fe psi= 30000 30006 30000
Seismic, E 1.600 Fy psi= 60.000.0 60,0000 60,000.0
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TCPI Title - Wall'C' H=15' Normal Page:
ii 436 Creamery Way, Suite 100 Job# - E-05129 Dsgnr: JJF Date: MAY 24,2005

Exton, Pa 19341 Description...
#+  Los Alamos Retaining Wall No. 1 Wall 'C* Height 'H' = 16-0" Normal Loads EFP =51 pcf

This Wall in File: C:\Program Files\RP2005\os alamos rw.iy

Retain Pro 2005 | 7-April- 2005, {c) 1985-2005 . L. .
www.retainpro.com/support for latest release  Cantilevered Retaining Wall Design Code: IBC 2003
w  Registration # ; RP-1141385 2005001

s é__FOOting Design Results l

Toe Heel
3,165 848 psf

Factored Pressure

. My’ Upward = 13,115 15,819 fi-#
Mu' : Dewnward = 1,769 46,337 fi-#
Mu: Design = 11,347 30,518 ft-#

18.74 38.44 psi

e Actuat 1-Way Shear ) )
82.16 82.16 psi  Other Acceptable Sizes & Spacings

Allow 1-Way Shear

L Toe Reinforcing = #5@31.75in 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@ 14.001in Heel: #4@ 5.00 in, #5@ 7.50 in, #6@ 10.75 in, #7@ 14.50 in, #8@ 19.25 in, #9@ 24.

gt Key Reinforcing = None Spec'd Key:
{ - - o

w. i Summary of Overturning & Resisting Forces & Moments |

w...OVERTURNING.... . RESISTING.....
. Force Distance Moment Force Distance  Moment
) tem Ibs ft ft-# ibs ft ft-#

- Heel Active Pressure = 7,154.3 558 39,945.1 Soil Over Heel = 9,750.0 6.75 65,8125

Toe Active Pressure -129.1 0.75 -96.8 Sloped Soil OverHee! =

[T}

Surcharge Over Heel =
Adjacent FootingLoad =

Surcharge Over Toe
Adjacent Footing Load

e

1}

B Added Lateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soif Over Toe = 195.0 1.50 202.5
win Surcharge Over Toe =
Stem Weight(s) = 28125 363 10,1953
i e —— - Earth @ Stem Transitions _ T ’ T
Total = 7,025.3 TM = 38,848.3 ; i
° o Footing Weight = 24281 463 11,230.1
L Resisting/Overturning Ratio = 2.60 cei Véetght * = 2813 363 1.019.5
o Vertical Loads used for Soil Pressure = 17,1106 Ibs er. Lompenen = 1,643.7 925 152045
Total = 17,1106 Ibs R.M.= 103,754.4

Vertical component of active pressure used for soil pressure

DESIGNER NOTES:



15.in Conc w/ #7 @ 18.in ofc S o wi
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50"
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15.in Conc w/ #7 @ 9.in o/c
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15.in Conc w/ #3 @ 9.in olc
"y

15.in Conc w/ #9 @ S.in o/c
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2 "

6T

E.

| L]
#3@31.75in i

@Toe

. I 3 ")
Designer select ) ;
#5@14.in aif horiz. reinf. | ! i

@ Heel See Appendix A
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TCP1

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wall No. 1

Title - Wall'C' H= 15" Seismic
: E-05128
Description....

Wall 'C’

Job #

This Wall in File: C:\Program Files\RP2005\los alamos rw.rj

Dsgnr:

Page:

Date: MAY 25,2005

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

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

 Criteria J Soil Data

Retained Height = 15.00 &
Wall height above soil = 0.00ft
Slope Behind Wall = 0.00: 1
Height of Soil over Toe = 6.00 in
Water height over heel = COft
Wind on Stem = 0.0 psf

Allow Soil Bearing
Equivalent Fluid Pressure Method

Heel Active Pressure = 62.0 psfrft
Toe Active Pressure = 62.0 psfift
Passive Pressure = 54.0 psf/ft
Soil Density = 130.00 pcf
Footing}|Sail Friction = (0.650
Soil height to ignore

for passive pressure = 0.00in

= 5,000.0 psf

3.000 psi

Footing Concrete Density
Min. As %
Cover@ Top =

on ooy

1t au

| Footing Dimensions & Strengths l
Toe Width
Heel Width
Total Footing Width

Footing Thickness
Key Width
Key Depth
Key Distance from Toe

3.00 %

21.00in

15.00in
18.00in
3.00ft

60,000 psi
150.00 pcf
0.0018

200in @Btm= 3.00in

| Surcharge Loads

_ Lateral Load Applied to Stem l

| Adjacent Footing Load

Surcharge Over Heel = o0.0psf Lateral Load = 0.0 #t Adjacent Footing Load = 0.01lbs
Used To Resist Sliding & Overturning ...Height to Top = 0.00f Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf _..Height to Bottom = 0.00 # Eccentricity = 0.00 in
Used for Sliding & Overturning Wall to Ftg CL Dist = 0.00 ft
. Axial Load Applied to Stem ll Footing Type _
Base Above/Below Soit
Axial Dead Load = 0.0 lbs at Back of Wail 0.0t
Axial Live Load = 0.0 Ibs ; ) ; =
Axial Load Eccentricity = 0.0in Poisson’s Ratio h 0.300
. *Design Summary Stem Construction l 2nd 3rd
. Stem OK Stem OK
Walf Stability Ratios _ Design Height Above Ftg  fi= 3.75 0.00
Overturning = 2.13 OK Wall Material Above "Ht' = Concrete  Concrete
Stiding = 1.22 Ratio < 1.5! Thickness = 15.00 15.00
Rebar Size = # 7 # 9
Total Bearing Load = 17,059 Ibs Rebar Spacing = 9.00 9.00
...resultant ecc. = 16.93 in Rebar Placed at = Edge Edge
. Design Data
SO!! Pressure @ Toe = 3.532 psf OK fo/FB + fa/Fa = 0.510 0.761
Soil Pressure @ Heel = . ;gg psf OK Total Force @ Section  Ibs = 54928 97542
Allowable e ire Less Than Allowable - Moment... Actual frt = 20,5980 48,8232
AC! Factored @ Toe = 3,843 psf bSAoment../.\..AHo;mzble ﬁ#i 40,368.0 64,133.:73
ACl Factored @ Heel = 170 psf hear.... Actua psi= 38.1 67.
Footing Shear @ Toe = 23.0 psi OK ?Ai/\ea:l.g..fd:‘owab!e psfn: 8?'2 183‘2
Footing Shear @ Hee! = 45.1 psi OK all Weight ) psi= 187.5 87.5
Atiowable = 82.2 psi Rebar Depth 'd in= 12.00 12.00
Sliding Calcs (Vertical Component NOT Used) 3:: ggt:gg :E_ ggﬁg\ﬁl !n : g;gg 48.06
Lateral Sliding Force = 8,540.5 Ibs HOOK EMBED INTO FTG in = ‘ 17.95
less 100% Passive Force = - 379.7 Ibs " Data n ‘
less 100% Friction Force = - 10,053.5 lbs Ty e psic
Added Force Req'd = 0.0 Ibs OK Fs psi=
.for1.5:1Stability =  2,377.6 Ibs NG Solid Grouting =
Load Factors Special Inspection =
Building Code {BC 2003 g’:d:;?r Rat‘i:o ; =
Dead Load 1.200 aft 1erm actor =
Live Load 1.600 EQUN. Sotid Thick. =
Earth. H 1400 Masonry Block Type =
. o Concrete Data _—
Wind, W 1.600 fe psi= 30000  3.0000
Seismic, £ 1.000 Fy psi= 60.000.0 60,000.0 60,0000
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TCPt

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wali No. 1

Title - Wall'C' H= 15" Seismic

Job # - E-05129
Description....

Dsgnr:  JJF

D

Page:
ate: MAY 25,2005

Wall 'C' Height (H} = 157-0" Seismic Load, EFP =61pcf

This Wall in File: C:\Program Files\RP2005\los alamos rw.r;

Retain Pro 2005 | 7 -Aprit-2905, {c) 1989-2005

www.retainpro.comisupport for latest refease  Cantilevered Retaining Wall Design

Code: IBC 2003

Registration # : RP-1141385 2005001
| Footing Design Results l
Toe Heel

Factored Pressure 3,843 170 psf

Mu' : Upward = 15,505 10,401 ft-#
Mu' - Downward = 1,769 45 923 4
Mu: Design = 13,737 35,521 ft-#

Actual 1-Way Shear
Allow 1-Way Shear

22.98 45.08 pst

T | TR 1]

82.16 82.16 psi  Other Acceptable Sizes & Spacings

Toe Reinforcing #5@ 15.00in 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@ 14.00in 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 Reinforcing None Spec'd Key:

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

Force Distance Moment Force Distance  Moment
item o lbs ft ft-# bs ft fi-#
Heel Active Pressure = 8,697.4 5.58 48,560.7 Soil Over Heel 9,750.0 6.75 65,812.5
Toe Active Pressure = -156.9 0.75 -117.7 Sloped Soil Over Heei =
Surcharge Over Toe = Surcharge Over Heel =
Adjacent Footing Load = Adjacent Footing Load =
Added L ateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soit = Soil Over Toe = 195.0 1.50 202.5

Surcharge Over Toe . '
Stem Weights) - 53125 3.63 10,195.3
e [P Earth @ Stem Transitions
Total = 8,540.5 OTM. = 48,4430 i i
° 3 Footing Weight = 24281 463 11,230.1
Resisting/Overturning Ratio = 213 Key Weight = 281.3 363 1.019.5
. . - Vert. Component =
Vertical Loads used for Soil Pressure = 17,058.8 Ibs = 1.591.9 925 147251
Total = 17.058.8 lbs RM.= 103,275.0

Vertical component of active pressure used for soil pressure

DESIGNER NOTES:




15.in Conc w/ #7 @ 18.in ofc S b

50"

15.in Conc W/ #7 @ 9.in oic
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Designer select
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@ Heei See Appendix A }
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TCPI
436 Creamery Way, Suite 100
Exton, Pa 18341

Los Alamos Retaining Wall No. 1

Titte . Wall'C' H=15" Equipment
Job# - E-05129 Dsgnr  JJF

Description....
Wall "C" Height (H) = 15'-0" Equipment Load EFP =48

This Wall in File: C:\Program Fites\RP2005\los alamos rw.r}

Date: MAY 25,2005

Retain Pro 2005 , 7.Apri-2G05, (c} 188%-2005
www . retainpro.com/support for latest release

Cantilevered Retaining Wall Design

Code: 1BC 2003

Registration # : RP-1141385 2005001
Criteria ' l | Soil Data | Footing Dimensions & Strengths I
Retained Height = 15.00 ft Atiow Soif Bearing = 5,000.0 psf Toe Width =
. L Equivalent Fluid Pressure Method Heel Width =
Wall height above sail = 0.0 Heel Active Pressure =  460psfit  TotalFooting Width =
Slope Behind Wall = 0.00 : 1 Toe Active Pressure = 48.0 psfrit Footing Thickness =
Height of Soil over Toe = 6.00in Passive Pressure = 54.0 psiitt I R
Water height over heel = 00ft Soil Density = 130.00 pef ﬁgz \éV;gt:’: =
‘ Footmgl}So:l Friction = 0650 Key Distance from Toe = =
Wind on Stem = 0.0 psf Soil height to ignore _ .
for passive pressure =  0.00in fc = 3.000psi  Fy

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

@ Btm.= 3.00 in

[ Surcharge Loads I | Lateral Load Applied to Stem ' | Adjacent Footing Load I

Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/& Adjacent Footing Load =
Used To Resist Sliding & Overturning ...Height to Top = 0.00 f Footing Width =
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00ft Eccentricity =
Used for Sliding & Qvertuming Wall to Ftg CL Dist =
| Axial Load Applied to Stem i Footing Type ,
Base Above/Below Soil  _
Axial Dead Load = 0.01lbs at Back of Wall =
Axial Live Load = 0.01bs . . : =
Axial Load Eccentricity = 0.0 in Poisson's Ratio =
| *Design Summary : Stem Construction l TopStem __ 2nd 3rd
k Stem OK Stem OK Stem OK
Wall Stability Ratios Design Height Above Ftc  fi= 10.00 3.75 0.00
Overturning 2.03 OK Wall Material Above "HI" = Concrete Concrete Concrete
Sliding = 1.46 Ratio < 1.8!  Thickness = 15.00 15.00 15.00
Rebar Size = # 7 # 7 # 9
Total Bearing Load = 15,955 !bs Rebar Spacing = 18.00 9.00 9.00
...resuitant ecc. = 2045 in Rebar Placed at = Edge Edge Edge
. Design Data
SO!{ Pressure @ Tae = 3,641 psf OK b/FB + fa/Fa = 0.106 0.593 0.833
Soil Pressure @ Heel - = o psTOK Total Force @ Section b= 1370.8 59776  9,866.1
Ao essure Less Than Allow ab,ePSf Moment.._Actual fi#= 22119 239507 53,398.9
ACI Factored @ Toe = 4,414 psf Moment... Allowable  ft#= 20,8920 40,368.0 64,1333
AC! Factored @ Heel = "0 psf Shear.... Actual psi= 9.5 415 68.5
Footing Shear @ Toe = 26.5 psi OK Shear..... f\t:owab!e psz*:‘ 822 822 822
Footing Shear @ Heel = 36.7 psi OK Wall Weight p§f— 187.5 187.5 187.5
Allowable = 82.2 pSi Rebar Depth *d’ in= 12.00 12.00 12.00
Sliding Calcs (Vertical Component NOT Used) t:g gg::llgg :g Qgeg\i m: g;g: g;gg 48.06
Lateral Sliding Force = 7,387.11bs HOOK EMBED INTO FTG jn = ' ' 17.25
jess 100% Passive Force = - 379.7 Ibs M Data n :
less 100% Friction Force = - 10,370.5 Ibs ooy B e
Added Force Req'd = 0.0 Ibs OK Fs psi=
Lfor1.5: 1 Stability = 330.4 s NG Sclid Grouting =
Load Factors - Special Inspgc}i?n =
Building Code IBC 2003 Modutar Ratio n =
Dead Load 1.200 Short Term Factor =
tive Load 1.800 EQUIV. Solid Thick. =
Earth H 1 600 Masonry Block Type =
Wi W L 5 Concrete Data -
ind, 1.600 fc psi= 30000 30000 30000
Seismic, E 1.000 Fy psi= £0,000.0 60.000.0 60.000.0

"y
oil

vy
i

"
ul

re
"
ul
il

ﬂ!

]

a4

L1



TCPI Title : Wall'C' H=15"' Equipment Page:
436 Creamery Way, Suite 100 Job # : E-05129 DOsgnr. JJF Datel. MAY 25,2005

Exton, Pa 19341 Description.... )
*  {os Alamos Retaining Wall No. 1 Wall "C" Height (H) = 15'-0" Equipment Load EFP =46

-

This Wall in File: C:\Program Files\RP2005\los alamos rw.r}

i

Retain Pro 2008 | 7-Apri-2005, {c; 1969-2005

www.retainpro.com/support for latest release  Cantilevered Retaining Wall Design Code: IBC 2003

e Registration # : RP-1141338% 2005001
" | Footing Design Results ]
# Toe Heel

Factored Pressure = 4414 0 psf
Mu' : Upward = 17597 7.718 fi-#

Mu' - Downward = 1,769 33.188 ®t-#

Mu: Design = 15,828 25 470 fi-#

Actual 1-Way Shear
Allow 1-Way Shear

26.48 36.69 psi ) .
82.16 82.16 psi  Other Acceptable Sizes & Spacings

- Toe Reinforcing = #9@31.75in 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@ 14.00in Heel: #4@ 6.00 in, #5@ 9.00 in, #6@ 13.00 in, #7@ 17.50 in, #8@ 23.00 in, #9@ 29.
»e Key Reinforcing = None Spec'd Key:
- | Summary of Overturning & Resisting Forces & Moments l
..... OVERTURNING..... ....RESISTING.....
Force Distance Moment Force Distance Moment
item . bs ft ft-# lbs ft ft-#
o Heel Active Pressure = 6.452.9 5.58 36.028.9 Soii Over Heel = 9,750.0 6.75 65,812.5
Toe Active Pressure = -116.4 0.75 -87.3 Sloped Soil Over Heel =
Surcharge Over Toe = Surcharge Over Heel =
Adjacent Footing Load = 1,050.6 8.85 9.296.0 Adjacent Footing Load = 487.8 8.75 3,292.7
i Added Lateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soil Over Toe - 185.0 1.50 292.5
Surcharge Over Toe = ’
. StemWeights) - 53125 363 10,195.3
e _—_— B — Earth @ Stem Transitions _
1 = .387.1 TM. = 452376 i i
) Tota 73871 OTM ' Footing Weight = 24281 463 11,230.1
K Resisting/Overturning Ratio = 203 Key Weight = 2813 3.63 1.019.5
Vertical Loads used for Soil Pressure = 15,954.7 bs Vert. Component I e
Total =  15854.7 ibs R.M.= 91,842.6

Vertical component of active pressure NOT used for soil pressure

w  DESIGNER NOTES:
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15.in Conc w/ #7 @ 18.in o/c

5.0
15.in Conc w/ #7 @ S.in ofc
!
15-0"; 150"
6-3"
15.in Conc w/ #3 @ 9.in olc r
Y
3-9"
Y y L
= 1
- 1:'91-
-y,f;m»“ 2 5 jl 3" }L
#9@31.75in i L
@Toe -6
) Designer select 1
#5@14.in )l horiz. reinf.
@ Heel See Appendix A
3o 5.0
3-0" 6'-3"
BBl e e e e A et —-F
- 9-3" -
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TCPI Standard Calculation Sheet 10of8
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:40 AM
Exton, PA 19341 Wall Mk.'C’ Seismic Walf C Seismic.mcd

610-524-5920

WALL Mark 'C' Seismic Loads
Definitions:
B = Width of Toe (feet) h wall = Height of Wall over base (feet)
C = Width of Heel (feet) tce = thickness of Base (feet)

W = Width of Base (feet) = Thickness of Stem (feet)

vy = density of backfill (pcf)
density = 150 pcf
= Design equivalent fluid pressure (pcf), static condition.

tstcm

YCO!’ICR‘?(C
EF Pstatic
EFP . = Design equivalent fluid pressure (pcf), Active Earth pressure under seismic

conditions..
¢ = Internial angle of friction of the soil.
& = Friction angle of soil to concrete wall.
K, = Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B’

Wall Mk. 'C' Data:

B:=3.0 (feet) hyall = 15.0 (feet) totem = 1.25 (feet)
C:=50 (feet) W= 925 (feet) tpase = 1.75 (feet)

Soil Data:  y:= 130 (pcf) 8= 22-deg ¢ := 32-deg

EFPyatic = 46 (pcf)

EFPAp = 62 (pcf)

K, = 0.09

hWall -

J W S
WALL STABILITY ANALYSIS
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Exton, PA 19341
_6 10-524-5920

436 Creamery Way  Suite 100

Standard Calculation Sheet
Subject:
Wali Mk. 'C' Seismic

20f9
Date: 5/31/2005 7:40 AM
Wall C Seismic.mcd

o B+t2 I

W2

W-Ci2

N

Stabilizing Forces

Driving Forces:

] 2
(EFPstatic)"; '(H)ﬁ

Pgr:=
ST 1000
, 1. 2
(EFPAE)-—-(H)
Pors 1= e
SE 1000
APy = Pgg - Pgt
_ 2
Kp-y-(H)
APy 12—
1000

AP = max’(.ﬁ)

Weights:

Weoil 1=

1000

H = hyall + thase

Pt = 6.453 (kips)
Psg = 8.697 (kips)
APy =2244 (kips)
APy = 3283 (kips)

AP =3.283

Whase := (0.150)- W-tpace

Y-huwatt C

(kips.per foot}

Wtem = (0.150)-hyati tstem Wem = 2.813

Whase = 2428

Weoit = 9.75

H=16.75 (feet)

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

(kips)




TCPH Standard Calculation Sheet 30f9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:40 AM
Exton, PA 19341 Wall Mk. 'C' Seismic Wall C Seismic.mcd

610-524-5920

Driving Forces and Moments about the Toe:

Earth Seismic

Pressure Load
Distribution Distribution

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

HDF := (PsT + AP)-cos(3) HDF = 9.027 (kips)
Driving Moment (M) is the sum of the driving moments about the Toe.

Mg := (Ps7-0.333-H)-cos(8) + (aP-0.6.H)-cos(8) Mg=6396  (ftkips)

Resisting Forces and Moments about the Toe:

Resisting Forces (RF) neglecting passive pressure, a conservative analysis:
RF = tan(tj))(Wstem + Whaee + Weoit + PST-sin(iS) + AP-sin(B))

RF = 11.646 (kips)
"Factor of Safety" against sliding is the ratio of RF to HDF

RF

Ratiogjidine i= ——
sliding HDF

Ratiogliding = 1.29
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TCPI Standard Calculation Sheet 40f9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 741 AM
Exton, PA 19341 ’ Wall Mk. 'B° Seismic Wait B Seismic.rcd

610-524-5920

Resisting Moments about the Toe M_:

, W L, CY Ly |
My = Weeny(B + tmm) + Wbase‘(‘:J + WSOH-(W - —;} +{PgT + &P)-W‘sin(b)
N 4
M;=39.18  (ft-kips)

"Factor of Safety" against overturning the ratio of M to M

M,

RatiogyT = Ratiopr = 1.893

My

Calculate Soil Bearing Pressurs:

Net Moment: AM = M; - Mgy AM = 18.48 (fi-kips)
AM
X X =2.088 (feet)

" (Wstem + Whase + Waoit + PsT-sin(8) + AP-sin(3))

R := (Wytem + Whase + Weoit + PsT-sin(8) + AP-sin(3)) R = 8.85 (kips)

Eccentricity (e): e = -X e =1.037 (feet)

ol

W
Eccentricity ;= | "OK Within Middle Third" if e < lé-

“Non in Middle one-third" otherwise

Eccentricity = "OK Within Middle Third"

Vs
SPy = -g:{ 1+ :E-} SP, = 1.651 Maximum Soil Pearing Pressure (kips/fi2 )
SPy = E;’ y - f_g SPy = 1.181 Minimum Soil Pearing Pressure (kips/ft?)




TCPI Standard Calculation Sheet 50f9
436 Creamery Way  Suite 100 Subject: Date: 5/131/2005 741 AM
Exton, PA 19341 Wealt Mk. 'B' Seismic Wall B Seisric.mcd
610-524-5920

Concrete Design:

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

See Section 9.2 of ACI 319-02
Upp =12 U= 16 Ug:= 1.0

Ryl = {Upp- Wtem + UDL-Whase + Ug-Weoil + Ug-Psr-sin(3) + Up-AP-sin(8))

Mg_ui = Ug{ (Ps-0.333-H)-cos(8) + (aP-0.6-H)-cos(5) ]

. . . LA .
Mr*ult_l = UpL- Wstcm‘(B + tstem) + UDL‘Wbase'(': J + UDL‘Wsoil‘(W -

b

210
N1

M gy 2= UDL'[(PST + AP)~W-SEH(5)}
My upei= Mr ule 1+ My uit 2

Net Ultimate Moment:  AM = My ult = Mg uit AMyp = 26.316 (fi-kips)

AMyj

(Rult)

Xy = Xyl =2.79 (feet)

Ryje = 9.432 (kips)
N A W N W
Eccentricity (e): eult = — = Xyt el = 0.335 (feet) ri 1.042 (feet)
Eccentricity = | "OK Within Middle Third" if ey < -—6~
“Non in Middle one-third™  otherwise
Eccentricity = "OK  Within Middle Third"
Ruit [ eult ) X . - e

SPy yp= ——{ 1+ —| SPy yip = 1.59 Maximum Soi} Pearing Pressure (kips/ft? )




TCPIL Standard Calculation Sheet
436 Creamery Way  Suife 100 Subject:

Exton, PA 19341 Wall #k. 'B' Seismic
610-524-5920

6ofg
Date: 5/31/2005 7:41 AM
Walf B Seismic.mcd

Ryt { eutd) . s . . o
SPpuh= =4t - —| SPp e = 1.428 Minimum Soil Pearing Pressure
VAW (kips/fi2)
ASPyle == SP2_uie — SPy_ui ASPyy = 0.162 (kips/ft? )
SFy sp

Y R A

Pressure Diagram - Toe & Heel

Soil Pressure at Front Face of Stem:

SPule
W

SP3_yit = SP2 yjt - 8 (ksf)

w
(V8]

«(B) SP3 yie=1.

Soil Pressure at Rear Face of Stem:

ASP k
SP4 ule = SPa_uit - W" (B +tgem)  SPqun=1512  (ksf)

Moment at Front Face of Stem:

B

2

(B)
+(SPy - SP3~uIt)‘;;l',

A\
2 . B |
jB - UDL{O.XSO‘}-%&%é — i

Mige = SP3_ i

(%)
TN
[FEIN N Y

N
T

e

Mige = 2.605 (ft-kips}
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436 Creamery Way  Suite 100 Subject; Date: 5/3172005 7:41 AM
Exton, PA 19341 Wall Mk. 'B’ Seismic Wall B Seismic.med
610-524-5920

Concrete Data:

fo=3  ksi f, = 60 ksi My, = Mige fi-kips

(=
Y

i

[

inches d = (12)tpage — 4 d=14 inches b= 0.90

A, calculation is from CRSI Handbook

. 2
\ L7-febd 1 [289(febd)”  6.8fcb-MyI2
Ag required = "—;—fi—"’ - S - -
oot w) or(5)°
Inches? As_rcquircd
As required = 0.041 nenes p= — p = 0.0002
Shear in Toe:
Soil Pressure at d from front face:
ASl’uh d ) K
SP31 uit:= SPy uit — 4B~ ) SP3; uir=1.568 (ks

Vipe = SP d ) (SP SP ) L) d
= SPa - — n ol — 4= =
toe 3 iwult 12) 2 ult 31_uh ZJ 12

Vige = 1.316 (kips/foot)
0.75-12-d-(2)~ [T 1000 o
¢Vp = 1000 5 OVp = 13.803 (kips/foot)

Moment at Rear Face of Stem in the Heel:

o (C) 1
Mheel = SP_uir—= + (SP¢_ute ~ SP| R 5;6 UpL(0.150) thase'|

Mpeef = 6,265 (ft-kips) Let: My = Mpeel
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436 Creamery Way  Suite 100 Subiject:

Exton, PA 19341 Wall Mk. 'C’ Seismic
610-524-5920
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Date: 5/31/2005 7:40 AM
Wall C Seismic.mcd

A calculation is from CRSI Handbook

W2
17fcbd ) [289(Febd)”  6.8fcb-My12
As required = - =
T 2-£, 2 2 fy2
> () or(8)
A ire
Ag required = 0.292 Inches? p = w
- 12-d
Shear in Hell:
Soil Pressure at d from front rear face of stem:
ASPyt d\ .
SP4p uit= SPy_uit + {C=—1 SP4 yy=2108  (ksb)
- - W 12 -
d i d
Vheel .= SP 4 C~-— 1+ {SP ~ SP 4= C-—
heel l_ult( 12) + ( 41_ult 1~ult) (2) ( 12)
Vheel = 7.428 (kips/foot)
0.75-12-d-(2)-[f - 1000 o
OV, = ¢ $Vy = 16.76 (kips/foot)
1000
Moments in Stem:
Driving Forces:
v 2
(EFpstatic)' ',)‘ '(hwal})
Pgr:= - Py = 5.175 (kips)
ST 1000 S
S 1 2
(EH AE)': ‘(_hwai}}
PgE 1= - Psp: = 6.975 (kips)

1660

APy = Pgg - PgT APy = 1.8 (kips)

p = 0.0014
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Exton, PA 19341 Wail Mk. 'C' Seismic Wali C Seismic.mcd

610-524-5920

, . N 2
kh"f'(h\\-'ali) ) e
APy = ——————— APy = 2.632 (kips)
1000

The larger value of either AP; or AP, is to be used in the seismic analysis

APy
Let: A= ( w AP := max(A) AP = 2.632 (kips)
AP,

Mgiem = UE-[(PST~cos(6)-0.333hwa") + (aP-0.600-hyay)]
Mgiem = 47.659 (fi-kips) Let: . My:= Mgtemn d = (12)-tgrem ~ 3.0

A, calculation is from CRSI Handbook d=12 (inches)

17fcbd | |289(fcbd)’  6.8fcbMy12
Ag required = - ‘ -
- 2-f, 2 2 2
’ (%) or(fy)
As_required
As required = 0.957 Inches? = —_——--——;i‘:]:” p = 0.0066
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WALL MK. ‘D’

Loading Case Overturning Sliding Maximum | Controlling Case Remarks
Ratio Ratio Soil for Strength
Bearing Design
Pressure
Normal _
2. 80 /44 3990
Seismic 1
Z.04 /18 4840
Compaction Equipment
l 03 (5o (4120 a
Seismic 2 -
eismic /.85 ). 26 3¢ 0
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TCPt Title ; Wall'D’ H=20" Normal Page:
438 Creamery Way, Suite 100 Job# : E-05129 Dsgnr:  JJF Date: MAY 24,2005 wl
Exton, Pa 19341 Description....

Los Alamos Retaining Wall No. 1 Wall ‘D’ Height "H" = 20'0™ Normal Loads EFP = 51pcf »y

This Wall in Fife: C:\Program Files\RP2005\los alamos rw.r}

will

Retain Pro 2005 , 7-April-2005, (c) 1985-2005 . . .
www.retainpro.com/support for latest release  Cantilevered Retau'“ng Wall Deslgn Code: IBC 2003
Registration # : RP-1141385 2005001 -
 Criteria I | Soil Data ' | Footing Dimensions & Strengths I b
Retained Height = 20.00 # flow Soil Bearing = 5,000.0 psf Toe Width = 4.001t
Wall height above soil = 0.00 ft Equivaient Fiuid Pressure Method Heel Width = ..800 vy
nelg . e Heel Active Pressure = 51.0 pstift Tota! Footing Width = 12.00
Slope Behind Walt = 0.00:1 Toe Active Pressure = 51.0psfft Footing Thickness = 27.00in b
Height of Soil over Toe = 6.00in Passive Pressure = 54.0 psfift Kev Width ~ 24.001
Water height over heel = 0.0 Soif Density = 130.00 pcf Kg Depth - 3400 iy
w S 0.0 be Footingj|Soil Friction = 0650 Key Distance from Toe = 4.00ft i
ind on Stem = Ops Soil height to ignore . _ .
for passive pressure = 0.00in fc = 3,000psi Fy = 60.000psi
Footing Concrete Density = 150.00 pcf !
Min. As % = 00018 .
Cover@ Top = 2.00in @ Btm.= 3.00in H
. . . Ril
. Surcharge Loads l i Lateral Load Applied to Stem l : Adjacent Footing Load l
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/1t Adjacent Footing Load = 0.01bs -
Used To Resist Stiding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft ;
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00 in i
Used for Sliding & Overturning Wall to Ftg CL Dist = 0.00 ft
! Axial Load Applied to Stem ' Footing Type . L
Base Above/Below Soil
Axial Dead Load = 0.0 bs at Back of Wall = 0.01t i
Axial Live Load = 0.0 Ibs . : : =
Auxial Load Eccentricity = 0.0in Poisson’s Ratio 0.300 »

*Design Summaz l i Stem Construction I TopStem _ 2nd 3rd :
Stem OK Stem OK Stem OK il

Wall Stability Ratios Design Height Above Ft¢  fi= 13.00 5.00 0.00
Overturning = 248 OK Wall Material Above "Ht* = Concrete Concrete  Concrete
Stiding = 1.44 Ratio <1.8!  Thickness = 2400 2400 24.00 -
Rebar Size = # 7 # 7 # 9 L
Total Bearing Load = 29410 Ibs Rebar Spacing = 1500 7.50 7.50 v
~-resuftant ecc. = 15.05 in Rebar Placed at = Edge Edge Edge
. Design Data .
Soil Pressure @ Toe = 3,988 psf OK b/FB + fa/Fa = 0.105 0.530 0.778
SolPressure @ Heel = 914 pst OK Total Force @ Section lbs= 19992  9,180.0 16,3098 e
AlloWable o ure Less Than Allawabie Moment... Actual fi#i= 46648 459000 108,798.3
ACIFactored @ Toe = 4,314 psf Moment.... Allowable  ft#= 44,3405 86,641.9 139,872.0 ™
ACI Factored @ Heel = 988 psf Shear..... Actual psi= 7.9 36.4 64.7 7
Footing Shear @ Toe = 26,5 psi OK Shear..... Allowable psi= 82.2 82.2 822 i
Footing Shear @ Heel = 50.6 psi OK Wall weight psf= 3000 3000 3000
Allowable = 82.2 psi Rebar Depth ‘d !ﬂ = 21.00 21.00 21.00 ) L)
Sliding Calcs (Vertical Component NOT Used) LAP SPLICE IF ABOVE n= 37.38 . 37.38 48.06 ool
less 100% Passive Force = - 609.2 Ibs " Data n= :
less 100% Friction Force = - i7,231.5 lbs asonry ba ooz -
Added Force Reqg'd = 0.0 bs OK Fs psi= o
for1.5: 1 Stability = 806.2 Ibs NG Solid Grouting =
Load Factors - - Specia! inspection = -
Building Code 1BC 2003 Modular Ratic 'n’ =
Dead Load 1.200 Short Term Factor = o
Live Load 1.600 Equiv. Solid Thick. =
Earth H 1 600 Masonry Block Type =
nd. W ’ 60 Concrete Data "
Wind. | 1.600 fc psi=  3000.0 30000 30000
Seismic, E 1.000 Fy psi= B0,000.0 60.000.0 60,0000 e
-
ik
L
3
-



TCPI Title - Wall'D’ H=20' Normal Page:
o 436 Creamery Way, Suite 100 Job #' : E-05129 Dsgnr. JJF Date: MAY 24,2005
Exton, Pa 19341 Description.. ..

w., Los Alamos Retaining Wall No. 1 Wall ‘D' Height "H" = 20°-0" Normal Loads EFP = 51pcf

This Wall in File: C:\Program Files\RP2005\fos alamos rw.1j

Retain Pro 2008 | 7-Apai-2005, (¢} 1889-2005
www.retainpro.comisupport for latest release
Registration # : RP-1141385 2005009

. Footing Design Results |

Cantilevered Retaining Wall Design Code: IBC 2003

Vertical component of active pressure used for soil pressure

Toe Heel
. Factored Pressure = 4,314 988 psf
Mu' : Upward = 31,583 27,767 ft-#
s Mu' : Downward = 3,864 91,254 f-#
Mu: Design = 27,689 63,527 fi-#
et Actual 1-Way Shear = 25.50 50.59 psi . .
Allow 1-Way Shear = 82.16 82.16 psi  Other Acceptable Sizes & Spacings
&+  Toe Reinforcing = #9@9.00in 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 = #9@ 12.00in Heel: #4@ 3.25 in, #5@ 4.75 in, #6@ 6.75 in, #7@ 9.25 in, #3@ 12.25 in, #9@ 15.50
s Key Reinforcing = #7@ 16.00in Key:
‘ | Summary of Overturning & Resisting Forces & Moments l
[
..... OVERTURNING..... -.RESISTING.....
Force Distance Moment Force Distance = Moment
e item Ibs ft f-# lbs ft ft-#
s Heel Active Pressure 12,624.1 7.42 93,628.7 Soil Over Heel = 15,600.0 9.00 140,400.0
Toe Active Pressure = -192.8 0.92 -176.8 Sloped Soil Over Heel =
o Surcharge Over Toe = Surcharge Over Heel =
V Adjacent Footing Load = Adjacent FootingLoad =
aes Added Lateral Load = Axial Dead Load on Stem= 0.00
Load @ Stem Above Soil = Soil Qver Toe = 260.0 200 520.0
. Surcharge Over Toe
Stem Weight(s) = 60000 5.00 30,000.0
— - S — Earth @ Stem Transitions _,
Total = 124313 OTM. = 93,4519 i ;
Footing Weight = 40500 6.00 24,300.0
o Resisting/Overturning Ratio = 249 Key Weight 600.0 5.00 3,000.0
) Vertical Loads used for Soil Pressure = 294104 fbs Vert. Component =z 2,800.4 1200 348048
¥ Total= 29,4104 Ibs R.M.= 233,024.9

DESIGNER NOTES:



24.in Conc w/ #7 @ 15.in olc

24.in Conc wi #7 @ 7.in olc

70"

-3

24.in Conc w/ #3 @ 7.in oic

#3@9.in
@Toe
. Designer select
#@12.in  aff horiz. reinf.
@ Heel See Appendix A
40" 2-0" i §-0"
g T
40" 8-0"
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TCPt Title - Wall "D” H= 20" Seismic Page:
436 Creamery Way, Suite 100 Job # : E-05129 Dsgnr:  JJF Date: MAY 25,2005 wilt
Exton, Pa 19341 Description....
Los Alamos Retaining Watl No. 1 Wall ‘D’ Height (H) = 20'-0" Seismic Loads EFP = 62pcf g
This Wall in File: C:\Program Files\RP2005\los alamos rw.r;
Retain Pro 2005 . 7-April-2005, () 1959-2005 i . - il
www.retainpro.comisupport for latest release  Cantilevered Retaining Wall Design Code: IBC 2003
Registration # : RP-1141385 2005001 "
! Criteria I : Soil Data l ! Footing Dimensions & Strengths I wilh
o I quivalent Fluid Pressure Methox ee = 800 h
Wall heignt above soil = 0.00ft Heel Active Pressure =  620psfit  Total Footing Width = 12.00
Stope Behind Wall = 0.00:1 Toe Active Pressure = 62.0 psfift Footing Thickness = 27.00in ub
Height of Soil over Toe = 6.00 in Passive Pressure = 54.0 psfitt ) .
Water height over heel = 0.0 ft Soit Density = 130.00 pcf Key Width = 24.00in oy
FootinallSoil Fricti = 0650 Key Depth = 2400 in !
Wind on St 0.0 osf Soc: ;:‘g” ol Friction - : Key Distance from Toe = 4.00 ft i
ind on Stem = .0 ps oil height to ignore . ) !
P ; s =  QO00i fc = 3,000 psi Fy = 60,000 psi
Of passive pressure 00in Footing Concrete Density = 150.00 pcf "
Min. As % = 00018 "N
Cover@ Top = 2.00in @Btm= 300in i
| Surcharge Loads . l | Lateral Load Applied to Stem I ' Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0lbs o
Used To Resist Sliding & Overturning ...Height to Tog = 0.00 #t Footing Width = 0.00 %
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in o
Used for Sliding & Overturning Wall to Ftg CL Dist = 0.00 ft
| Axial Load Applied to Stem . Footing Type ) e
Base Above/Below Soil  _ ,
Axial Dead Load = 0.0 Ibs at Back of Wall = 0.0ft wll
Axial Live Load = 0.0 Ibs . , i _
Axial Load Eccentricity = 0.0 in Poisson’s Ratio = 0300
) #
*Design Summa [Stem Construction ]| TopStam __2na 3rd "
" " Stem OK Stem OK Stem OK il
Wall Stability Ratios Design Height Above Ftc  ft= 13.00 5.00 0.00
Overturning = 204 OK Wall Material Above "Ht* = Concrete Concrete  Concrete
Stiding = 118 Ratio <1.5!  Thickness = 2400 24.00 24.00 e
Rebar Size = # 7 # 7 # 8 r
Total Bearing Load = 29,319 Ibs Rebar Spacing = 15.00 7.50 7.50 il
~fesultant ecc. = 23.57 in Rebar Placed at = Edge Edge Edge
X Design Data LT
Soil Pressure @ Toe = 4,843 psf OK b/FB + falFa = 0.088 0.443 0.650
S‘;\"nprest;‘"e @Heel = 5 033 ps: OK Total Force @ Section Ibs= 1,670.9  7.6725 13,6315 i
owable = 000 ps e
Soil Pressure Less Than Allowable Moment... Actual ft-# = 3,808.8 383625 90,9319
ACI Factored @ Toe - 5255 psf Moment.... Allowable ﬁ-ﬁf- 443405 866419 139,8720 n
ACH Factored @ Heel = 47 psf Shear.... Actual psi= 6.6 30.4 54.1 "
Footing Shear @ Toe = 31.4 psi OK Shear..... ‘Allowable psi= 822 82.2 822
Footing Shear @ Heel = 59.7 psi OK Wall Weight . psf= 3000 3000 3000
Mowva  C ma Swpehe | ons o 2mo oam
Sliding Cales (Vertical Component NOT Used) A in= 3 ‘ 48. i
s LAP SPLICE IF BELOW in= 37.38 37.38
Lateral Sliding Force = 151125Ibs HOOK EMBED INTO FTGin = 17.25
less 100% Passive Force = - 609.2 lbs D in :
less 100% Friction Force = - 17.231.5 Ibs M?;O"'y ata poie o5
Added Force Req'd = 0.0 bbs OK Fs psi= il
ofor1.5: 1 Stability = 4,828.1 bs NG Solid Grouting =
Load FACOrS oo st Special '”59?‘3‘“?” = "y
Buikding Code 1BC 2002 Modular Ratio 'n = ‘
Dead Load 1.200 Short Term Factor = il
Live Laad 1.600 Equiv. Solid Thick. =
4 Masonry Block Type =
Eafth‘ H 1.100 L]
Wind. W 1600 Concrete Data - "
ind, \ 1609 fc psi= 30000  3,0000  3.0000 \
Seismic, E 1.000 Fy psi= 60,0000 60.0000 60,000.0 i
"y
wilk
w
b
Ll |

mﬂ‘
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TCPI Title - Wall "D" H= 20’ Seismic Page:

. 436 Creamery Way, Suite 100 Job # . E-05129 Dsgnr.  JJF Date: MAY 25,2005
Exton, Pa 19341 Description. ..
N {.os Alamos Retaining Wall No.1 Wall "D Height (H) = 20"-0" Seismic Loads EFP =62pcf

This Wall in File: C:\Program Files\RP2005\los alamos rw.rj

st Retain Pro 2005 , 7-Apnit- 2005, {c) 1988-2005

www.retalnpro.comisupport for latest release  Cantilevered Retaining Wall Design Code: IBC 2003
. Registration # : RP-1141385 2005001
Avi %_Footing Design Results l
Toe Heel
A Factored Pressure 5,255 47 psf
Mu' - Upward 37,410 16,472 3

n4on

St Mu’ ; Downward 3,864 90,416 ft+-#
Mu: Design 33.546 73,944 ft-#
P Actual 1-Way Shear = 31.39 5969 psi . .
Aliow 1-Way Shear = 82.16 8216 psi  Other Acceptable Sizes & Spacings
P Toe Reinforcing = #5@ 15.00in Toe: #4@ 4.75 in. #5@ 7.50 in, #6@ 10.50 in, #7@ 14.25 in, #3@ 18.75 in, #9@ 23.
Heel Reinforcing = #5@ 14.00in 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:
.
Summaz of Overtuming & Resisting Forces & Moments J
T OVERTURNING.... RESISTING.....
Force Distance Moment Force Distance  Moment
0 item bs ft ft-# Ibs ft ft-#
. Heel Active Pressure = 153469 7.42 113,823.1 Soil Over Heel = 15,600.0 5.00 140,400.0
. Toe Active Pressure = -234.4 0.92 -214.9 Sioped Soit Over Hee! =
) Surcharge Over Toe = Surcharge Over Heel =
e Adjacent Footing Load = Adjacent Footing Load =
. Added Lateral Load = Axial Dead Load on Stem = 0.00
{oad @ Stem Above Soil = Soit Over Toe - 260.0 2.00 520.0
N Surcharge Over Toe '
StemWeights) - g000.0 5.00 30,000.0
o —— e Earth @ Stem Transitions _
= 151125 T.M. = 113,608.2 i i
Total oM 3.608 Footing Weight = 40500 6.00 24,3000
. Resisting/Overturning Ratio = 2.04 Key Weight = 600.0 5.00 3.000.0
Vertical Loads used for Soil Pressure = 29,319.0 lbs Vert. Component = __..28090 12.00 33,7076
s Total=  29.319.0 Ibs RM.= 231,9276

Vertical component of active pressure used for soil pressure

DESIGNER NOTES:
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TCPI Titte - Wall'D' H= 20" Equipment Load Page: ¢
436 Creamery Way, Suite 100 Job# - E-05129 Dsgnr:  JJF Date: MAY 25,2005 T ]
Exton, Pa 19341 Description....
Los Alamos Retaining Wall No. 1 Wail "D" Height (H) = 20'-0" withe Equipment Loads -
#
This Wall in File: C:WProgram Files\RP2006\los alamos rw.n
Retain Pro 2005 , 7-Apni-2005, (c) 1989-2005 i . R : il
www.retainpro.comisupport for latest retease  Cantilevered Retaining Wall Design Code: IBC 2003
Registration # : RP-1141385 2005001 -
| Criteria I I Soil Data o | Footing Dimensions & Strengths 1' wib
Retained Height = 20.00 ft Aliow Soil Bearing = 5,000.0 psf Toe Width = 4008
Wall height above soil = 0.00 & Equivalent Fluid Pressure Method Heel Width = 8.00 L
ailhelg A a SOt ' A‘ Heel Active Pressure = 46.0 psiift Total Footing Width = 12.00 :
Siope Behind Wall = 0.00: 1 Toe Active Pressure = 48.0 psfift Footing Thickness = 27.00in i
Height of Soil over Toe = 6.00in Passive Pressure = 54.0 psfi/ft Kev Width B ) )
Water height overheel = 0.0t Soil Density = 13000pcf (YNGR I e w8
s 0.0 00t Footingl{Soil Friction = 0.650 Key Distance from Toe = 4.00ft iy
Wind on Stem = QOps Soil height to ignore ~ . . ’
for passive pressure = 0.00in fc = 4000psi Fy = 60.000psi
Footing Concrete Density = 150.00 pcf '
Min. As % = 00018 "R
Cover@ Top = 200in @Btm.= 3.00in i
i "\ - H " » '
| Surcharge Loads I ; Lateral Load Applied to Stem ' .| Adjacent Footing Load l
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footingload =  2,000.0 lbs .
Used To Resist Sliding & Overturning ...Height to Tog = 0.00 ft Footing Width = 8.00
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in e
Used for Sliding & Overturning Wall to Ftg CL Dist = 6.00 ft
| Axial Load Applied to Stem ' Footing Type _ oy
L Base Above/Below Soit  _
Axial Dead Load = 0.0 Ios at Back of Wall = ooft il
Axiaf Live Load = 0.0 Ibs : ! : -
Axial Load Eccentricity =  0.0in Poisson's Ratio 0.300
: - fm
“Design Summary l ' Stem Construction ' TopStem __ 2nd 3rd
” Stem OK Stem OK Stem OK il
Wali Stability Ratios Design Height Above Ftg ft= 14.50 5.00 0.00
Overturning = 203 OK . Wall Material Above "Ht" = Concrete Concrete  Concrete
Sliding = 147 Ratio < 1.5!  Thickness = 2400 24.00 24.00 -
Rebar Size = ¥ 7 # 7 # 9
Total Bearing Load = 27,010 Ibs Rebar Spacing = 15.00 7.50 7.50 o
...resultant ecc. = 2622 in Rebar Placed at = Edge Edge Edge
. Design Data )
Soil Pressure @ Toe = 4,720 psf OK fo/FB + fa/Fa = 0.067 0.616 0.848 ’
S‘:'"P’eS;”'e @ Heel = 5 oog "s: OK Total Force @ Section fbs= 1,6403 98753  16,504.0 o
owable = . ps -
Soil Pressure Less Than Allowabie moment...‘lxtual bl 2: - 452%33 :gg?g 1:1322323
AClFactored @ Toe = 5,699 psf oment..... owabie = 44,340, B41. 872 .
ACl Factored @ Heel = 0 psf Shear.... Actual psi= 6.5 39.2 65.5
o 8
Footing Shear @ Toe = 33.8 psi OK Shear..... Allowable psn.~ 82.2 822 822 4
Footing Shear @ Heel = 46.8 psi OK Wall Weight - p;f = 300.0 300.0 300.0
Aliowable = %49 ps AP SLGL FABOVE Be b3 was  aa0s "
Sliding Cales (Vertical Component NOT Used) ! n= y N : e
L LAP SPLICE IF BELOW in= 37.38 37.38 g
Lateral Sliding Force = 12,3664 Ibs HOOK EMBED INTO FTG in = 14.94
less 100% Passive Force = - 609.2 Ibs - Data n :
less 100% Friction Force = - 17,556.5 ibs ponry ba peim -
Added Force Req'd = 0.0 Ibs OK Fs psi= -
Jfor 1.5 1 Stability = 383.8 bs NG Solid Grouting =
Load Factors Special Inspection = -
Building Code 1BC 2003 Modular Ratio ‘n =
Dead Load 1.200 Short Term Factor = "
Live Load 1.600 Equiv. Solid Thick. =
Masonry Block Type =
Earth, H 1.600 -
Wind. W 1,600 Concrete Data - e :
yving, | . fc psi= 30000 30000 3,000.0
Seismic. £ 1.000 Fy psi= 60,0000 50,0900 60,000.0 et
-
g
L]
s
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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

Job # . E-08129
Description....

Dsgnr:  JJF

B

Page:
ate: MAY 25,2005

Wall “D" Height (H} = 20"-0" withe Equipment Loads

This Wall in File: C:\Program Files\RP2005\os alamos rw.rj

Retain Pro 2005 | 7-April-2005, (¢} 1983-2005

www.retainpro.comisupport for latestrelease  Cantilevered Retaining Wall Design

Code: IBC 2003

Registration # : RP-1141385 2005001
i___Footing Design Results I
Toe Heel

Factored Pressure 5,658 0 psf

Mu' : Upward = 40,283 13,392 ft-#
Mu' : Downward = 3,864 63,450 R
Mu: Design = 36,419 50,058 fi-#

Actual 1-Way Shear
Allow 1-Way Shear

3390 4684 psi

oW ouon

S4.87 9487 psi  Other Acceptable Sizes & Spacings

Toe Reinforcing #9@9.00in Toe: #4@ 4.75 in, #5@ 7.50 in, #6@ 10.50 in, #7@ 14.25 in, #8@ 18.75 in, #9@ 23.
Heet Reinforcing #9@12.00in 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 Reinforcing #7@ 16.00in Key:

; Summary of Overtuming& ~Resisting Forces & Moments

..... OVERTURNING.....

Force Distance Moment
item lbs ft ft-#
Heel Active Pressure = 11,3864 7.42 84,4494
Toe Active Pressure = -173.9 0.92 -159.4
Surcharge Over Toe =
Adjacent Footing Load = 1,153.8 13.34 15,396.6
Added Lateral Load =
Load @ Stem Above Soil =

Total = 123664 OTM. = 996865
Resisting/Overturning Ratio = 2.03

Vedical Loads used for Soil Pressure = 27,010.0 Ibs

Vertical component of active pressure NOT used for soil pressure

..... RESISTING.....
Force Distance  Moment
ibs ft fi-#
Sail Over Heel = 15,600.0 9.00 140,400.0
Sloped Soil Over Heel =
Surcharge Over Heel
Adjacent Footingload = 500.0 9.00 4,500.0
Axial Dead Load on Stem= 0.00
Soil Over Toe
= 260.0 2.00 520.0

Surcharge Over Toe =
Stem Weight(s) = 60000 5.00 30,000.0
Earth @ Stem Transitions _
Footing Weight = 40500 6.00 24,300.0
Key Weight = 600.0 5.00 3,000.0
Vert. Component =

Total= 27,0100 Ibs RM.= 2027200

DESIGNER NOTES:
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TCPIL Standard Calculation Sheet 10of9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 8:03 AM

Exton, PA 19341 Wall Mk. 'D' Seismic Wall D Seismic.mcd
610-524-5920 k

WALL Mark 'D' Seismic Loads

Definitions:

B = Width of Toe (feet) h wall = Height of Wall over base (feet)
C = Width of Heel (feet) toase — thickness of Base (feet)

W = Width of Base (feet) tyem = Thickness of Stem (feet)

y = density of backfill (pcf)

Yeoncrets 9ENSILY = 150 pef

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

EFP 4 = Design equivalent fluid pressure (pcf), Active Earth pressure under seismic

conditions..

¢ = Internial angle of friction of the soil.
8 = Friction angle of soil to concrete wall,
K, = Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix 'B'

Wall Mk 'D' Data:

B:= 4.0 (feet) huwalp := 20.0 (feet) tsgem = 2.00 (feet)
C:= 6.0 (feet) W= 12 (feet) thase = 2.25 (feet)
Soil Data:  y:= 130 (pcf) § = 22-deg ¢ = 32-deg
terom EFPgpyic = 46 (pcf)
B \.IP c

EFPAE = 62 (pcf)

Ky, = 0.09

hw:m —f

- Base

W |
WALL STABILITY ANALYSIS
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TCPI Standard Calculation Sheet 20f9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 8:03 AM
Exton, PA 19341 Wall Mk. ‘D Seismic Wall O Seismic.mcd

610-524-5920

Weights: (kips.per foot)

Wstem = (0-130) -hyairtsiem Wistem = 6.000
Whase == (0.150) W-tpee Whase = 4.05

¥-hwal €

Woif =~ Wioil = 156
soil 1000 soil
I Hi= hyg+ thase ~ H=2225  (feet)
4 B+t2 |
R W2
W-C2
1Y
Stabilizing Forces
Driving Forces:
1 2
(EFPstatic)- -(HD)
Porp = Psr=11386  (kips)
ST 1000 ST
i 2
(EFPAE)-;(H)
Pggp o= —mM8M8M8M8m™——— Pgg = 15.347 (kips
SE 1000 SE ps)
APy := Pgg - PsT APy =3.96 (kips)
2
Kp-v-(H)
APy 1= ———— APy = 3.792 (kips)

- 1000
The larger value of either AP, or AP, is to be used in the seismic analysis

APy } ; ..
Let: A= | AP = max(a) AP = 5.792 (kips)
Alef

AN
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TCPI Standard Calculation Sheet 30f9 waill
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 8:03 AM
Exton, PA 19341 Wall Mk. 'D' Seismic Wall b Seismic.mcd on

610-524-5920

R 4

Driving Forces and Moments about the Toe: "

s

ST S
DSZNS 7

e

ek

]

il

MR‘
gl

Earth Seismic
Pressute Load
Distribution Distribution

]

.

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

HDF = (PST + AP)-COS(S) HDF = 15.928 (kips) am

Driving Moment (M,) is the sum of the driving moments about the Toe. -

!?M
Mg := (Ps-0.333-H)-cos(5) + (AP-0.6-H)-cos(8) Mg =149918  (f-kips) -

oy
willh

Resisting Forces and Moments about the Toe:

Resisting Forces (RF) neglecting passive pressure, a conservative analysis: el
RF = tan(cg))(wstem + Whase + Wgoil + Pgr-sin(s) + AP~sin(8))

RF =20.049  (kips)
"Factor of Safety" against sliding is the ratio of RF to HDF i

RF &
Rﬁtiosliding = }.259 "

Ratiogliding == ~——=
= HDF o




TCPI Standard Calculation Sheet
436 Creamery Way  Suite 100 Subject:

Exton, PA 19341 Wall Mk. ‘D" Seismic
610-524-5920

40f9
Date: 5/31/2005 8:03 AM
Wall D Seismic.mcd

Resisting Moments about the Toe M_:

2

“~

, : A oY P} w-sin(5)
M= Wetem (B + tstem) + wbasc_-k-—} + wso,-,-(w - ;/} + (PsT + AP)- Wsin(s

M, = 277923 (ft-kips)
"Factor of Safety" against overturning the ratio of M_to M,

M,
RatiogT = v
vid

RatiopT = 1.854

Calculate Soil Bearing Pressurs:

Net Moment: AM == M; - My AM = 128.005 (ft-kips)
X = AM X =399 (feet)
(Wstem + Whase + Woi + Psy-sin(8) + AP-sin(5))
R = (Wstem + Whase + Woil + Ps7-sin(8) + AP-sin(8)) R = 32.085 (kips)
Eccentricity (e): e = wv_ X e =720l (feet) »g- =2 (feet)
2
Eccentricity := |"OK Within Middle Third" if e < ?
"Non in Middle one-third" otherwise
Eccentricity = "Non in Middle one-third"
2R . . . e e
SPy = — SPy = 5.362 Maximum Soil Pearing Pressure (kips/fi? )
- w \
3—(1.0).(— - eJ
2
Minimum Soil Pearing Pressure (kips/ft?
SPy = 0.0 SPy =0 : s e (kips/ft*)

Effective Soil Bearing Width (W' :
W

W' = 3{-—~‘ ~e|
2 J

W' = 11.969
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TCPI Standard Calculation Sheet 50f9 il
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 8:03 AM
Exton, PA 19341 Wall Mk. ‘D" Seismic Walf D Seismic.mcd "
610-524-5920 *
M‘
Concrete Design: o
The design on the concrete elements will be in accordance with ACJ 318-02. .
See Section 9.2 of ACI 319-02 "y
wi
Upp:= 1.2 Uy = 1.6 Ug:= 1.0 ny
wild
Ryjp = (UDL‘Wstcm + UpL-Whase + Up-Weoit + U Ps’r-Sin(S) + UEAP'Sin(S)) -
ln‘;
My it = Ug| (Pst-0.333-H)-cos(8) + (4P-0.6-H)-cos(s) ] .
il
w C "
Mp i = UpL-Wstem'(B + tstem) + UDL-Wbase'(‘;) + UDL'Wsoil'(W - '2-) i
T . "
Myl 2= UDL'[(PST + AP)~W-sm(5)]
i
M uie = Mr_uge 1+ M ute 2 oy
wi
Net Ultimate Moment:  AMy;¢ == My i ~ Md_uke AMy); = 183.59 (ft-kips) 5'!
il
Xy oo it Xuir=5385  (f
= = 5.385 (feet)
ult (Rult) ult "
il
Ryy = 34.095 (kips) Wy
w
.. ) w W
Eccentricity (e): eult = 5 Xult el = 0.615 (feet) i 2 (feet) oy
wi
Eccentricity := |["OK  Within Middle Third" if ey < " [
"Non in Middle one-third" otherwise s
Ll
Eccentricity = "OK  Within Middle Third" “
A T
Ryt eu!t\’ R . . i e oy
SPy = —| 1 + -———J SPy yit = 2.987 Maximum Soil Pearing Pressure (kips/ft? ) )
- W ; - wil
L)
wlh

M!‘
will



TCPI
436 Creamery Way  Suite 100
Exfon, PA 19341

Standard Calculation Sheet 60of9

Subject;
Wall Mk. ‘D' Seismic

Date: 5/31/2005 8.03 AM
Wall D Seismic.mcd

610-524-5920

R eyt ) .
SPy = u".(l L { SP| ult = 2.696 Minimum Seoil Pearing Pressure
—ow oWy ) (kips/f2)

ASPyj == SPy_yit = SP1_yly ASPyj = 0.291 (kips/fi )
SP
3 sp
— ——
SP
P e
S 5 1
- sp
Pressure Diagram - Toe & Heel
Soil Pressure at Front Face of Stem:
_ SPylt X
SP3 uit:=SP2 ult - (B) SP3 it = 2.89 (ksf)

Soil Pressure at Rear Face of Stem:

ASPu]t

SP4_yir = 2.841 (ksf)

SP4 yit:= SP2_yit - '(B + tstcm)

Moment at Front Face of Stem:

2

{2
B (B)
Mige = SP3_uir—~ + (SP2_uit = SP3_un)- ()B Up.-(0-150)- tm( )

‘.AJ ||~J

(ft-kips)




TCPI Standard Calculation Sheet
436 Creamery Way  Suite 100 Subject:
Exfon, PA 19341 Wall Mk. 'D’ Seismic

610-524-5920

Date: 5/31/2005 8:03 AM
Walf D Seismic.mcd

Concrete Data:

fe:=3  ksi fy:= 60  ksi My = Myge

A, calculation is from CRSI Handbook

b:=12 inches di= (12)tpase —4  d =23  inches

.
17fcbd  y [289(Pebd)”  6.8fcbMy 12

Shear in Toe:

Soil Pressure at d from front face:

SP31_uit:= SP2_uit -~

12

ASPy)t (

L

Vioe = 6.17 (kips/foot)
0.75-12-d-(2)",f‘ -1000
OVy = — < 6V = 22.676

Moment at Rear Face of Stem in the Heel:

3

. (©
Mheet = SP1_ulv =~ + (SP4_ute - SP1_uk) 3

“

Mpeel = 42.104  (ft-kips) Let: My = Mpeel

As required ©=
- 2‘f.- 2 2 2
Y () o¢(fy)
As_required
As_required = 0199 Inches? = %?:ﬁ—

d )
4B - ——J SP3}_uir = 2.936 (ksf)

d 1 d
Vige := SP 4B —-—1]+{SP - SP A=} B-—
toe 3l_ult( 12) ( 2_ult 31~ult) (,,) ( 12)

wlf')~

N

-
( )'C ~ Up,-(0.150) tpase

!'!!

]

.}

el

!*@

1]

L& ]

LT

™
wild

"

il

i ]

\E 4

oy

il

.,

i

&l

L]

sl

wkd



TCP1

436 Creamery Way  Suite 100

Exton, PA 19341
610-524-5920

Standard Calculation Sheet
Subject:
Wall Mk. ‘D’ Seismic

8of9
Date: 5/31/2005 8:03 AM
Wall D Seismic.med

A calculation is from CRSI Handbook

1.7-fbd

289(febd)’  6.8fb-My12

As_required = o f
&t V

As_requimd = 0414

Shear in Hell:

2 | —

|
d
y

(5)° se()?

As-_requircd

Soil Pressure at d from front rear face of stem:

SP4)_uit= SPy_un +

1]
Y

ASP ult

(c

. d ) 1 d
Vheel := SPl_un-(C - E) +(SP4s_uit - SP]__ult)'(';)'(C - F)

Vhee! = 11.209

0.75-12-d-(2)-,[F 1000

(kips/foot)

BV, o=
#¥n 1000

Moments in Stem:

Driving Forces:

Inches? =
P 12.d
d .
- —-) SP41 ui =2.795 (ksf)
12 -
oV =22.676 (kips/foot)

‘ 1
(EF Psta‘(ic)' ‘; ’(hwall)2

Per =
ST 1600

1 v2
(EFPAE)- 5 ’(h\.z:aﬂ)7

1000

APy = Pgg ~ Pgr

i

PsT = 9.2 (kips)
Pgp =124 {kips)
APy =32 (kips)

p = 0.0015




Exton, PA 19341 Wall Mk. ‘D' Seismic

610-524-5920

TCP} Standard Calculation Sheet 9of9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 8:03 AM
Wall D Seismic.mcd

32
APy e Kiy-(hwatt)

: AP = 468 (kips
p) 1000 2 (kips)

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

APy .
Let: A= AP := max(a) AP = 4.68 (kips)
APy

Mgtem = U (Ps1-c0s(8)-0.333h\a1y) + (AP-0.600-hygy1)]

Mgtem = 112.97  (ft-kips) Let: My == Mgem

d = (12)-tgem — 3.0

A, calculation is from CRS} Handbook d=21 (inches)
2

1.7.fcbd | [289(fcbd)”  6.8fbMy12

As required = T ~ T -
- 2-f, 2 2 12
g (&) ¢r (%)
A .

Ag required = 1.271 Inches? p= .i——lr_?%lﬁq p = 0.0050

R!!
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WALL MK. ‘F’

Loading Case Overturning Sliding Maximum | Controlling Case Remarks
Ratio Ratio Soil for Strength
Bearing Design
Pressure
Normal
2,70 4o | 48]
Seismic 1
z2.z/ /. /S | 4700
Compaction Equipment - -
P st z.27 L4 | 4520 W
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TCPI

436 Creamery Way, Suite 100
Exton, Pa 18341

t os Atamos Retaining Wall No. 1

Title
Job# : E-05129
Description. ...

- Wall "E" H = 24’ Normal

Page:

Dsgne:  JJF Date: MAY 24,2005

Wall "E" Height 'H’ = 24'-0" Normal loads EFP = 51pcf

This Wall in File; C:\Program Files\RP200S5\los alamos rw.n

Retain Pro 2005 , 7-Apnit-2003, {c} 1989-2005
www.retainpro.comisupport for latest release
Registration # : RP-1141385 2005001

Cantilevered Retaining Wall Design

Code: IBC 2003

[Criteria I

:Soil Data

SRV N

{ Footing Dimensions & Strength l

Retained Height 24.00 & Allow Soit Bearing = 4.000.0 psf Toe Width = 5501#
Wall height above soil = 0.00 ft Equivalent Fiuid Pressure Method Heel Width = 850
atheqg ) aoove ol e Heel Active Pressure = 51.0 psf/it Total Footing Width = 15.00
Slope Behind Wall = 0.00:1 Toe Active Pressure = 51.0psfit Footing Thickness = 27.00in
Height of Soil over Toe = 0.00in Passive Pressure = 54.0 psfiit Kev Width R 3000
Water height over heel = 0.0t Soit Density = 130.00 pof K:i Deptth = 24‘83 :2
W . 0.0 ouf Footing}jSoil Friction = 0.8650 Key Distance from Toe = 5.50 £
ind on Stem = Ops Soil height to ignore . .
f i = 00i fc = 3.000 psi Fy = 60,000psi
O passive pressure 0.00in Footing Concrete Density = 150.00 pcf
Min. As % = 0.0018
Cover@ Top = 200in @ Bitm= 3.00in
Surcharge Loads . Lateral Load Applied to Stem ' Adjacent Footing Load
Surcharge Over Heel = 0.0 psf Latera! Load = 0.0 #/ft Adjacent FootingLoad = 0.0lbs
Used To Resist Sliding & Overturning ...Height to Tog = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00ft Eccentricity = 0.00 in
Used for Sliding & Overturning Wall to Ftg CL Dist = 0.00 ft
| Axial Load Applied to Stem l Footing Type _
Base Above/Below Soif
Axial Dead Load = 0.0 Ibs at Back of Wall = 0.0t
Axial Live Load = 0.01lbs . i . =
Axial Load Eccentricity = 0.0in Poisson's Ratio - 0.300
| *Design Summary | | Stem Construction Top Stem _ 2nd 3rd 4th
- n . StemOK  StemOK  StemOK  Stem OK
Wall Stability Ratios Design Height Above Ftg  ft = 20.00 13.00 5.00 0.00
Oyenumang = 2.70 OK Wall Material Above "Ht" = Concrete Concrete Concrete  Concrete
Sliding = 1.39 Ratio <1.5!  Thickness = 3000 30.00 30.00 30.00
Rebar Size = # 5 # 5 # 7 # 9
Total Bearing Load = 40,689 Ibs Rebar Spacing = 12.00 6.00 6.00 6.00
-..resultant ecc. = 12.78 in Rebar Placed at = Edge Edge Edge Edge
' Design Data
Soil Pressure @ Toe = 3,868 psf OK OIFB + falFa = 0.023 0.246 0.669 0.820
S‘:‘"P ’95:;"‘3 @Heel = ;-ggg ps: OK Total Force @ Section Ilbs= 6528 49368 147288 235008
owa = ) ps =
Soil Pressure Less Than Allowable Moment....ll\\ﬁ:ual o ft-# = 8704 18, :; 016 93.;’282.4 188,006.4
ACI Factored @ Toe = 4,181 psf Moment..... owable ) ﬂ-# = 37,2398 73,6290 139,428.0 2292375
ACl Factored @ Heel = 1,683 psf Shear.... Actual psi= 20 15.2 455 71.4
Footing Shear @ Toe = 43.7 psi OK Shear..... _Aﬂowable ps:i 82.2 822 82.2 82.2
Footing Shear @ Heel = 66.8 psi OK Wall Weight psf= 3750 3750 375.0 375.0
Sliding Calcs (Vertical Component NOT Used) LAP SPLICE IF ABOVE in= 2136 2136 3738 4806
! LAP SPLICE IF BELOW in= 21.36 21.36 37.38
Lateral Stiding Force = 1744201bs HOOK EMBED INTO FTGin = 17.25
less 100% Passive Force = - 487.7 lbs " b n :
less 100% Friction Force = - 13,824.1 Ibs asonry Data —— oin
Added Force Reg'd = 0.0 1bs OK Fs psi=
...for 1.5:1 Stability = 1,851.2 Ibs NG Sofid Grouting =
Load Factors . Special lnspgc‘tir.‘m =
Building Code IBC 2003 Modutar Ratio 'n =
Dead Load 1.200 ?‘0_“‘ Tgf":d":;?‘g' =
Live Load 1.600 guiv. Solid Thick. =
ve Loa ’ Masorniry Block Type =
Earth, H 1.606
Wind. W 1.600 Concrete Data - NSO
nd, \ +oUY fe psi=  3,000.0 3,006.0 3,000.0 3.000.0
Seismic, E 1.000 Fy psi= 80,0000 600006 600000 60,0006
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TCPI

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wali No. 1

Title - Wall “E" H= 24’ Normal Page:
Job # : E-05129 Dsgnr:  JJF Date: MAY 24,2005
Description.._.

Wall " Height 'H' = 24'-0" Nommal loads EFP = 81pcf

This Wall in File: C:\Program Files\RP2005\los alamos rw.r}

Retain Pro 2005 | 7-Apni-2005, {c} 1983-2005
www.retainpro.comi/support for latest release
Registration # : RP-1141388 2005001

Cantilevered Retaining Wall Design

Code: IBC 2003

. Footing Design Results l

Toe Heel
Factored Pressure = 4,181 1.683 psf
Mu' : Upward = 58,621 50,761 ft-#
Mu' . Downward = 6,126 146,865 fi-#
Mu: Design = 52,498 $6,104 ft-#

4372 66.80 psi
82.16 82.16 psi

Actual 1-Way Shear
Allow 1-Way Shear

L LS L A T 1]

Toe Reinforcing #9@ 12.00in
Heel Reinforcing #9@1225in
Key Reinforcing #7@ 1250in Key:

Other Acceptable Sizes & Spacings
Toe: #4@ 3.75in, #5@ 5.75 in, #6@ 8.00 in, #7@ 10.75 in, #8@ 14.25 in, #9@ 18.0
Heel: #4@ 2.50 in, #5@ 4.00 in, #6@ 5.50 in, #7@ 7.50 in, #8@ 9.75 in, #9@ 12.25

Summan_'x of Overtuming & Resisting Forces & Moments I

-....OVERTURNING.....

Force Distance Moment
item Ibs ft ft-#
Heel Active Pressure = 17,5711 8.75 163,747.1
Toe Active Pressure = -129.1 0.75 -96.8
Surcharge Over Toe =
Adjacent Footing Load =
Added Lateral Load =
L.oad @ Stem Above Soil =

Total = 174420 O.TM. = 1536503
Resisting/Overturing Ratio = 2.70
Vertical Loads used for Soil Pressure = 40,689.5 {bs

Vertical component of active pressure used for soil pressure

..... RESISTING.....
Force Distance  Moment
ibs ft ft-#

Soil Over Heel = 21,840.0 11.50 251,160.0
Sloped Soif Over Heel =

Surcharge Over Heel =

Adjacent Footing Load =

Axial Dead Load on Stem= 0.00

Soit Over Toe -

Surcharge Over Toe =

Stem Weight(s) = 90000 6.75 60.750.0
Earth @ Stem Transitions _

Foating Weight = 50625 7.50 37.968.8
Key Weight = 750.0 6.75 50625
Vert. Component = 40370 15.00 60,554.9

Total=  40,689.5 Ibs R.M.= 4154962

DESIGNER NOTES:



30.in Concw/ #5 @ 12.inolc

30.in Conc w/ #5 @ 6.in ofc

30.in Conc w/ #7 @ 6.in o/c
30.in Conc w/ #9 @ 6.in o/c
#3@12.in
@Toe
Designer sefect

#9@12.25a horiz. reinf.
@ Heel See Appendix A
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TCP!

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wall No. 1

Title
Job# : E-05129
Description. ...

- Wall ‘E" H= 24 Seismic

Page:
Date: MAY 25,2005

Dsgnr: JJF

Wall "E™" Height (H) = 24'-0" Seismic EFP =62 pcf

This Wall in

File: C:\Program Files\RP2005\los alamos rw.rq

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

Cantilevered Retaining Wall Design

Code: IBC 2003

! Criteria l

|Soil Data ] |

| Footing Dimensions & Strengths | ]

Retained Height = 24001 Aliow Soit Bearing = 5,000.0 psf Toe Width = 5.50 ft
Watl height ab i = 0.00 ft Equivalent Fiuid Pressure Method Heel Width = ..%850
al height above Soft = el Heel Active Pressure = 620psHft  Total Footing Width = 15.00
Slope Behind Wall = 0.00:1 Toe Active Pressure = 620psfht Footing Thickness = 27.00in
Height of Soil over Toe = 0.00in Passive Pressure = 54.0 psfift Kev Width ~ 30,001
Water height over heel = o0ft Soit Density = 130.00 pef K:; Dejpth = 24:88 :rr:
Footing||Soil Friction = 0650 Key Distance from Toe = 5.50 ft
Wind on Stem = 0.0 psf Soil height to ignore . .
fi i = 00 i fc = 3.000 psi Fy = 60,000 psi
Of passive pressure 0.001in Footing Concrete Density = 150.00 pcf
Min. As % = 0.0018
Cover@ Top = 2.00in @ Btm.= 3.00in
Surcharge Loads | Lateral Load Applied to Stem l Adjacent Footing Load
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #ft Adjacent Footing Load = 0.0fbs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 & Footing Width = 0.00#
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Used for Sliding & Overturning Wall to Ftg CL Dist = 0.00 ft
| Axial Load Applied to Stem Footing Type ‘
" Base Above/Below Soil
Axial Dead Load = 0.0 Ibs at Back of Wall 0.0ft
Axial Live Load = 0.01bs . . . -
Axial Load Eccentricity = 0.0in Polsson’s Ratio 0.300
*Design Summary | Stem Construction ' TopStem __ 2nd 3rd 4th
. Stem OK Stem OK Stem OK Stem OK
Wall Stability Ratios Design Height Above Ftc  fi= 20.00 13.00 5.00 0.00
Overturning 221 OK Wall Material Above "Ht" = Concrete Concrete Concrete  Concrete
Sliding = 1.15Ratio <1.5!  Thickness = 3000 30.00 30.00 30.00
Rebar Size = # 5 # 5 # 7 # 9
Total Bearing Load = 40,562 Ibs Rebar Spacing = 12.00 6.00 6.00 6.00
~-fesuitant ecc. = 2290 in Rebar Placed at = Edge Edge Edge Edge
. Design Data
Soil Pressure @ Toe = 4,769 pst OK fo/FB + falFa = 0.025 0.262 0.712 0.672
S‘j:‘;'es;“’e @Heel = . ggg ps: oK Total Force @ Section Ibs= 6944 52514 156674 24,998.4
wable = 000 ps -
Soil Pressure Less Than Allowable momeﬂt»-'-Aclfual " :ﬁ_ gggz ; 9,255.1 129.i§6.9 ; gggg;g
ACI Factored @ Toe - 5.171 psf oment.... Allowable = 37.239. 3.629.0 9,428.0 237,
AC! Factored @ Heel = 694 psf Shear.....Actual pS! = 21 16.2 48.4 759
Footing Shear @ Toe = 53.2 psi OK Shear..... Nlowable psxi 82.2 82.2 82.2 82.2
Footing Shear @ Heel = 78.7 psi OK Wall Weight psf= 3750 3750 375.0 375.0
Allowable = 82.2 psi Rebar Depth 'd’ in= 27.00 27.00 27.00 27.44
Sliding Calcs (Vertical Component NOT Used) LAP SPLICE IF ABOVE mf 21.36 21.36 37.38 48.06
- LAP SPLICE IF BELOW in= 21.36 21.36 37.38
Lateral Sliding Force = 21,2040 1bs HOOK EMBED INTO FTG in = 17.25
less 100% Passive Force = - 487.7 Ibs M Data n ’
iess 100% Friction Force = - !3,824.1 Ibs ponry psiz
Added Force Req'd = 0.0 ibs OK Fs psi=
..for 1.6: 1 Stability = 7.484.2 ibs NG Solid Grouting =
Load Factors — ... Special Insp.ec‘ti?n =
Building Code IBC 2003 Modular Ratio 'n =
Dead Load 1.200 2“9“ Tg';?; FTE;‘C,*‘“ =
ive Load 1.600 qutv. Sofi icK. =
Live Loa 0 Masonry Block Type =
Earth, H 1.400
Nind W 1800 Concrete Data -
Wind, W 60 fe psi= 30000 30000 30000 30000
Seismic. £ 1.800 Fy psi= 60.000.0 60.000.0 80,0000 60,000.0
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TCPI Title : Wall 'E' H= 24 Seismic
436 Creamery Way, Suite 100 Job # E-05129 Dsgnr:  JJF
Exton, Pa 19341 Description....

Los Alamos Retaining Wali No. 1

Date:

Page:
MAY 25,2005

Wall “E* Height {H) = 24'-0" Seismic EFP =62 pcf

This Wall in File: C:\Program Files\RP2005\los alamos rw.n

Retain Pro 2005 | 7-April-2005, {c) 198%-2005 . . N
www.retainpro.comisupport for latest release  Cantilevered Retaining Wall Design
Registration # : RP-1141385 2005001

Code: IBC 2003

. Footing Design Resuits I

Toe Heel
5,171 694 psf

Factored Pressure

Mu' : Upward = 69,932 34,056 ft#
Mu' : Downward = 6,126 145439 ft-#
Mu: Design = 63,807 111384 fi-#

Actual 1-Way Shear
Allow 1-Way Shear

53.22 78.68 psi . i
82.16 82.16 psi  Other Acceptable Sizes & Spacings

{73 I R TR 1

Toe Reinforcing #9@ 12.00in Toe: #4@ 3.00in, #5@ 4.75 in, #6@ 6.50 in, #7@ 8.75 in, #8@ 11.75in, #3@ 14.75
Heel Reinforcing #9@1225in Heel: #4@ 2.50 in, #5@ 3.75 in, #6@ 5.25 in, #7@ 7.00 in, #3@ 9.00 in, #9@ 11.50
Key Reinforcing #7@ 12.50in Key:

Summary of 0vertuming & Resisting Forces & Moments

-

..... OVERTURNING..... -...RESISTING.....
Force Distance Moment Force Distance  Moment
em Ibs ft f-# bs ft ft-#
Heel Active Pressure = 21,3609 8.75 186,908.2 Soit Over Heel = 21,840.0 11.50 251,160.0
Toe Active Pressure = -156.9 0.75 -117.7 Sloped Soil Over Hee! =
Surcharge Over Toe = Surcharge Over Heel =
Adjacent Footing Load = Adjacent Footing Load =
Added Lateral Load = Axial Dead Load on Stem = 0.00
Load @ Stem Above Soil = Soil Over Toe =
Surcharge Over Toe -
StemWeights) - gopg0 6.75 60,750.0
- e Earth @ Stem Transitions _
Total = 21,2040 OTM. = 186,790.5 ; i
' Footing Weight = 50625 7.50 37,968.8
Resisting/Overturning Ratio = Key Weight = 750.0 6.75 5,062.5
. . ~ Vert. Component =
Verticat Loads used for Soil Pressure = 40,562.2 Ibs = 38087 15.00 58,645.8
Total= 40,5622 lbs RM.= 413,587.0

Vertical component of active pressure used for soil pressure

DESIGNER NOTES:



#@12.in
@Toe

Desi
#3@12.25m)

@ Heel See Appendix A

30.in Conc w/ #5 @ 12.inolc

igner select
horiz. reinf.

40"
30.in Conc w/ #5 @ 6.in o/c !
7-0"
30.in Conc w/ #7 @ 6.ino/c -1
24'-0" 124'-0"
81_’0'1
30.in Conc wi #3 @ 6.in o/c
5.0
2
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s 5 =T
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TCPI

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wall No. 1

Title . Wall'E' H=24' Equipment
Job# : E-05129 Dsgnr:  JJF
Description....

Wall “E" Height (H) = 24’-0" Equipment Load EFP =46

This Wall in File: C:\Program Files\RP2005\los alamos rw.r|

Page:

Date:  MAY 25,2005

Retain Pro 2005 | 7-April-2C08, (¢} 1989-2005
www.retainpro.com/support for latest release
Registration # : RP-1141385 2005001

Cantilevered Retaining Wall Design

Code: IBC 2003

| Criteria ] Soil Data

. Footing Dimensions & Strengths I

Retained Height = 2400 ft Allow Scil Bearing = 5,000.0 psf Toe Width = 550#
vf ;’ ;’e_ o ’i 1 - ooo Equivalent Fiuid Pressure Method Heel Width = 950
aliheight above soit - = - Heel Active Pressure =  460psfift  Total Footing Width = 1500
Stope Behind Wali = 000:t Toe Active Pressure = 46.0psift  Footing Thickness = 27.00in
Height of Soi over Toe = 0.00 in Passive Pressure = 54.0psfit Key Widt _ 30,00
Water height over heel = ooft Soil Density = 130.00 pcf K:z Delpt:; - 24.00 :2
Footing{]Soil Friction = 0.650 Key Distance from Toe = 5508
Wind on Stem = 0.0 psf Soil height {o ignore . .
£ ; = 00 fc = 3,000 psi Fy = 60,000 psi
OF passive pressure 0.00in Footing Concrete Density = 150.00 pcf
Min. As % = 0.0018
Cover@ Top = 2.00in @ Btm.= 3.00in
: Surcharge Loads i Lateral Load Applied to Stem l Adjacent Footing Load
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/fi Adjacent Footingtoad = 2,000.0lbs
Used To Resist Sliding & Overturning ...Height to Top = 0.00# Footing Width = 8.00ft
Surcharge OverToe = 0.0 psf _..Height to Bottom = 0.00ft Eccentricity = 0.00in
Used for Sliding & Overturning Wall to Ftg CL Dist = 6.00 ft
| Axial Load Applied to Stem | Footing Type ‘
Base Above/Below Soit  _
Axial Dead Load = 0.0Ibs at Back of Wall = 0.0ft
Axial Live Load = 0.0 tbs . . . =
Axial Load Eccentricity = C.0in Poisson's Ratio 0300
| *Design Summary | Stem Construction l TopStem __ 2nd 3rd 4th
" Stem OK Stem OK Stem OK Stem OK
Wall Stability Ratios Design Height Above Fig  ft = 20.00 13.00 5.00 0.00
Overturning 227 OK Wall Material Above "Ht" = Concrete Concrete Concrete  Concrete
Sliding = 1.46 Ratio < 1.5! Thickness = 30.00 30.00 30.00 30.00
Rebar Size = # 5 # 5 # 7 # 9
Total Bearing Load = 37,162 Ibs Rebar Spacing = 12.00 6.00 6.00 6.00
...resultant ecc. = 2473 in Rebar Placed at = Edge Edge Edge Edge
. Design Data
Soil Pressure @ Toe = 4,520 psf OK bIFB + falFa = 0.029 0.305 0.738 0.861
SoAll"Pres;ure @ Heel = s ggg ps; OK Total Force @ Section Ibs= 8733  5748.8 150486 23,074.3
owable = 000 ps =
S5l e o v oweAowl | AT lmes zass wmin orams
ACIFactored @ Toe = 5448 psf oment.....Allowable b= 37,239, 629, 428, 237
AC! Factored @ Heel = 525 psf Shear.... Actual psi= 27 177 46.4 701
Footing Shear @ Toe = 56.0 psi OK Shear..... _Allowable psnf 82.2 822 82.2 822
Allowable - B2z ps AP SPUBEFABOVE = 53 1% w3 xbos
Sliding Calcs (Vertical Component NOT Used) LA ! n= ' : 37.38 '
L LAP SPLICE IF BELOW in= 21.36 21.36 37.38
Lateral Sliding Force = 16,9249 1bs HOOK EMBED INTO FTG in = 17.25
less 100% Passive Force = - 487.7 Ibs M Data n ’
less 100% Friction Force = - 14,155.0 Ibs oy ba psi=
Added Force Req'd = 0.0 fbs OK Fs psi=
..for1.6:1Stability = 744.6 bs NG Solid Grouting =
Load Factors . . Special lnsp_ecfism =
Building Code IBC 2003 Moduiar Ratio 'n =
Dead Load 1.200 Short Temn Factor =
Live Load 1.600 Equiv. Sofid Thick. =
Masonry Block Type =
Earth, H 1.600
Wi 00 Concrete Data -
Vind, W 1.8 fe psi= 30000 30000 30000  3.000.0
Seismic, E 1.000 Fy psi= 60,0000 600000 600000 60,000.0
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TCP1

436 Creamery Way, Suite 100
Exton, Pa 19341

Los Alamos Retaining Wall No. 1

Title . Wall 'E' H=24' Equipment

Job# . E-05129
Description....

Dsgnr: JJF Date:

Page:
MAY 25,2005

wall "E* Height (H) = 24’-0" Equipment Load EFP =46

This Wall in File: C:\Program Files\RP2005\os alamos rw.rj

Retain Pro 2008 , 7-Apni-2008, {c} 1983-200¢

www.retainpro.comisupport for latest release  Cantilevered Retaining Wall Design

Code: IBC 2003

Registration # : RP-1141385 2005001
. Footing Design Results l
Joe Heel

Factored Pressure 5,448 525 pst

Mu' : Upward = 73,305 31,617 fi-#
Mu' : Downward = 6,126 101,651 it-#
Mu: Design = 67,180 70,033 ft-#

Actual 1-Way Shear 56.04 58.94 psi

Aliow 1-Way Shear

82.16 82.16 psi  Other Acceptable Sizes & Spacings

Toe Reinforcing = #9@ 12.00in Toe: #4@ 3.00 in, #5@ 4.50 in, #6@ 6.25 in, #7@ 8.50 in, #8@ 11.00 in, #3@ 14.00
Heel Reinforcing = #9@ 12.25in Heel: #4@ 3.00 in, #5@ 4.50 in, #6@ 6.25 in, #7@ 8.50 in, #3@ 11.00 in, #9@ 14.00
Key Reinforcing = #7@ 12.50in Key:

. Summary of Overtuming & Resisting Forces & Moments

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

Item - lbs ft fi-#
Heel Active Pressure = 15,8484 8.75 138,673.8
Toe Active Pressure = -116.4 0.75 -87.3
Surcharge Over Toe =
Adjacent Footing Load = 1.182.9 16.84 20,083.4
Added Laterat Load =
Load @ Stem Above Soil =

Total = 16,9249 O.TM. = 158,669.9

Resisting/Overturning Ratio = 2.27

Vertical L.oads used for Soil Pressure = 37,1616 Ibs

Vertical component of active pressure NOT used for soil pressure

..... RESISTING.....
Force Distance = Moment
ibs ft ft-#

Soii Over Heel = 21,840.0 11.50 251,160.0
Sloped Soil Over Heei =
Surcharge Over Heel =
Adjacent Footing Load = 509.1 11.50 5.854.5
Axial Dead Load on Stem= 0.00
Soil Over Toe =
Surcharge Over Toe -
Stem Weight(s) - g000.0 6.75 60,750.0
Earth @ Stem Transitions _
Footing Weight = 5.062.5 7.50 37.968.8
Key Weight = 750.0 6.75 5,062.5
Vert. Component =

Total= 37,1616 lbs RM.= 360,795.8

DESIGNER NOTES:



#9@12.in
@Toe

Desi
#9@12.25%0

30.in Conc w/ #5 @ 12.in o/c

@ Heel See Appendix A

40"
30.in Conc w/ #5 @ 6.in o/c
70"
30.in Conc w/ #7 @ 6.in o/c
240" 240"
80"
30.in Conc w/ #3 @ 6.in o/c 1
2 1/ " 5.0"
2
b 4
)
2-3"
¥ o
,T_:i
20" |
gner select :
horiz. reinf. N &
5'-6" 2-6" 70" -
5’_6" 9“6"
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= 2000.#
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Adj Fig Load

Ecc.= 0.in
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TCP! Standard Calculation Sheet 1of9 wil
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 19341 Wall Mk. 'E’ Seismic Wail £ Seismic.med .
610-524-5920 .
il
WALL Mark 'E' Secismic Loads "y
Definitions: wil
B = Width of Toe (feet) h wall = Height of Wall over base (feet) "
C = Width of Heel (feet) tyase = thickness of Base (feet) sl
W = Width of Base (feet) Lyem = Thickness of Stem (feet)
vy = density of backfill (pcf) "
Yeoncrete denSity =150 pCf will
EFP_,,.. = Design equivalent fluid pressure (pcf), static condition. -
EFP, ¢ = Design equivalent fluid pressure (pcf), Active Earth pressure under seismic o
conditions.. : will
¢ = Internial angle of friction of the soil.
8 = Friction angle of soil to concrete wall. .
K, = Alternate seismic force developed from the Geotechnical Calculations page 12 in Appendix ‘B’ i
ey
il
Walt Mk. 'E' Data:
IQQ
B =55 (feet) hyali == 24.0 (feet) tstem == 2.50 (feet) v
)
C:=170 (feet) W= 15 (feet) tpase == 2.25 (feet) i
&
Soil Data:  y:= 130 (pcf)  &:= 22-deg 6 = 32-deg i
il
t EFPgyic == 46 (pcf)
B X JStem C e
rr L \
o EFPAE = 62 (pcf) wil
[ Le
Kp = 0.09 i
= wil
ES
K
"
Y
o
‘*‘ TEIRE g o S it il
L A Gohe e bl GATIET A T ’ H‘
J W J ‘ il
™~ ~
WALL STABILITY ANALYSIS "
1]
]
il
M%

winilh



TCPI

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

Standard Calculation Sheet
Subject:
Wall Mk.'E' Seismic

20f9
Date: 5/31/2005 7:41 AM
Wall E Seismic.mcd

B+t2 J
'3

W2

w-C2

Stabilizing Forces

Driving Forces:

. ] 2
(EFPgaic -0

P g S
ST 1000
: 12
(EFPAE)- =(H)
PSE = ~

APy = Psg -~ PgT

. 2
Kp-y-(H)

APy =
1000

Weights:

Wstem = (0-150)-hyajitgem

Whase i= (0.150)-W-tpaqe

¥-hyalrC
1000

Wil =

H = hyall *+ thase

Pgr=15.848  (kips)

Pgg = 21.361 (kips)

APy =35.512 (kips)

APy = 8.062 (kips)

(kips.per foot)

Woem = 9.000

Whase = 5.063

Wit = 21.84

H=2625 (feet)

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

Let: A= |
i;,\ AP’_}_ j

/
/

AP = max(A)

AP = 8.062 (kips)




TCPI Standard Calculation Sheet 30f8
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 18341 Wall Mk. ‘E' Seismic Wall £ Seismic.mcd

6710-524-5920

Driving Forces and Moments about the Toe:

N =7
WIS WA

Eanth Seismic

Pressure foad
Distribution Distribution

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

HDF := (Pst + AP)-cos(8) HDF = 22.169 (ips)

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

Mg := (Ps1-0.333-H)-cos(8) + (AP-0.6:H)-cos(8) Mg =246179  (fi-kips)

Resisting Forces and Moments about the Toe:

Resisting Forces (RF) neglecting passive pressure, a conservative analysis:
RF := tan{6 }(Wegem + Whase + Weojt + Psr-sin() + AP-sin(5))

RF =28.031  (kips)
"Factor of Safety" against sliding is the ratio of RF to HDF

RF

— Ratiogligine = 1.264
HDF stiding

Ratiogfiding *=
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Standard Calculation Sheet
Subject:
Wall Mk. 'E' Seismic

TCPI

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

40f9
Date: 5/31/2005 7:41 AM
Wall € Seismic.mcd

Resisting Moments about the Toe M _:

4 N\
W

N

M, = 495.484 (ft-Kips)
"Factor of Safety" against overturning the ratio of M to M,

My,

RatiogT = -G-d-

RatiogT = 2.013

Calculate Soil Bearing Pressurs:

Net Moment: AM = M, - My AM = 249.305

X e AM .
(Wstem + Whage + Wil + PST-sin(S) + AP'Sin(a))

R := (Wstem + Whase + Weoit + Por-sin(8) + AP-sin(5))

A
2

Eccentricity (e): €= -X e = 1.943 (feet)

w
ife<—
6

otherwise

Eccentricity ;= |"OK Within Middle Third"

"Non in Middle one-third"”

Eccentricity = "OK  Within Middle Third"

R

SPy = —-(; + = SPy = 3378
wi o w
R/

SPyi= — | - — | SP} = 2.603
Wi W)

, s (... CY
M= Wswm‘(B + tste-m_) + Wbase’?\ b % + Wsoit’i\W - ".,‘) + (PST +
-/ “~

Maximum Soil Pearing Pressure (kips/fi2 )

Minimum Soil Pearing Pressure (kips/fi? )

AP)-W-sin(é)

(ft-kips)

R =44.86

]
9
(¥}

ol




TCPI Standard Caiculation Sheet 50f9
436 Creamery Way  Suite 100 Subject: Date: 6/31/2005 7:41 AM
Extoni, PA 18341 Wall Mk. 'E' Seismic Wall E Seismic.med

610-524-5920

Concrete Design:

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

See Section 9.2 of AC1319-02
Up =12 Uy = 1.6 Ug:= 1.0

Rutt = (UpL-Wsiem + UpL-Whase + Uk Wsoil + Ug-PsT-sin(8) + Up-AP-sin(5))

Mg_uit = Up{ (Ps7-0.333-H)-cos(8) + (aP-0.6.H)-cos(5) ]

A

I3 T 7, W 7 ; C
Mr_uit_1 = UpL-Wstem'(B + tstem) + UDL'Wbase‘('z") + UDL‘“soir(W - *;)

Mr_ult__z = UDL'[(PST + AP)-W-sin(‘o‘)]

Mp yie:= Mr_pp_ 1+ Mr_ule 2

Net Ultimate Moment:  AM,, := M; it — Md_alt AMyy, = 348.402 (ft-kips)

Xolt = 7308 (feet)

Ryj = 47.672 (kips)

. . . . w \ w .
Eccentricity (e): euit = 7~ Xuie eyit = 0.192 (feet) i 25 (feet)

. . b a g . . W
Eccentricity := | "OK  Within Middie Third" if e,y < “6——
“Non in Middle one-third" otherwise

Eccentricity = "OK  Within Middle Third"

v Ryrt { eult.\‘ . .. . . PPN
SPy = —\-\—{ s .\.—X—}I SPy ui = 3.219 Maximum Soil Pearing Pressure (kips/fi?)

é!l,
sl
=
ik
tﬂ!!
Xﬁﬁi
Ll
il
il |
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"y

wil
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60f9
Date: 5/31/2005 7:41 AM
Wall E Seismic.mcd

610-524-5920

Minimum Soil Pearing Pressure
(kipS/"ﬂz)

SPy g =3.138

ASPyjr = SP2 yjr — SPy uit ASP,y = 0.081 (kips/fiz)
sp
3 sP
——\\ [
SP,
SP f‘ N
2 i 1
- Al SpP
Pressure Diagram - Toe & Heel
Soil Pressure at Front Face of Stem:
ASPuh
SP3 yig:= SPy i - -(B) SP3 )¢ = 3.189 (ksf)
Soil Pressure at Rear Face of Stem:
ASPU]( -
SP4_uje:= SPy it - (B + tstem)  SP4 un=3175  (ksf)
Moment at Front Face of Stem:
2 2
B 2 . B
Myoe = SP3 uit vt = (sPy ult ~ SP3_uit)- 2 (: ‘B ~ Up(0.150) thase (T}

Mige = 42.408 (ft-kips)




TCPI Standard Calculation Sheet 70f9
436 Creamery Way  Suite 100 Subject: Date: 5/31/2005 7:41 AM
Exton, PA 19341 Wall Mk. 'E" Seismic Wall £ Seismic.med

610-524-5920

Concrete Data:

f.:=3  ksi f,:= 60  ksi My = Mioe ft-kips

b= 12  inches do= (12)tpgse -4  d=23  inches dr o= 0.90

A calculation is from CRSI Handbook

e

17Fcbd | |289(fcbd)’ 68 fcbMy12

As_required =

2-f, 2 2 ) \2
’ (£) or()
2 As_required
As required = 0.417 Inches p = d p =0.0015

Shear in Toe:

Soil Pressure at d from front face:

ASPyy d
SP31_uit = SP2_ult - 1B -

—‘5) SP3; wi=3.199  (ksf)

. d d\
Vige = SP31_un-(B - ;) + (SP,'Z_ult SP31 i) ( ) ( - *;)

“

Vioe = 11.499 (kips/foot)
0.75-12-d-(2 -Jf‘ -1000
OVy = (00)0 < OVy = 22,676 (kips/foot)
1

Moment at Rear Face of Stem in the Heel:

'7 >
o ) {1 \ . ) (C"
Mpeej = SPt _ule e +(SPy _ult — SPy uH = :; UDL'(OJJO)‘%:&&(”{

)

\.....___

Mpeel = 67.256  (ft-kips) Let: My = Mheel
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610-524-5920

Al calculation is from CRSI Handbook

2
1.7fcbd  § [289(feb-d)”  6.8fcb-My12
Ag required = - : -
"~ 2, 2 N2 N2
’ v (8) o(fy)
As required = 0.669 Inches? p = —A—g—“—:iq;ﬂ p = 0.0024
Shear in Hell:
Soil Pressure at d from front rear face of stem:
SP41 uit:= SPy_an + - '(C - ?’.) SP41 it =3.165 (ksf)
d 1 d
V) = SP 4C~-—1+(SP - SP -1 C-—
heel I_ult ( ]2) ( 41_ult l_u)t) (2) ( 12)
Vhee| = 16.019 (kips/foot)
0.75 12rd~(2)~\/t‘ - 1000 .,
$Vp = 1000 = oVy, = 22.676 (kips/foot)

Moments in Stem:

Driving Forces:

i 2
( EFPStaﬁc) S ‘(h wall)?

Pgy = Pgr = 13.248 (kips)
ST 1000 sT=12

o 2
(EFPAE) = -(hvan)

Pop = Psr = 17.856 kips
SE 1000 SE {kips)

APy = Pgp - Pst1 APy = 4.608 (kips)




TCPI Standard Calculation Sheet
436 Creamery Way  Suite 100 Subject:

Exton, PA 19341 Wall Mk. 'E’ Seismic
610-524-5920

9of9
Date: 6/31/2005 7:41 AM
Wail £ Seismic.mcd

2
Kn-¥-{Bwaii)”
APy = Kay (ban)” AP5 = 6.739 (kips)
- 1000

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

/APl ) .
Let: A= AP = max(A) AP = 6,739 (kips)
APy

Mitem = Ug{ (Pst-cos(8)-0.333hyay) + (AP-0.600-hyuq)]

Mgiem = 195.213 (fi-kips)  Let: My = Mgem d = (12)-tgrem ~ 3.0
A, calculation is from CRSI Handbook d=27  (inches)
o lrfebd 289-(fb-d)° | 68 fcbMy12
s_required - 2. fy 2 ( fy)z b ( fy)2
As_required = 1.713 Inches? = }—\%:ﬁ‘l 0 =0.0053
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LIST OF REFERENCES;

1.0
2.0
3.0

4.0

International Building Code (IBC) 2003 edition

Building Code Requirements for Structural Concrete (ACI 318-02)

Basics of Retaining Wall Design - A Guide for the Practicing Engineer, 6™
Edition, April 2005 by Hugh Brooks, HBA Publications, Inc.
www.retainpro.com

CRSI Design Handbook 1996 Edition.
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Geotechnical Calculations

(By WESTON Solutions)
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ROLUT 0N '.1‘ SHE)EI.A.,_.__ of ( .
W.0. NO. LAICN - CCR.CD).

SUBJECT }Q??} ?xtﬁyf

K DESCRIPTION ,\f/ff/ ad & Fur ,/i; ffﬁ) Aot 4" (o 17 > . TASKNO.
SREPARED BY (D pept{tatd. pare S l ﬁ’ o4 APPROVED BY
MATH CHECK BY DEPT DATE
METHOD REV. BY DEPT DATE DEPT DATE

1 Speonier
:éioé/Mé/ wmﬁ

/QC, Zm%
/¢ (4{:2:,/ M
Ao )bfé/ﬁ,ﬂ%»}w Jsodle
§ﬁz Consnbl M AT A oo

g,ﬂ @w& Lorads - W

AR A
MM
= %\. /6/4 I /)“jfw{ G}
f

J

,[93%577 > S = 33857
5 /(?‘7é7>1 — D, = .0?'7é=<3
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= 5?; Frols. S Leonbloras SO o

.}

C4P-0E85




Zipcode Lookup Oufput! Page 1 of 1

22—

a2 USGS

Earthquake Hazards Program

/4505>;7&447§§5, ﬁjﬁ4

The input zip-code is B87544.

Z2iP CODE 87544

LOCATION 35.8678 Lat. -106.2682 Long.
DISTANCE TO NEAREST GRID POINT 4.5840 kms

NEAREST GRID POQINT 35.9 Lat. -106.3 Long.

Probabilistic ground motion values, in %g, at the Nearest Grid point are:

16%PE in S0 yr S5%PE.in 50 vr  2%PE in 5¢ yr

PGA 8.963270 14.212500 26.153641.
0.2 sec SA 20.23122¢0 ‘33.854210! 66 59.350050
0.3 sec SA 18.002939 28.778B629 54.664909

1.0 sec S 5.927866 -5, 18.967649

The mnput zip-code is .
Zip code is zero and we go to the end and stop.

PROJECT INFO: Home Page
SEISMIC HAZARD: Hazard by Zip Code

hitp://eqint.cr.usgs.gov/eg/cgi-bin/zipcode.cgi
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WESTEN 3

T . SHEET of
CLIENT/SUBJECT W.0. NO.

TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPT DATE

— e /4,6&/ /é/s’/. éﬂ&«%

04P-0885




CLIENT/SUBJECT W.0. NQ.

TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPT DATE

o
s e B
— 65 = .35‘5’-‘9/3
B, = .02 4
' ,-Ff éhdt}ua/érgd Z :
= 1.0 —~ b sers1.2()
Fo= (0 —~>Thh 15tz

fgﬁs Ff%; (2‘5(?3§£\3
= .33‘65& -
6?"1. Fé C[.O\CA?VQ%\
= .07766
- Bon Gt (615.(.3
S = '_2.31546 = (mg@

= 065"
-
04P-0635 an employee-ovwned com%vy
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VR /TR, SHEET ‘S of
CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE
METHOD REV. 8Y DEPT DATE | DEPT DATE

U
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04P-0685 an empidlyee-owried company



, SHEET __éof _—

CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE
METHOD REV, BY DEPT DATE DEPT DATE
- :
— oo %« (ol

04P-0685
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an employee-owned company
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ot

CLIENT/SUBJECT W.0. NO.

TASK DESCRIPTION ~ TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPT DATE

D 5/MQ" éﬁ_‘ér_uzg CDM‘D""O“

/RN

=
b = (e mi%m@@w—eo’(wﬂ//@ ;
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CLIENT/SUBJECT
TASK DESCRIPTION

PREPARED BY

MATH CHECK BY

METHOD REV. BY

< K&'}

04P-0685

SHEET ‘5 of

W.0. NO.
TASK NO.
DEPT DATE APPRQVED BY
DEPT DATE
DEPT DATE DEPT DATE
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Q W*é‘*@

an employee-owned company
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CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPY DATE
METHOD REV. BY DEPT DATE DEPT DATE
R W o fa 10
Up = 259

T T T T T
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TCP1 Standard Calcutation Sheet 1ot
436 Creamery Way  Suite 100 ~ Subject: Date: 5242005 5:20 PM
Exton, PA 19341 Los Alamos Retaining Wall Coulomt Ka Calcudation.med
610-524-1357 M-C Equation

¢ = 34.-deg B = 1.72-deg §:= 22.deg

o = 90-deg

(sinla + Q))z

Ky=

The Mononobe-Okabe Equation
Kp:= 090 8 := atan(Kp)
8 =8

0 = B-deg

(si{la + 0" - ¢))2

ovtoq o [Fe raleda Y
Gsina)) -sinla - 8) [1 + jm.-—_r‘m*sin(a Y PN B)}

&= 9-——1‘—
de;

Kap =

AKap = Kag - Ky

e [ v o n "
(sin(a})zsin(a +0 + 5)-(1 + sinlg + &) sinlé - 8 - B)

sin{o + & + 8%)-sinla - B)

AKAE = 0.058

Jz-cos(ﬂ')

Kq = 0.259

8 =5.143

KAE = 0317
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SHEET I { of

CLIENT/SUBJECT W.0.NO.

TASK DESCRIPTION TASK NO.

PREPARED BY DEPT DATE APPROVED BY

MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPT DATE
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WESTEN ‘2 —
PAGITTIO N SHEET
CLIENT/SUBJECT W.0. NO.
TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE
METHOD REV. BY DEPT DATE DEPT DATE

Kp(é s (= o +6)

o ) [
o xéfebf«\@—@/‘

d/ KH‘-"’ éj_p__é{' L{Oéos L[o(zz@

T o /.D?%_

+ h(EED - Ao

@Mﬂ Kﬁé = ,317 éfmgém%

04P-CEBS an employee-owned company
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WESTEN |3

E " W G SHEET ___ ot
CUENT/SUBJECT W.0. NO.
TASK DESCRIPTION TASK NO.
PREP ARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT

METHOD REV. BY DEPT

M’O KO‘Z

b Koe= 2(._‘3@; .az% W“fm
% Kgé = Kﬁé *Koé _ 'g/‘?‘(,..ég%

R Z—
: = (8
W Y- léé = e OBO Py

04P-0685

an erployes-gwaned company
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CLIENT/SUBJECT WO.NO. i)

TASK DESCRIPTION TASK NO. -
PREPARED BY DEPT DATE APPROVED BY i
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPY DATE -
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SHEET /gof

CLIENT/SUBJECT W.0. NO.

TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MAT H CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPY DATE
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SHEET ~L<‘."o: .

CLIENT/SUBJECT W.0. NO.

TASK DESCRIPTION TASK NO.
PREPARED BY DEPT DATE APPROVED BY
MATH CHECK BY DEPT DATE

METHOD REV. BY DEPT DATE DEPTY DATE

24P-0685

an employec-owned company
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. SHEET (7 of __
. CLIENT/SUBJECT W.0. NO.
TASIK DESCRIPTION TASK NO.
" PREFARED BY DEPT DATE APPROVED BY
‘ MATH CHECK BY DEPT DATE
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Slove Sixes Percont Passing

} il OGBC
25mm(tin,) 100 100 100
19 mm (3/4 in.} 80100 85100 90--400
8.5 mm (W8in.) — - 20-65
A.75 mm (No. 4) 30-60 40-70 0-10
2.0 mm (No. 10) 2045 30-55 —
75 um {No, 200) 310 4-12 0-2
2FF* 50% or More 50% or More 100%

* Fractured faces tests shall be petformed on the material retained on the 4.75-mm
(No. 4) siave. The retained material shall have at least two fractured faces as evalu-
ated by NMSHTD Method FF-1, "Fraclured Face Dstermination for Coerse Aggre-
gate.*

Type | and Type H aggregate shall have an Aggregate Index of 35 or less when cal-
culated in accardance with Section 910. The liquid limit shall be 25 or less and the
plastic index shall ba six of less.

OGBC shall have an Aggregate Index of 35 or less when calculated in accordance
with Section 819,

When RAP Is used, the requirements for the Aggregate tndex shall apply to the ex-
tractedt aggregate. When RAP is used In combination with untreated aggregate, the
Aggregate Index shall be determined separately for each and each shall comply with
the specification requirements.
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7. EARTHQUAKE (SEISMIC) DESIGN

Earthquake (Sefsmic) Loading

Texis tha address seismic design of retaining walls (¢.g. Bowles, Kramer)
scknowledge that seismic design of retsining walls is a highly complex issve,
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 lo the designer.

Even the necessity of seismic design of retaining walls is arguable, considering
compensating safety factors (e.g. 1.5 overtuming safety factor). Earthquake
caused retaining 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 arc not a life-safety issue. However, these arguments are moot
considering the mandatory ianguage of IBC and ASCE 7.

IBC 2003, Secction 1622.1.2, refers to and modifies ASCE 7 to read as follows:

* ... This section applies 1o all carth retaining walls, The applied
seismic forces shall be delermined in accordance with Section 9.7.5.1 [
This section states that “... the owner shall submit to the authority
having Jurisdiction o written report that includes an evaluation of the
items in Section 9.7.4.1 and the lateral pressures on basement and
retuining walls due to earthquake motions ", Section 9.7.4, lidentifies
items to be included in the geotechnical report to be submitted *, when
required by the authority having jurisdiction}

This clearly requires a seismic analysis of “carth 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 (CBC
'01) do not appear to specifically sequire seismic design of “earth retaining
structures™ unless the requirements for “non-buildng structures” in CBC 01
could be so interpreted.

Basics of Retaining Wall Desien
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Check gpplicable local and state codes that may have specific seismic design
reguirements 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 (19 abe (1926), widely referenced today. Another !
contribution was a subsequent ASCE paper by Robert Whitman titled, Seismic

Design and Behavior of Gravity Retaining Walls, 1990, They considered this

Jateral force 10 be an inverted trinngular wedge of soil behind the wall. Seed-

Whitman proposed a simplified formula, based upon the Monanobe-Okabe

theory, for the combined static and seismic factor, which they termed Ky, to be

applied to this wedge acting against the wall. This was an adaptation of the

Coulomb formula to calculate the fotal (seismic and static) pressure and

introduced the variable 6, which is defined as the angle whose tangent is the

ground acceferation (0 = tan”! k)

This equation is presented in Figure 7-1.
Kae= active carth pressure coefficient
..... sin? (@ +6—¢")

2
eh i i g | sin (¢ + &) sin (¢ - 6'-8)
cosé' sin” asmin (@ + 8'+ 6) HVsin (@547 sin (q—ﬂ)}

Where 0 = 1an™ Ky, o0 = wall slope to horiz, (90° for a vertical {ace), 4 = angle of
internal friction, §§ = backfill slope, and & = wall friction angle.
The hotizontal component is K g cosd,
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o memt



e

‘ii

;-

Wiy

L]

i

For a vertical wall face and 6 assumed to be ¢2 Lhis becomes:

.2 .
Kape sin® {80 +0 ~¢)

Y]

9 sin? 9()+g+¢ 14 [ gin 1.5 4 sin (§ -6~ 7)
cosf? gin® ( A Vsin(%-t-%.po)m‘n(go_&ﬂ)

The total {orce (active und earthquake), Pag = }é {y) Kag H? where v = soil
density and H = retained height.
Figure 7-1, Mononobe-Okabe Equation

When the acceleration is zero, ky = 0, and Kag becomes the familiar Coulomb K,
formula.

Also, nole that passive the pressure coefficient decreases under seismic
conditions.

The passive earth pressure coefficient, Kpy is:
2 .
sin” (@~0+¢')

. » 2
cos@ sin? asin (@ +8'+ &) {1 + \,! sf:(ff: ; i?)(fm (thg)

Kpg =

Kag is thus two components (seismic and static). The seismic component (Kag -
Ka) is assumed to be an inverted, near-triangular trapezoid force (maximum at
the ground surface) acting at a height of 0.6 H. For stem design, R is the height
from top of footing to retained height, For overtuming and sliding, H is the
height at the back face of the fooling, along a virtual vertical plane from the
boltom of the footing to its intersection with the backfill grade.

The K4 component is the familiar {riangular distribution acting at H /3.

The height to the combined resultant can be obtained by the formula:

Bacico nf P atainine Wall Nesion

Py
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P, (H/3) +(P.e —P,) 0.6H
PAB

Xx=

The direction of force application, per the Coulomb formula, is assumed to be
inclisied at an angle (from horizontal) equal to the friction angle at the back face

of the stem, §, which is often assumed to be % . Therefore, the horizoatal
components can be assumed to be

PAE woriz. = €08 (%) P,\p,.

A simple approach 1o 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 0.5H,

K,prH?
Therefore, w = Z‘i-;;—_ = 0.5 K,z v H, where w is the equivalent uniform
lateral static plus seismic force. This simplification, while approximate, is
pasticularly helpful for checking stem moments and shears at various heights.

Seed and Whitman suggest an approximation of Kag = Ka + 0.75 k.. If, for
example, ky is 0.30 and K, = 0.27, then K5 approximate would be 0.495. This
would suggest an 83% increase over static K. However, the stern moments and
overturning are greatly increased since 0.75 ki, act at an assumed height of 0.60H.
Some geotechnical engineers use this method to give an added uniform scismic
force over the full retained height with resultant acting at 0.6H. Such a
requirement, therefore, might read “for seismic design add a uniform lateral force
=20 1 with the resultant applied a1 0.6H,

/7
/

Pf F.’:H
%&1

+33H

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 conclided 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.

NAVFAC for Scismic 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 scismic stresses.

AASHTO contains seismic design guidance for retaining walls in their Section 6
of Division I-A,

Determining ky

ky is the ground acceleration factor used in the Mononobe-Okabe (M-O) equation
to compute lateral seismic earth pressure in cantilevered retaining walls.

This is a desigo velue and not necessarily the most severe acceleration that could
occur at the site. Unless an arbitrarily reduced value of k, 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 IBC 2003, or ASCE 7-02, which has identical charts
(UBC '97 will he discussed later), select from the contours the Maximum
Considered Barthquake (MCE) ground motion for 0.2 second, spectral response
ncceleration at 5% of critical damping. Note that retaining walls are “short
period”, hence the 0.2 second selection.

There is an casier way. Go 1o hiip//eghazmaps usgs.gov This is a U.S.
Geological Survey address. Just enter your zip code (but latitude and longitude is
mote accurate). For example, Newport Beach, California, 2ip code 92660, gives
127.4 percent “g”, or 1.274. These maps arc somewhat different from IBC maps
and the latter are preferred and 8 zoom-capable CD is available from IBC.

Here is an example procedure for obtaining a design K, using the USGS Hazard
Maps:

Ragire af Retrinine Wall Derion
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From charts, §; = 1.274
(Al terms defined in referenced codes)

Sms = Fy 8,
F, = L0 (This is a function of soil characteristics and value of S,. See
Tahle 1615.1.2 in BC).
O Sus= L0x1.274=1.274
Sps = P Sws = 0.667 x 1.274 = Q.85
Per ASCE 7.02 Provisions Sec. 7.5.3:
Kn= %S% « 0,40 x0.85 = 0.34

(Note that this is about one-fourth MCE) Note also that the above example value
of ky is nearly the same as could be obtained using simplified base shear equation
16-56 with R = 3.0,

Altemnately, using UBC '97 and/or CBC '01;
Derive Ky from base shear, V, for non-building structure. (Terms defined in UBC

97 and CBC '01).
2.5C
Vo= -—wi{»‘l W Assume R = 3.0

For example design: C,=0.40,1= 1.0
Vo }_f_ig_%?}l_ﬁ W =0331W
This suggests Ky = 0.33 & 0.34 per BC,
Stmplified Soismic Force Application

The NEHRP 2000 Part 2 ~-Commentary states Seed and Whitman®s proposed
simpler approximation:

AKap~ (38 Kk, o APag~ (12WHY M)k, ~ 3/8)kyy i1’

ky, is the peak ground aceeleration modified per Provisions Sec. 7.5.3:
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where k,= Sps /2.5
Base moments, using this simplification, are therefore:

Masbasc = Pa (H/3) + (AP 5g) (0.6 H)
= yH' (0.17 K, + 0.225 ky)

An obscrvation from this is that the base momeonts from static and dynamic
{seismic) are equal when ky, ~ 0.75 Ky

An argusble issuc: 1f the seismic component is considered a factored force, and
since overtuming and soil pressure are based upon un-factored forces (E/1.4),
should the seismic component be reduced by 0.717

Vertical Distribution of Seismic Force on Stem

Here is a simplified method for assuming a uniformly applied force to the stem:

Since P,\E = PA‘*‘ APAB

y H? —
Pap s “ (75 k)= 375 kvl
p. - KoMl
4 2

Total force on steny: Py + AP = 5K, sz + 375 I, yH?

1 resultant acts at 0.5 H, the uniform lateral on siem

8K,y HY 4+.375K, v H?
H

= (S K,+.375 k) (YH)

For design example, assuming K, = 0.35, ky = .34, = 120
Fp = 3()“

Note that this simplified formula is got valid if there is a sloped backfill that will
significantly increase seismic forces.
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Seismie for Stem Self-weight

‘This is an argusable issue: whether to include the seismic force due to self-weight
of the wall acting simultancously with the seismic due to earth pressure. It does
not appear to be defined in the codes. AASHTO, however, in 5.5.4 siates:
“...seismic design forces should account for wall inertia forces in addition to the
equivalent static force, where a wall supparts a bridge structure...,”. But section
5.6.4, referring to flexible cantilever walls, stales that “Forces resulting from

wall inertia effects may be ignored in estimating the seismic lateral earth
pressure”.

Judgmen! indicates that seismic self-weight should be applied simultaneously
with scismic due to earth pressure,

Using ASCE 7-02, Section 9.6.1.3;

Fp in cquation 9.6.1.3-1, for cantilevered wall and assuming Ip = 1.0,
Reduces to: Fp= 0.4 Sps W,

Per above design example where Spg = 0.85,:
T = 04x0.8521.0W,=034W,

Using the UBC ‘97 method:

Fp w 51‘.9.!.‘&[1 + BL‘)W',
Ry h,

8, = 1.0, Re=3.0, %‘La 0 at bottom and 1.0 af top.
b, minimum is 0.7 C, I, W, r
F, for design is average between top and bottom
SFpow (1334070) /2= 1.015%[C, bW, )
For cxample design, C, = 0.44, 1= 1.0

L Fp = 045 W,

Basics of Retwining Wall Design Page 58
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Foundation Design Requirements

to provide a displacement ductility of approximately 4. Beyond the potential plastic hinge region, the
curvature ductility demand is nof considered to exceed that provided by the nominal moment capacity of
the section for non-carthquake loads.

7.4.4.4 Precast (noun-prestressed) concrete piles. For precast concrete piles, the longitudinat
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 current building code minimums for this pile type.

7.4.4.5 Precast-prestressed piles. The transverse reinforcement requiremnents are primarily taken from

L the PCI Committee Report (1993) on precast prestressed concrete piling for geographic regions subject to
' low to moderate ground motions. The amount of transverse reinforcement was relaxed for the pile region

greater than 20 feet (6m) below the pile cap to one-half of that required 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 where piles cannot be driven to or are overdriven beyond the

anticipated end bearing point clevation so that the length of the confining transverse reinforcement is

Equation (7.4-1), originally from ACI 318, has always been intended to be a lower bound spiral

transverse reinforcement ratio for larger diameter colurnns, 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 reinforcoment ratios from this formula are considered to be

sufficient to provide moderate ductility capacities.

High strength hard drawn wire with higher yield strengths is permitied to be used for transverse circular

: spiral reinforcement of precast prestressed concrete piles. Pile test specimens using this type of

i transverse reinforcement include the research done by Park and Hoat Joen (1990). High strength hard

drawn wire has yield strengths between 150 and 200 ksi. £, is conservatively limited to 85 ksi for this

i steel because hard drawn wire has limited ductility.

7.5 SEISMIC DESIGN CATEGORIES D, E, AND F

For Scismic Design Category D, E, or F construction, all the preceding provisions for Seismic Design
Category C applies for the foundations, but the carthquake detailing is generally more severe and
demanding.

7.5.1 Investigation. In addition to the potential site hazards discussed in Provisions Sec. 7.4.1,
consideration of lateral pressures on earth retaining strectures shall be included in investigations for
Seisntic Design Categories D, E, and F.

: /-‘—/Earth retaining structures. Increased lateral pressures on retaining struchures during earthquakes have

: long been recognized; however, design procedures have not been prescribed in U.S. model building

N codes. Waterfront structures 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 structures away from waterfronts arc generally limited with only a few cases of stability
failures or large permanent movements (Whitman, 1991). Due to the apparent conservatism or
overstrength in static design of most walls, the complexity of nonlinear dynamic seil-structure
interaction, and the poor understanding of the behavior of retaining structures with cohesive or dense
granular soils, Whitman (1991} recommends that “engineers must rely primarily on a sound
understanding of fundamental principles and of general patterns of behavior.™
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2003 Commentary, Chapter 7

Scismic design malysis of retaining walls is discussed below for two categories of walls: "‘}”idding"
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 displacement a1 the top of the wall of 0.002 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 restrained at the top and bottom are considered to be nonyielding.

Kk Yielding walls. At the 1970 Specialty Conference on Lateral Stresses in the Ground and Design of Earth

<, Retaining Structures, Sced and Whitman (1970) made a significant contribution by reintroducing and
ISl e reformulating the Monobe-Okabe (M-O) scismic coefficient anatysis (Monobe and Matsuo, 1929; Okabe,
1926), the earliest method for assessing the dynaniic lateral pressures on 2 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 carth pressure state, The M-O formulation is expressed as:

Py =(U2)yH* (1~,)K (€7.5-1)

" where: P is the total (static + dynamic) lateral thrust, v is unit weight of backfill soil, H is height of
backfill behind the wall, &y is verical ground acceleration divided by gravitational acceleration, and K
is the static plus dynamic latecal carth pressure coefficient which is dependent on (in its most general
form) angle of friction of backfill, angle of wall friction, slope of backfill surface, and slope of back face
of wall, as well as horizontal and vertical ground scceleration. The forrmmiation for K is given in

- texthooks 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, in terms of its static component (P,) and dynamic incremental component (4P5):

P =P +AP; ' (C7.5-22)
or

K=K +5K,;g (C7.5-2b)

AP =(U2yH AK ;4 (C7.5-2¢)

Sced and Whitman (1970), based on a parametric sensitivity analysis, further proposed that for practical
purposes:

AK z = (319K, (C7.5-3a)
AP =(1/ 2y H 31Ok, =(3/8)kyH? (C7.5-3b)

where k; is horizontal ground acceleration divided by gravitational aceeleration. It is recommended that
k 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; = $5¢/2.5). Eq. C7.5-3a and C7.5-3b generally
are referred to as the simplified M-O formulation.

Since its introduction, there has been a consensus in geotechmical engineering practice that the simplified
M-O formulation reasanably represents the dynamic (seisrnic) Jateral earth pressure increment for
yiclding retaining wails. For the distribution of the dynamic thrust, 48 (5, Seed and Whitman (1970)
recormmended that the resultant dynamic thrust act at 0.6 sbove the base of the wall {that is, inverted
trapezoidal pressure distribution).

Using the simplified M-O formalation, a yielding wall may be designed using either a limit-equilibrium

foroe approach (conventional retaining wall design) or an approach that permits movement of the wall up
to tolerable amounts. Richards and Elms (1979) introduced a method for seismic design analysis of
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Foundation Design Requirements

yiclding walls considering translational sliding 2s a failure mode and based on tolerable permanent
displacements for the wall. There are a number of empirical formulations for estimating permanent
displacements under a translation mode of failurc; these have been reviewed by Whittam and Liao
(1985). Nadirn (1980) and Nadim and Whitman (1984) incorporated the failure mode of wall tilting as
well as sliding by cmploying coupled equations of motion, which were further formulated by Siddharthan
et al. (1992} as a design method 1o predict the seismic performance of retaining walls taking inte account
both sliding and tilting. Aliernatively, Prakash and others (1995) described design procedures and
presented design charts for estimating both shiding and rocking displacements of rigid retaining walls.
These design charis are the resalis of analyses for which the backfill and foundation soils were modeled
as nonlincar viscoclastic materials. A simplified method that considers rocking of a wall on arigid
foundation about the toe was described by Stecdman and Zeng (1996) and allows the determination of
the threshold acceleration beyond which the wall will rotate. A simplificd 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-calculation of laboratory test results. Evaluation of wall tilting requires considerable engineering
judgment. Because the tilting mode of failure can lead to instability of a yiclding retaining wall, it is
suggested that this mode of failure be avoided in the design of new walls by proportioning the walls o
prevent rotation in order to displace only in the sliding mode.
W Wood (1973) analyzed the response of a rigid nonyiclding wall retaining a

geneous linear elastic soiland connected to a rigid base. For such conditions, Wood cstablished
that the dynamic amplification 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 carthquake problems.

For uniform, constant k, applied throughout the clastic backfill, Wood (1973) developed the dynamic
thrust, APg, acting on smooth rigid nonyiclding walls as:

AP, = FlyH? (C7.54a)

The value of F is approximately equal to unity (Whitman, 1991) leading to the following approximate
formulation for a rigid nonyielding wall on a rigid base:

AP, =kyH? (C7.5-4b)

As for yielding walls, the point of application of the dynamic thrust is taken typically at a height of 0.65
above the base of the wall,

It should be noted that the model used by Wood (1973) does not incorparate any effect on the pressures
of the inertial respanse of a superstructure connected to the top of the wall. This cffect may modify the
interaction between the soil and the wall and thus modify the pressures from those calculated assuming 2
rigid wall on a rigid base. The subject of soil-wall interaction is addressed in the following sections.
This section also provides further discussion on the applicability of the Wood and the M-O formulations.

7‘5,?/ Sofl-structure-Intersction approach and modeling for wall pressures. Lam and Martin (1986),

Soydemir and Celebi (1992), Veletsos and Younan (1994a and 1994b), and Ostadan and White (1998),
among others, argue that the earth pressures acting on the walls of embedded structures during
carthquakes arc primarily governed by soil-structure interaction (SSI) and, thus, should be treated
differently from the concept of limiting equilibrium {that is, M-O method). Soil-structure interaction
includes both a kinematic component—the interaction of a8 massless rigid wall with the adjacent soil as
modeled by Wood (1973)—and an inertial component—the interaction of the wall, connected to 2
responding superstructure, with the adjacent soil. Detailed SSI analyses incorporating kinematic and
incrtial interaction may be considered for the estimation of seismic earth pressures ou critical walls.
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C4.1 Scope

The fundamental reason for including consideration of
foundations and geotechnical hazards in seismic
rehabilitation of existing buildings is to improve the
overall performance of the buildings. The geotechnical
engineer and engineering geologist should work
directly with the structural engineer and the building
owner or the owner’s representative, when necessary, to
achieve the optimum rehabilitation strategy for the
desired Rehabilitation Objective.

Typically, foundations bave performed reasonably well
on sites where ground displacement has not occurred

because of surface fauiting, landsliding, or liquefaction.

Furthermore, modifying foundations to improve their
pesformance 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 hazands associated with
carthquakes 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 jocal reports related 10
geologic and seismic hazards, and subsurface
conditions

+ Site exploration, including borings and test pits

*  Field and laboratory tests

Foundations and Geotechnical Hazards
(Systematic Rehabilitation)

The scope of the documentation program for a building
depends upon specific deficiencies and the Rehabilitation
Objective. In some cases, the cost of extensive analysis
and testing can be justified by producing results that will
allow the use of more accurately determined material
properties than the conservative default values prescribed
by the Guidelines.

Geotechnical information will be required 1o establish the
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 C4-1. 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 that 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
requircments for defining the subsurface conditions and

- describing the existing foundations.

Data Sources. Information required to adequately
characterize a site will likely be derived from a
combination of several scurces, including existing data,
a site reconnaissance, and site-specific studies. Potential
data sources include the following:

+ geological maps

+ topographical maps

¢« hazard maps

« geotechmical reparts

= design/constraction drawings

FEMA 274
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Chapter 4: Foundations and Geotechnical Hazards
{Systematic Rehabilitation)

to develop between a footing and the soil. This is
wnsidcred to be analogous to tension yielding in
bending of a structural element where the estimate of
inelastic displacements assumes that the beam remains
elastic. Even if the scismic overturning moment is equal
10 the maximum resisting moment due 0 gravity, this
situation changes quickly with seismic load reversal.
Experience with past earthquakes does not indicate that
gross overturning is a problem for buildings. Ifthe
calculated displacements do not result in adverse K
behavior in the structure, there is no need to limit
foundation displacements.

However, the situation for 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 structures sensitive to base
maovement.

C4.433 Nonlinear Procedures

The assumption that the base of the structure is rigid in
nonlinear procedures is aceeptable, 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 movernent 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 controtled by
foundation soil type and thickness, and foundation
system characteristics (footing dimensions and
geometry).

C4.5 Retaining Walls
The equation in the Guidelines for the seismic

{ncremenf 0T carth pressare scting on 3 building_
retaining wall is a rounded-off form of the cquation
developed by Seed and Whirman (1970). (In their
equation, the fraction 3/8 rather than the rounded-off
decimal 0.4 is used. In view of the uncertainty in these
pressures, the rounding off is justified.) This equation

was developed as an approximation of a seismic earth
pressure formulation presented by Seed and Whitman
{‘Mononabe-Okabe method,” 1970) for yvielding (frec-

standing) refamning walls. Begause building walls
mm walls) mg:lzmxcly_

nonyielding due to the restraint provided by the interior .

%Mnmmwumg
walls is a matter of some debate. Alternative elastic

s«WWMw_hﬂm

propo most wide] d elastic solution js tha
of Wood (1973), which pmvxdes ;gsmmpmssun:s,oﬁ
the order of twice those given by the S Whitma

sufice for nonyiclding walls, except for the case where

a structure, founded on rock, has walls retaining soil.
Other publications that discuss seismic lateral earth
pressures include Martin (1993), Soydemir (1991), and
the ASCE Standard 4 (ASCE, 1986; under revision).

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 carth pressures. Because of uncertainty
regarding the direction 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 Seil 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 srengthening 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

FEMA 274
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solutions. In “the-art paper, Whitman(mx)__
conciuded that the Mononobe-Okabe equation should
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Geotechnical Calculations of Surcharge effects from MSE Walls on Wall No. 1
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CLIENT/SUBJECT TA-73 LOS ALAMOS AIRPORT LANDFILL CLOSURE W.0. NO _13104.002.001
TASK DESCRIPTION Setback Requirements for Wall No.2 TASK NO. 7000
PREPARED BY _K. Moser/A, Harpur DEPT _1493 DATE 6/17/05

MATH CHECK BY K. Moser DEPT 1495 DATE 6/17/05

METHOD REV. BY _A Harpur DEPT 1495 DATE 6/17/05

BACKGROUND

The reinforced concrete wall (Wall No. 1) was not designed to support any permanent surcharge loads. If
Wall No. 2 is constructed 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. 1.

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)
conservatively 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 + ¢/2 degrees with the horizontal.
Assuming ¢ = 32°, the failure plane forms an angle of 61° 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 heights. 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
structural backfill was used in the calculations.

These setback requirements are shown on the design drawings.

. l WNswe PENGShared U ANLDREDESIGN Geotecht Wall setback 6-17-05 doc



WALL SETBACK REQUIREMENTS

g E | 3 Se § 3 g (68 (58
5 = @ £ £ = - = = ] g - - = 8
e o E s o) €3 pol x & < £ x g |xo
S E | = e s | s | 82| g |83 | | & |§8 (4%
3 5 | 5 3 I | €=z | 85 | & | 8% | BT | = |ge_js&_
¢ 2| 2| £ |5 |28% 32| 5 |85 |38 | 5 |[32E|828
5 T | 5| 2 | §|e2 |28 ¢ |Bz|cE| ® |BE |B&
b = g = £ 0o x5 5 o = = 5 & 3o
8 s 2 g 2 g 2 2 |88 (88
w [ = x (4 ge x>
Al 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 34 332 0.66 3.99 1.82 0.83 6.74 5.80
3+42 6 1.5 7.5 34 3.99 0.80 479 3.25 1.00 9.04 8.04
B1 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 7.34 325 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 | 1250
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
D1 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 10.77 215 12.92 6.00 2.00 2092 | 18.92
2+96 20 2.25 22.25 34 11.83 2.37 14.20 7.00 2.50 2370 | 21.20
E 2+80 22 2.25 24.25 34 12.89 2.58 15.47 7.00 2.50 2497 | 2247
2+50 24 2.25 26.25 34 13.96 2.79 16.75 7.00 2.50 2625 | 23.75
2+05 22 2.25 24.25 34 12.89 2.58 15.47 7.00 2.50 24,97 | 2247
2+00 20 2.25 22.25 34 11.83 2.37 14.20 6.00 2.00 2220 | 20.20
D2 1483 19 2.25 21.25 34 11.30 2.26 13.56 6.00 2.00 2156 | 19.56
1464 17 225 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 | 1569
Cc2 1445 14 1.75 15.78 34 8.37 1.67 10.05 5.00 1.25 16.30 | 15.05
1+30 12 1.7 13.75 34 7.31 1.46 8.77 5.00 1.25 15.02 | 13.77
1426 10 1.5 11.5 34 6.11 1.22 7.34 3.25 1.00 11.58 | 10.59
B2 1422 8 1.5 9.5 34 5.05 1.01 6.06 3.25 1.00 10.31 9.31
1415 6 1.5 7.5 34 3.99 0.80 4.79 325 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.
WNswe NENG\Shared\LANLwall check (6_15_OS)\FINAL
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APPENDIX “D”

Chapter 7 “Earthquake (Seismic) Design

From Basics of Retaining Wall Design - A Guide for the Practicing Engineer,
6™ 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 locauon 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 retaining 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 IBC and ASCE 7.

IBC 2003, Section 1622.1.2, refers to and modifies ASCE 7 to read as follows:

‘. .. This section applies to all earth retaining walls. The applied
ot seismic forces shall be determined in accordance with Section 9.7.5.1 f
- This section states that “... 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. lidentifies
- items to be included in the geotechnical report to be submitted *, when
required by the authority having jurisdiction”]

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 (CBC

,,,,, ’01) 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 interpreted.

Basics of Retaining Wall Design Page S1
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Check applicable local and state codes that may have specific seismic design m‘
requirements for retaining walls. wl

e

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 wi

Structures for Dynamic Loads, by Seed and Whitman, delivered at a 1970

Cornell University conference. In this paper they cited the pioneering studies by m‘
Mononobe (1929) and Okabe (1926), widely referenced today. Another ‘""
contribution was a subsequent ASCE paper by Robert Whitman titled, Seismic "
Design and Behavior of Gravity Retaining Walls, 1990. They considered this il

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 K, to be wil
applied to this wedge acting against the wall. This was an adaptation of the o
Coulomb formula to calculate the total (seismic and static) pressure and o
introduced the variable 0, which is defined as the angle whose tangent is the -
ground acceleration (6 = tan™ k). "y
wib

This equation is presented in Figure 7-1.
ﬂlg
K Ag= active earth pressure coefficient wi
2 h
— s (a + 9 - ¢' ) m«'is
2

. . i §) sin (¢ —6'-p) L
8" sin? 6+ 5) |1+ | S8+ !
cosd' sin” asin (o +6'+ 5) [ +Jsin(a+5+9')sin(af—-ﬂ) by

L
Where 0 = tan' K, a = wall slope to horiz. (90° for a vertical face), ¢ = angle of mi%

internal friction, B = backfill slope, and & = wall friction angle.

The horizontal component is Kag cosd. "

i
!9!
wi

-y

i

M!

ik
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For a vertical wall face and & assumed to be ¢ 5 ,this becomes:
sin? (90 +6 — ¢)

cosf sin’ (90+9+% |y | Snl5gsin(4-06-p)
sin (90+%+8)si11 (90 + )

Kag=

2

The total force (active and earthquake), Pag = yz () Kag H? where y = soil
density and H = retained height.

Figure 7-1. Mononobe-Okabe Equation

When the acceleration is zero, k, = 0, and K g becomes the familiar Coulomb K,
formula.

Also, note that passive the pressure coefficient decreases under seismic
conditions.

The passive earth pressure coefficient, Kpg is:

sin? (@ -6 +¢')

2
Vin? o . sin (¢ +J) sin (4 - 6'+5)
cosé' sin” asin (o + '+ J) [1+\/sin(a+5+6')sin(a—ﬂ)J

Kpz =

Kag is thus two components (seismic and static). The seismic component (K g -
K,) is assumed to be an inverted, near-triangular trapezoid force (maximum at
the ground surface) acting at a height of 0.6 H. For stem design, H is 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 K4 component is the familiar triangular distribution acting at H / 3.

The héight to the combined resultant can be obtained by the formula:

Basics of Retaining Wall Design Page 53
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P, (H/3) +(Pap — P, ) 0.6H

X =

Pie ™

il

The direction of force application, per the Coulomb formula, is assumed to be m
inclined at an angle (from horizontal) equal to the friction angle at the back face i
of the stem, &, which is often assumed to be % . Therefore, the horizontal "
components can be assumed to be wd

PAE horiz. = €OS (%) Pag. 'mg

il

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 0.5H.
KAg? H? . . . ™
Therefore, w = — = 0.5 K4e ¥ H, where w is the equivalent uniform wi
lateral static plus seismic force. This simplification, while approximate, is )
particularly helpful for checking stem moments and shears at various heights. wil
Seed and Whitman suggest an approximation of Kxg = Ka + 0.75 ky,. If, for "
example, ky, is 0.30 and K, = 0.27, then K¢ approximate would be 0.495. This i
would suggest an 83% increase over static K,. However, the stem moments and ,
overturning are greatly increased since 0.75 ky, act at an assumed height of 0.60H. E
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 my
requirement, therefore, might read “for seismic design add a uniform lateral force wil
= 20 H? with the resultant applied at 0.6H.
. ™
/ i
./ / AP m?
-7 ik
Pa .6H "
L 334 "
Figure 7-2. Application of Seed Whitman Method -
mﬁ
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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.

NAVFAC 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 k,

ky, 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 k;, 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 IBC 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 IBC maps
and the latter are preferred and a zoom-capable CD is available from IBC.

Here is an example procedure for obtaining a design K}, using the USGS Hazard
Maps:
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From charts, S, =1.274 wil
(All terms defined in referenced codes)

"

Sms = Fa S wi
F.= 1.0 (This is a function of soil characteristics and value of S,. See -
Table 1615.1.2 in IBC). o
Sms=1.0x1274=1274 "

Sps = B Sms = 0.667 x 1.274 = 0.85 i

Per ASCE 7.02 Provisions Sec. 7.5.3: "
mi

K,= 55D = 0.40x0.85 =034
25 -

(Note that this is about one-fourth MCE) Note also tﬂat the above example value i
of ky, is nearly the same as could be obtained using simplified base shear equation o
16-56 with R = 3.0. i

Alternately, using UBC '97 and/or CBC '01: ™

Derive K;, from base shear, V, for non-building structure. (Terms defined in UBC i
'97 and CBC '01).
my

2.5C,I

V= W  Assume R=3.0
”y
For example design: C,=0.40,1=1.0 wi
v 25x040x10 L oo "
3.0 wil
This suggests K;, = 0.33 = 0.34 per IBC. | "
: il
Simplified Seismic Force Application
!!g
The NEHRP 2000 Part 2 -Commentary states Seed and Whitman’s proposed us
simpler approximation: "
vl
AK e~ (3/4) ky, <. APAg ~ (172yH (3/4)ky, ~ (3/8)kyyH?
, "
ky is the peak ground acceleration modified per Provisions Sec. 7.5.3: wll
"
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where kh = SDS /2.5
Base moments, using this simplification, are therefore:
Magpase = Pa (H/3) + (AP4g) (0.6 H)

=yH? (0.17 K, + 0.225 ky)

An observation from this is that the base moments from static and dynamic
(seismic) are equal when k, ~ 0.75 K

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 = PA + APAE
2
Pug = L?- (75 k) = 375 ky yH
K.yH 2
PA —_ aYz

Total force on stem: PA+ APss = 5K, sz +.375k, sz

If resultant acts at 0.5 H, the uniform lateral on stem

SK,v H2 +375K, vy H?

= = =(5K.+.375 k) (YH)

For design example, assuming K, =0.35, k, = .34,y =120
Fp = 36H

Note that this simplified formula is not valid if there is a sloped backfill that will
significantly increase seismic forces.
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Seismic for Stem Self-weight il
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 wi

not appear to be defined in the codes. AASHTO, however, in 5.5.4 states:
PRV ; L . . )
...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 from

"
wall inertia effects may be ignored in estimating the seismic lateral earth wid
pressure’”.

"
Judgment indicates that seismic self-weight should be applied simultaneously i
with seismic due to earth pressure. "
Using ASCE 7-02, Section 9.6.1.3: i
"
Fp in equation 9.6.1.3-1, for cantilevered wall and assuming Ip = 1.0, il
Reduces to: Fp=0.4 Sps W, -
Per above design example where Sps = 0.85,: “
Fp = 04x085x1.0Wp=034W, ”‘:
7]
Using the UBC '97 method: | ”
Fp - aPC IP ( ) sm%
-
a, = 1.0, Rp=3.0, %——=Oat bottom and 1.0 at top. i
F, minimum is 0.7 C, I, W, o
F,, for design is average between top and bottom L
rﬁié

~Fp = (133+0.70)/2=1015*[C,Ip W; ]
"y
For example design, C, = 0.44, [, = 1.0 i
-y
. Fp = 045 Wp wl
zgﬁ;
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CAUTION!

Retain Pro is intended fo 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
an your computer, within 30 days of receipt and receive a refund of
purchase price excluding shipping charges.

Copyrights

Retain Pro™ ©2005 Retain Pro Software
All rights reserved

Retain Pro 6.1 User's Manual ©2005
HBA Publications, Inc.
All rights reserved

Basics of Retaining Wall Design
® 2005 Hugh Brooks

All rights reserved

Trademarks

Wherever the term “Windows" is used, it is a registered trademark of
Microscft Corporation.

Wherever "AutoCAD" is used, it is a registered trademark of Autodesk, inc.
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Weicome!

Now you have a powerful, timesaving tool to help you design or analyze nearly any
retaining wall you're likely to encounter. it will fransform 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 Minute! " Please Read 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 fo 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:

AGAIN WE NEED TO REMIND YOU THAT THIS PROGRAM IS
INTENDED FOR THE PRACTICING ENGINEER WHO HAS THE
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 ERRONEOQUS INPUT AND INACCURATE
RESULTS.
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o Rhiout Retain Pro™

This new Version 2005 is our tenth upgrade since Version 1.0 was introduced in the
s summer of 1989. We've come a long way since then, and Retain Pro is now used in
thousands of design offices, governmentai agencies, and plan review agencies
s 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
s independent company acquired by Hugh Brooks, SE, as a division of HBA

Publications, inc., Corona del Mar, California.

El

What You Can Do With Retain Pro 2005

w0 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

e design methodology follows accepted engineering practice, as described in later
sections, and is in accordance with applicable provisions of ACt 318-02, 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:

o = Cantilevered Stem walil can have up to five different stem sections, of either

masonfy or concrete, each with a different thickness and/or reinforcing size
e and spacing. You may also include a weightiess 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
B pinned.
e »  Designs gravity walls.

»  Surcharges on either side of the wall.

» Siloped backfill.

s = Axial dead and live load applied to the top of the wall, with eccentricity.
= Wind acting on a wall projection above grade.

s 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 defauit 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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What's New In Version 2005 ?

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 it's 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 it's accessibie 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 it's alt 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 ali 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 ali 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 (Intemet connection is required}.

If you're upgrading from version 5.x or eardier, you'li 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 You Begin

. . . Ll
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 il
software you will be accepting and bound by all the conditions stated therein.

L ]

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 i
Retain Pro. Be sure your display is set for either 800x600-pixel or 1024 x 768, and

set for small fonts. "y

(1]

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 L
demonstration mode.

will
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). il
Lastly, go ahead and run the "SETUP.EXE" program from the installation CD. "
System Requirements -
Here's what you will need to use this software: "
wilf
» Pentium 4 processor.
= RAM: 16 MB recommended. “r
=  Windows 95, 98, NT, 2000, ME, 2000, or XP. il
= 16 MB of hard disk space.
M!

= A standard 1024 x 768 monifor, or 800 x 600

»  Access to the Internet is required since it will be the source of downloads and il

give you access to the online User’s Forum.
]
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Instailation Procedure

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
cotrrect drive for inserting the CD). Then click the OK button.

=  The setup program will begin. Ali 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 shorteut 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 instalied. 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.comy/support.

Technical Support

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 he
construed as approval of your final desian — responsibility of the final design rests
with the Engineer of Record,
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Program Limitations ul
These are a few conditions that Version 2005 will not currently handle: "
i
=  Computation of horizontal reinforcing for shrinkage and temperature. This is "
at the designer's option due fo a wide divergence of opinion and practice. As
a guide, please refer {o Appendix A for suggestions. "
=  Water table calculation is not valid for a fiuid other than water, nor is this il
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 il
degrees of fixity.
= _DXF files created for restrained walls show only a to-scale depiction of the »e
wall, without reinforcing. The program will display reinforcing selected from ,
the design, however, the designer and CAD person will need to insert and b
detall the reinforcing per histher specific design intent. Similarly, details at the
top of the wall will need to be input, since conditions are too numerous (e.g. ny
ledgers, connections for concentrated loads, architectural details). Horizontat il
reinforcing must also be chosen and input. )
]
- ]
Feedback and Suggestions
g
We always want to know how you like Retain Pro, what problems you encounter, . “
and suggestions for new features and other improvements. We want fo serve
you as best we can!
on
Just email us at hbrooks@retainpro.com. -
, "
il
"y
il
m
i
1.
8 1
1
]
il
-
Y
-



ik

| e

B

e

gt

£

DISCLAIMER

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 structura!
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.




license Agreement

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 compuiters,
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 Smali 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 instailed 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 (@) 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



Qther 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 fransfer 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 faw.

Dual-Media Software

You may receive the SOFTWARE in more than one medium. Regardiess 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 anocther 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 efectronic 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 disciaims all other warranties, either
express of 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 Refain
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 joss) 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 performance 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 specificaily 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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QUICK-START Overview 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 calcs.” But save you lots of number-
crunching time!

As we'll describe below, you design the wall by steps—using 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 Moment/shear 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 {0 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 shouid flash onf)

When 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.

When you've finished a design you can make a DXF file to import into nearly all CAD
programs (such as AutoCAD™ AutoCAD® LT or QuickCADY}. You'll stifl 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:

1. 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.

2. After you have chosen CREATE PROJECT FILE and given it a name, click SAVE.
This will iead 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.

3. Ifyou 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 (job 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 aiso click tabs on the nght side of your
screen for a schematic construction drawing of your design, a wall ioading 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 additionat
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 fearn.

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.

15



The START MENU Screen

~ Welcome to Retain Pro 2005

Whatwould you liketo do 7

—Previous Activities.....

(*8 OpenlLastFile: c:wp2005example2.rp5

A Open Last Wall : Cantilevered Wall, EX-1

Select a recent Retain Pra file....

cirp200atexamples.ipb

cirp6liexamples.rps

curpB61186385 kemper.rps
clrpbtitesting 6.1.rp5

carpB1ivretainpro\coast development.ry

M4 Create Project File

e

| &  OpenProject File

| 7 Delete Project File

B View/Edit Selected File

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 / Edit Selected File
below you can access it.

Create Project File is used to create a Project File which will contain one or more
walils designed for that project folder.

Open Project File will display a complete list 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.
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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. ol

Start Menu returns you to the Welcome / start-up screen. )
Open File is to access a project file you have already created. il

Pick List offers you a quick way to view and select recently used project files. A

Make New is for creating a new project file (such as for a client or a specific project). v
Choosing this leads to the Create New Retain Pro Project File window. e
Save As allows you to save the currently open to a file with a different name. This will il
be dimmed except on the Walls in Project Files screen.

"
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Save Defaults is dimmed except when working on a walt 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 {o 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 Project File / Make New Project File
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 wil
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:
FOpen Retain Pro Project File - - ;
NQ
il
on
wil
“8
wili
ki
‘ii
la%
; il
Retam Pio Fles {*.1p9) '
R ; "y
Use LOOK IN to select the sub-directory you are using. Typically it will say “RP2005”. il
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 wi
Sample Calculations and Printouts at the end of this User's Manual.

L it

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, il

for example, "Baywood Development.” You do not need to type the .rp2005

extension—the program will add it automatically. "y

When you click Save (for a New Project File namej or Open to access an existing

file, you will next see the Walls in Project File window. d
l!”j
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Walls in Project File window

This screen is the central control screen for working with the wall designs in a Retain
Pro project file directory.

| Walts in Project File c:uplBOSW BBSLApS (i i oo n o o i s e o Lo oaono concc

Tate Liok Number | Date | Height je=r SotOrder B Somary
e T
XA 20105 4zon Carxieversa 3 wiss@a2r
lexs iz0nm0E  033n Cortievered
-8 AG 12068 Yenered
X7 jAAG 600! Restrered
£X-8 L0t 2umoni Restraned
£7-9 2% BOON: Graviy
; 12 wits @ 16°
: 12 wi T G 16"
afid oo T T

Alow SP= 3.005.0pst | Active Presswe= 45000 /Mt

assive Prass= 389.00pd _ Sol Dersity 110.ocf H
ok Stope= 2001, Sof Hi et o= = 12.00m i
octing Z0.0in thek x 7,504 wwde I

D4 Addwal (8 Editwanl

The left side of the screen lists walls that were already completed and stored in the
file RP2005/EXAMPLES. 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 fop 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 wall you wish to use.
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The Bottom Buttons -
At the bottom of the Walls In Project File window are the following buttons: wi
Close File Add Wall Edit Wali . "

import/Export Copy Wall Delete Wall Print ‘

They perform the foliowing functions: B
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 foliows s
Edit Wall displays the design criteria for the highlighted wait, wl
"y

Import allows you to choose another Retain Pro file, browse the walls in that file, and 1
select one to bring into the file you are now using. This is a fast and easy way to a ll
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 il
the standard Windows file selection dialog. After selecting a file, the currently
highlighted wall will be placed into that file. oy
wil

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. o
Delete deletes the highlighted wall design from the file (you will be asked to verify "
first). i
wl
Print the currently highlighted wall to the Windows printer of your choice. You can
also choose to preview your caiculation print-out page. "

Summary Button will print a summary of designs in the Walls in Project File i
directory.
sy

wilh
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Updating Load Factors

When 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 2005 load 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.

Concrete Load Factor Diff

23



Pick List

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-click the highlighted file.

Pick Previously Used file

‘ Select a recent Retain Pro file :

£ s ¥ AT ;!
c\p2005\example2 1pd
¢:wpbliexamples.ripb

¢ upb1\8695 kemper.pd
C.\rpbiVesting 6.1.mp5

c:\rpbivetainpro\coast development.

B Edit File

x Cancel
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The Settings Tab

This tab is located on the Too

; ¥ Globat Settings

[ Bar and is only occasionally a

Lisrmvae titormation fprnteg 4 Teie Bioct | Procuct Actabion Tade | ety Linee: Pavanmters |

tate. To changd fhis domnation Rier, use the Help | User info menu dem

Comgany Neme i

User Name i

Emait Agdress l !

vaize Phone Nomber [1000}-000-0000 | Fax [(pooj000-0000 |

Address Lne t { i
Address Lina 2

[ ] M
o [ ]
State ! Province { }
Postai Cote { i ><
Coundry ![ ] Cancel

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 wili
appear on your calculation printouts. You can also enter your logo which will print on
the title biock. Files supported include BMP, JPEG, GIF, PIX and WMF 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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Choose Add Method Window

This screen appears when you select a wall in the WALLS IN PROJECT FILE, and

press Add Wall

Choose add Methad

Choose wall type or start.up procedure you would like to use...

~ Select New Type of Wall adl...

B CANTILEVERED Wall

R RESTRAINED wall

-or-

& TAPERED Wall

B8 GRaATYwall

x| Copyallvalues from "Highlighted" Wall

h Use Wall Wizard Step-by-Siep QBA session

{9y ViewlPrint
¢ Tutorial

X' cancel

On this screen you select the type of wall you would fike 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 subseguent 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 walil 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 wilt 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 return 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 File, so the Copy From Selected Wall option will not
appear, and your only option is {o choose Use Defaulf Values.
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Using Wall Wizard

From the CHOOSE ADD METHOD if you select Use Wall Wizard 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 wall, or a gravity wail.

28

Ml!{

el

‘ll(’
\ﬁii

"y

itk

wh

"
it
"

i

L )

wlt
L)
‘i“
Nq
i
L4 ]
wilh
m‘

wid

ll!

1]

8

Sl

wilh

o
[T

bl ]

wiilh

Vl!
wild
il

will

-

wiidl



B

This will lead you through a series of questions such as whether there is a soil slope
behind the wall, height of soif 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.




Wall Specific Information (Calcinfo)

This Calcinfo 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.

N5 Ak J ) o —
View input | Citeria | Loads | Stem | Focting Cocinto IERIEIERTZM]  Resuts ’Construc(icn | Walt Loading | Diagrams |
Wall Specific information.... Summarty ansisﬁnq ] Oveduming | Tit !
Job Titie........... [EXT 1 ~Stabiity Ratios
Job Nurber.... | i OTH Ratio....... 2808 :1.00
] Stiging Ratio .. 1625 :1.00
-Solt Loading Results-— {Service load ¢
Sait Pressure @ Yoe... 27157 pst :
Soit Pressure @ Heel... 6.0 ps! H
Ahowadie... 30006 ps?
Totat Beanng Load... 80349 ibs
..Tesuitant e 1838 in
A Ercomricily gutgide m
~Building Code S ~Footing
i & B8C7003 o UBC 1937 ACiFactored Pressure 8 Toe. 3,167 .0 pef
~ . - : AC{Factored Pressure @ Hes 0.0 psf
i Cac 2001 ARSHTO i Mu:Design @ Toe.. 48804 83
g € Qiher: Use this choice with your gwn inad factars. © Mu:Design @ Heas. 14,9500 &2
: PSP ; Slem assc HEEL M
Units— - — N : One-Way Footing Shears..
F US Fouridp C Bl Newton-Meter H Shear@ice . .............. 7976 pst
Shaar @Heelfas; ... ... .. .. 38.223 psi
Note: U 5. anatyza wall per longitudina! foot AMigw. Fooling Shear timiphi) ... 75075 psi
5.1 analyze wail per iongitudinal meter.
oRor ok i R acbors o e Bock o prrked bpik : =

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 Tahs

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 optionai -- 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 wili
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 automaticaily
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  For entering basic design criteria
Material Data  Enter/change material data

Options Check boxes for design procedure options
Load Factors  Select building code and review or change load factors.
L.oads

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 Wall not restrained at top—free to rotate

Tapered Battered inside face (for concrete stems only)
Restrained "Basement" or tieback walls with restraint at or near top.
Gravity Battered on both faces and usually unreinforced, dependent
upon bulk weight to resist overturning.
Footing
Footing Dimensions Enter trial toe, heel, thickness

Key Dimensions and Sliding Stiding design, if required
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Calc Info For entering your Wall Specific Information (Usuatly already completed). .
1

il
On the right side of your screen these tab and sub-tabs:

Results "

Summary Displays the basis design resuits

Resisting Tabular listing of resisting forces "
Overturning Tabular listing of overtuming forces it
Wall Tiit Enter soil modulus to calculate tilt of wall.

Construction Displays to scale a drawing of the data you hav entered. "y
Wall Loading Graphically displays the forces on the wall. il
Diagrams Shows envelope curves of moments and shears.
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Visual Input 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.

meim]m[mirm[vxm <
Nk This grispvc. does not Soale wif thanges. Sae “Construction” tat.

Deagloag [ GrAsm
j3

W@z ~—
s e r&
RSB do
z.&
R IIFR"
Fa
i S i
¥ 14
L300 N JTI—**‘——*“—-:,*
G Toe SR 3
Nk Soi Basrirg A { 1200450 ngi::: |
i T «o‘{ [
Soliftg Frigon L2 _;'r
Koy Oisance || Key Wil W i
h-m’!!ﬁ; _r G Pt | |7 Rebw [ Oimersions 7 Soi 7 Cefiowtx
B Smnsnivsestll N9 oo S?__.__J

Please note that as you enter dimensions the displayed wall will not change.
However, if you click 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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Reference Diagram For Dimensional Conventions 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.

Retained Height........................ i 10.000 3. a
Waill height ahove.................. )
retained soil —
Height of Soil over Toe.............. in
Water tahie height over heel....... f
~Soit Values
§ S0 SIOP..cere e [ 2% &+
¢ Allow S0l Bearing..................... | 0060 31 pst
Lateral Cressure Method.... ... EfFP. ¥

| Active Soil Pressore - Heel Side. [ 4500 & psmm
i Active Soi Pressure - Toe Side.... [ 3000 % pstt

Passive Pressure...................... psﬁ'ﬁ
i -
P SeidWeight...... 11008 & pel

2 B
Sy iR}

Resutis lCanslruchan ;Wali Leading lOiagmms i

Summa—;\l lResisﬂng { Overtuming frm ‘

~Stabiity Rativs
¢ OTM Ratio..... 2,808 :1.00
! Siting Ratio 1625 :1.00
—Soif Loading Results-—(Service lnad
Soll Pressute @ T0€. . 2,716.7 psf
Sol Pressute G Heel . 0.0 pst
Allowable 3,006.0 psf
Totai Bearing Load.... 20245 ibs
~resultant ecc. 18.38 in
Ecrenya fy outside mudie thad
~Footing Result
AC Faclored Pressure @ Toe ... 3,724.9 pst
ACt Faclored Precsure @ Heei 0.3 pst
i MuDesign & Tee 570430
Wy Design @ Heel.. 12,7415 82
 Stam Base Moment Governs HEEL Moment
: One-Way Foating Shears._.
i Bhear@Toe(vd)............... £.825 psi
TEStEargreRt vy T PR T— LERvATE 1)
i Allow, Footing Sheat feiphi} .. . 7€.026 psi

e e B an s te cesgned [ion hel sysion 1o 1 detaid]

£ Retained Height:

This is the height of retained earth measured from top of footing to the top of soil

behind the stem (over the heel). When 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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&z Wal 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".

#5 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. Itis
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.

&3y 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.

#3 Soil Slope

You may enter any backfill slope behind the wall. Use the drop-down menu or
type the sfope ratio as Horiz/Vert. 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 siope steeper than 1.5t0 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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#y 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.

25 Lateral Pressure Method

Here you can choose between E.F.P. or Rankine formuia 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.

&3 Active Soil Pressure - Heel Side (EFP Method Chosen)
Active Pressure: Ka * Gamma (Rankine or Coulomb Method Chosen)

Enter the equivalent fiuid 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 overiurning,
sliding, and soil pressure calculations.

Commonly used values, assuming an angle of internal friction of 34°, are 30 pcf
for a level backfill; 35 pcf for a 4:1 slope; 38 pcf for a 3:1 slope; 43 pcf for 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 overturing resistance,
sliding resistance, and/or for soil pressure calculations, by checking the boxes on
the CRITERIA > Option screen. I is recommended to use the vertical component
only to resist overturning.
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£3 Angle of Internal Friction {(Rankine or Coulomb Method Chosen) b

This value is entered in degrees and is the angle of internal friction of the soil. it
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 "K," and "K," multipliers of density "

valh

to give active and passive soil pressure values. wi
#5 Active Soil Pressure - Toe Side -
It the EFP method is chosen, enter the active pressure to be used on the toe side i
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. ’
will
When either the Rankine or Coulomb method is chosen, the angle of intemal
friction is used in the Rankine formula with an assumed leve! toe-side slope. »y
The active pressure from soil over the toe counteracts the heel-side active wk
pressure to reduce net overturning and net sliding force.
N!
#> Passive Pressure (EFP Method Chosen) ;
Passive Pressure: Kp * Gamma (Rankine or Coulomb Method Chosen) e
This is the resistance of the soil in front of the wall to being pushed against to e |
resist sliding. Its value is in psf per foot of depth {pcf). For the E.F.P. method, you il
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. .
wi
& 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 will
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 ny
equivalent uniform lateral loads acting on the wai by the ratio force = {Surcharge/ §
Density)j*Lateral Load. input this value in Ibs. per cubic foot. Usual values are il
110 pcf to 120 pef. More if saturated soil.
"
wil
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CRITERIA Tab Material Data

§ Rerain Pro 7005 € rp2005 erisnples rps EX 7 A%@;ww : .L‘.d
; ; . Help &
Tutoriss O %
: yuick 5 P
B ol X o
= #R G H(P1)]iLancel ) Swe
Wiew toput Créeris JLoaas | stam | Foaring | carc e JEETHD Resits !Consirucheﬁ | wall Leading | Diagrams |
Generst Data  Material Date iOpﬁOns | Load Factars | Summary ‘Res"“‘"? jovenuming  fTin |
H Y r~Stability Ratios
Concrete block type i OTMRatio. ... 2.808 1 1.00
Siiging Rato .... 1.625% :1.00
Factar applied to fra — i \na
for calculation of Em .. ... f 7&;0.0] ~50#t Loating Results ~~(Service kad-
Mutiplier applied 1o Seil Pregsure @ Toe...... 271587 pst
wau%reighg‘;mm tables . ... .. Soit Pressure @ Heel 6.8 pef
Aipwable 3,0GC.0 psf
—Concrete ! TotatBearfing Loag.... 23,0345 ibs
U ...resyltant 8cc. 1838 in
Stem Concrete Waight . .. .. | 15000 S pef | Eccemyicily maside nuddis tuird
Foeoting Concrete Weight . . 5 150.00 3. pef ~Footing
il {ACH Fattared Pressure @ Toe........ 3,729.9 pst
1AL Factored Pressure @ Heel . 6.0 pat
IuuDesign @ Toe.... ST043 1
1 MuDesign @ Heet.. 127418 0%
éﬁam Baxe Mowera Goverts HEEL Mament
{ One-Way Footing Shears...
i Bhear@Toedw}............ .. €526 psi
W Hew Vo T T T 3OS TS
Allow. Footing Shear ifphiy .. .. 76.825 gsi
m’-bﬂ_" 3!\'.":“"' e '& X

On this screen you can change properties of masonry and concrete.

For Masonry:
#z Concrete Block Type

This allows you to select Lightweight, Medium weight, or Normal weight concrete
masonry units.

# Factor Applied to f,, for Calculation of E,

The modulus of elasticity for masonry is 750 f,, per UBC '97 2106.12.1 and 900
f per IBC '03. This entry allows you to select the desired multiplier.
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&3 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
&3 Stem concrete weight

This is usually 145-150 pcf, but may be changed with this entry.
#3 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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" CRITERIA Tab Options

This screen is critical to your design, since many subsequent calculation resuits
will be affected. Review and check these boxes carefully.

V g RESL“S !bms!ructmr lWaﬁ Leading | Diagrams |
ot General Data | Materiai Data Options In.aad Factors | Summary Ip“”“"g |oenuming  Jrmn |
o | Bial s Gregen(l fegiel s SR OICRS 7. ... w o™ Ra;“::m [ 2.608 :1.60
: §SAING RAD oo 1.420 100
; Use theze ilems when your surenarge may net i S
ik i be applied 100% of the ime 10 1esist the farces. ~Soif Loading R (Service s
¢ Use TOE Surcharge To Rexist Stiding & Ovedurming 7 ... ¥ i Soil Pressure & Toe.... 27157 pst
" i Use HEEL Surcharge To Resist Siiding & Ovedurning ?. & ! Soll Fressure @ He ¢.0 pst
! ] Aligwzble... 3,000.0 psf
iUge this iter to ignare the uaward soli pressure under the heel i Total Beanny Loa §0328 lbs
Biea i when caiculating hael moments & shears. o "9;“‘:‘4 o 163810
Neglsst Upward Pressure atHeel ... ... o L3 da ki ds
e . e s ~~Fodting Result
- nge Actrve Pressure Used.f. 1o Residt Oveuring § a;a., = i AC1 Factored Pressure @ Toe.... ... 3,729.8 psf
. { ACI Factored Pressure @ Heel... . 0.0 pst
L) Use these chpizes 1o select when io use the venica component i MuDesign @ Toe 5104303
; of active jaierti soil pressure. i Mu.Degign & Hael. 12741502
i UseforSolt Pressure? . ... ... ... .. ... r .
o R e —— ;‘;"ﬁ"“"“‘"‘m"’"&‘““’“’“
;; Use for Overturming ResiStance 7..................... i (O @mm\ Se 4625 pst
i ERBrEIr @ HEE Ty T LERin1g i)
i Altowe Footing Shear N Y 76.025 psi
et 3aisd froon vertical g e sestd,
I
¥ Slab is Present to Resist all Sliding Forces
e 2
Check this box when a slab is in front of the wall to resist lateral sliding.. When
i 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.
i . . . . . . .
It has a similar effect for restrained walls. allow it to be placed higher—if this
o condition occurs, append your printout with hand-calcs,
- The slab is assumed to be at the top of the footing — not higher.
P
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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.

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.

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 M, for
upward loads will be zero.

Toe Active Pressure Used

Checking this box will apply the toe side active pressure to reduce overtuming
moment and reduce sliding force to a net sliding force to be resisted.

Cholices 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
overlurning. For a level backfill these options are usually not used.
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CRITERIA Tah

Load Factors

General Data | Materiai Data | Opticns Load Factors l

~Bunding Code
D BCI003 ¢ UBC18ET ¢ CBC 2001 ¢ AASHTO
i Qther : Use thiz choice with your own laad factors.

Load Tvoe Load Factor
Desd Load [ g
Liva Load T
Earh, H C_eeyg
wind, W YT
Satsmic, € C:@

7 seemme or SIgnificand wand is nckude 2 i recomvrended that &
SEpET e QUSHT Chack wilc:? sinulianesys fve bad appdes.

Wher: “E” It sppied, tis & sirangeh Sesicn faciores force

(e taili=1 O} and herelyy ondy uses for SOrsTels siom sectons
ad footng. Since overturning forces, siidng, and soi pressee
calculabors are based upon service ieved ‘actors the progrem
wik muliply T oy 57T = (BN 47 for ese applicmions.

View tnput Criia {cacs |stem | Foctios | cae vo [ESSNRTIRETN

Resufts ‘Caaamtﬂ-&n iWaG Loating ‘ Diagrams ‘
Summary {Rasisﬁag oveduming |1t ]

~Stabifity Ratios
{ OTMRatio.. .. 2608 :1.00
| Siding Ratio . 1.420:1.00
i
S0k Loty ReSIS ~—(Servcs oo s e
i Soil Pressure & Toe - 2,715.7 psf

Soif Pressure @ Heet 9.0 pst
H Alnwasle 3.060.6 pst
i Teta Baaring Load 3,634.3 o
-.resutiahl ecc. 1B.38 in
:cceﬂtrn:ny aufsite migdia ‘mrd

Fouoting R
{ ACtFactored Pressure @ Toe......... 2,197.0 pst
{ACIFactored Pressure @ Heel 6.4 psf
{MuDesign @ Tos... 45EE 4 fE
i MuDesign @ Heet.. 11802562
i Sterm Base 1
! One-way Foating Shears...
i Snear@ioedy............... 8.11% psi

Q:Wm BT 2Nyt
i Allow. Footing Stear (miphd) . 76828 psi

£y Building Code

Select from IBC 2003, UBC '97, CBC '02, AASHTO, or “Other”. When “Other” is
selected you can enter foad factors you choose for a specific design.

& Load Type / Load Factor

For each type of load (DL, LL, efc) 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 1/1.4 = 0.71, to convert strength-based E to a sejvice load.
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LOADS Tab

Vertical Loads

Additional loads on the wall are entered on these sub-tabs.

i Retom Pro 7

1 rp 2005 examplessps 1 T

wewtw[t:rim Loats !ﬂml?m]mmm

Resu?!s IConstmcvcn ‘Wau Loadmg chagrams }

Vestical Loads ]Lz\eral Loads | Seiemic Load | s 4 { 9 {(\ {win |
~Surcharges—- -~~~ ~Stability Ratios - e
Surcharge aver Toe . . . .. .. psl i OTMRadin... 2,508 . 1.00
Surcharge Over Heel .. . . .. [:j@ pst Stiding Ratia ... 1.420 :1.00
pu SO ~Soll Loading R (Service koad:

Axial Load Applied to Top of Stem-— [ sonp atoe 27157 psf
Axial Bead Loady .. ... ... [ Gogms | ot Fressure @Heel . 608t
Axisitiveboad. .. ... .. .. B(}_,,2 ibs Aliowable.. 3.600.0 pst
AxiaileadEcc. .. ... .. . o0 gHw i TotaiBzanng Load 9.634.8 b3

h : .resuliant ect. 1838 in

o { Footing Dat Qrcerfnc!ymﬁsﬁe mide 2@

Adjacent Focting Load . . .. .. 000 5 ive :~Foating R
. 1 ACiFactored Pressure & Toe........ 3,187.0 psf
...... o 4 : 4
w’"_"’ H‘? CL Dist ACH Factared Pressure @ Hee 0.0 psf
gﬂomzb Width . .. i { o000 Ht {MuDesign @Tos.... 4BESLR¥
: asg‘ Bamckw 3%0‘:“ .9'_ R ;;uuDesmn @ Hoel... 11,8820 0%
| Eceentricdy. ... ...... ... T omEe {stem Bass
. - ; OnaWay Footing Shear:
Footing Type ... .......... toeload |+] i Shear @ Toe () 8.415 psi
Poisson's Ratio . .. ... ... RS et Gy = 35225 pwi
i Miow. Faoting Shear dmiphi) .. . 7€.025 psi

43 Surcharge Over Toe

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.
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#3 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.

&3 Axial Loads Applied to Top of Stem

These loads are considered uniform load along the length of the wall. They are
applied to the top of the fopmost stem section and affect the design of masonry
stems only. The dead and live loads are used lo calculate stem design values
and factored soil reaction pressures used for footing design. Only the dead toad
is used to resist overturning and sliding of the retaining wall. AVOID A HIGH
AXIAL LOAD (say over 3 kips pif — DL + LL) SINCE IT COULD CAUSE A
REVERSAL OF BENDING IN THE HEEL.

#z Axial Load Eccentricity

This is the eccentricity of the axial load 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.

#3 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 f{ parallel to the wall (not
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 dimernsion paraliel to Gl
the wall, giving a pounds per lineal foot value, as for a continuous (line) footing.

ik
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 Desian, 5" Edition, McGraw-Hill, pages 630. il
When the Boussinesq analysis is used, the program may require additional "8
computing time (hundreds of internal calculations are done after each entry), wib
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 "y
your data entry is nearly finalized. Then enter the actual footing load and modify ‘
your final values. il
For adjacent truck or highway loading, it may be preferable to use a heel iy
surcharge (uniform) of 250 psf (or more!) instead of freating it as an "adjacent ‘
footing." wil
Do not use this feature if the adjacent footing load is farther from the stem than iy
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. i
2> Footing Width =
wd
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. "
vmi
#3 Footing Eccentricity
Ll
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 wil
from the centerline of the footing. Positive eccentricity is toward the toe, resuiting
in greater pressure at the side of the adjacent footing closest to the stem. The my
program will use the vertical load and eccentricity and create a trapezoidal ‘
pressure distribution under the adjacent footing for use with the Boussinesq wl
analysis of vertical and lateral pressures.
m!
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#: Wall to Footing Centerline Distance

This is the distance from the center of the adjacent footing {o 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 heet
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.

&3 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.

2t 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 hegative 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.
Cagtion 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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Lateral Loads

Verticsl Loads  LateralLoags  |Seismic Loag |

Load @ stem above soil ... R ost
—Added Lateral Load on Stem
Lateralioad . ............. [ togwm
- HeighttaTop. ........... f
.Height 1o Sottern ... ... . [ He

Ya specify & point load (such as for impact), use a small
i length with tap and battom sfightly above and below

!t artual focation. Increase igad vaiue so to equal paint ioad
i over that small length.

~Stability Ratios

: OTH Ratio 23808 ;100

i Sliding Ratlo . 1420 :1.00

~—Sail Loading ~(Service looct

i S0l Pressure @ TOR....... e e 27157 ps?

i Sail Pressure @& Heel 0.0 psf

_' Allowable.............coveenen. 30000 pst

i Yotal Beanng Loag. 90349 1be

..Yesultard ecc... 1838 in

SRy sutsile

~Foating Resuks e

i ACIFactored Pressure @ Toe......... 3167.0 pst :

{ACIFastored Pressure @ Heet........ .5 pst

i MuDesign @ Toe..... 48804 07

: Mu:Design @ Hael.... 11882.0 8

i Stem Base Moment Goeet ns HEEL Mo

_&?h::?@'rne(m)..”% ....... 8118 psi
RS G TRV T 2GSt

i Allow. Footing Shear omiphi) ... 76.028 psi

#Z: Load @ Stem Above Soil

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 10 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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o #3 Added Lateral Load

This input allows you to specify an additional uniformiy distributed lateral foad
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 ibs).

A point lateral load can be reduced for the effect of its spreading horizontally at
levels below the point of application..

#3 Height to Top
This dimension defines the upper limit of the added iateral load measured from
Hars 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").
#3 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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Wiew npust | Crtwria (0a0s fsrem | Focting | cae wa Resulis lConstrucl&en | Wall Loading | Diagrarms |

. Venical Loads iLawral Loads  Ssismic Load l SQmmarf] Resisting  Overtuming irm i
i g | .
~$ tsmi earth pressure : Overtutning Homerts ¢ Distance M .
Seismic Iateral earth pressure P HeelActive Pressure 43807 5314 2333 L0RF
.‘mce&mﬁ .;N T F Yes © Ko Toe Active Pressure 738 8.78 573
s T Agjasent Footing 00
Enter design acceleration factor, Kh | 4.300 B Surcharge Over Toe 05
Value of Kae for seismic soil press 1.09¢ Load § Sem Avave Sof 09
Value of Ka for static soif press - 8314 Adced Lateral Load 00
Diffesence: Kae . K 0.780 Seismit Lad 74752 8.40 70,266.8
Tatal Base Shear Forces... Seismic-Selkwaight 5200 ag7 4,665.7
Due to Static Soit Pressure 4,239.11bs Totals = 1231258
Added load due lo Seismic Loading 7,475.2 1bs Overturning Moment 982123 ¢
- Selsmic due to stem seHweight---w ooy .
Add seismic due 1o stem setf-waight ? & Yes " No | [ Resisting’Overturning= -~~~ 1.759 :1.00 - |
Seismic force factor, Fp/Wp
¢ Total lateral force at base

! due to stem seif-welght = 5208 ibs

Please refer o User's Manual Tor methndology used.

S acpe o o 15 De evarion (See hr e p o hl Dok

s

You can choose to apply seismic force from either lateral earth pressure or for wall self-
weight, by selecting Yes / No for these options.

£ Seismic Lateral Earth Pressure

Entering Yes, then entering k., will activate the calculation of Kae and K, 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 F,, = k,(density)(retained height), in psf. Common k,, values
range from 0.05 to .30, depending upon area seismicity.

Displayed will be both the static component soil pressure, and the added seismic.
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. #3 Seismic due to Self-Weight

Entering Yes, then Fp/Wp will apply a uniform seismic force in psf (k;, x (wall
weight). If the wall has multiple stem sections, each will be calculated separately
and accumutated for the base shear and moment.

NOTE: The k), 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).

ek The resultant is assumed to act at approximately 0.6 x retained height.
s Methodology
ot The program computes Kae (coefficient for combined active and earthquake

forces) per the Coulomb formula, modified by Mononobe-Okabe/Seed-Whitman,
to account for earthquake loading, where the term 6 is the angle whose tangent
is the horizontal ground acceleration. (Note that if K, = 0, 8 = 0, then Kxe = Kp).

e Vertical acceleration is neglected, resulting in a more conservative Kye.
e Kag = active earth pressure coefficient
- _ sin? (§+o ~0')
2
} . . - |~
s cos6' sin? asin (o - 6'-8 [1 + sin (9 +2) s',n (‘? 9P 1
4 Vsin(a-6-6")sin ( +ﬁ)j

pr

Where 8 = tan” Ky, o = wall slope to horiz., ¢ = angled internal friction,
s 3
8 = backfil slope, and & = wall friction angle.

i

For a vertical wall face and & assumed to be ‘% , becomes:

i

sin? (6+90~6)

- Kae = ]2
" , f p . .
cosb sin (90 -6 - 4/’2 1+ ,‘j sin 1.5¢ :sm $-6-5) l
' \sin (90~ 47 - 6) sin (5 + 90) |

i
PO

Eor The values Kue and K, are displayed.

Total force (active and earthquake) - Pae = }g (¥) Kae H® where y = soil density

i 5 1

i

e



and H = retained height.

Since the total force consists of two components, static (Pa, as previously
computed for static forces) with triangular distribution and the earthquake (Pag -
P,) 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)+ (Pag — Py )0.6H
PAE '
which is displayed as "Ht. to static + EQ point of appl.”

X =

Total base shear for both static force and added seismic force are displayed.
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s

Stem Design Tah Cantilevered Wall (Non-batiered)

The layout of this screen will change depending upon whether you previocusly chose
e 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.

P
.
; —Stem Design Helght Above Summary !R“‘Sﬁ'@ |overtuming  JTit |
- ;Bnﬁnm waterat | Concvme [ 5% 3 ~Stabitity Ratias
iThickness [ 20D S n o R | oTMRatio.... 2808 1.00
. igwan Welght 15000p | ¥ Siiding Ratio 1625188
¢ RebarSize # i t ~Soit Loading (Service oard
" . S P Soil Pressure @708 27157 pyt
* ; Renar SF’“'“‘JEE@ g Soit Pressure @ Heet 0.9 pst
! Altawable. 3.0C0.5 pst
H E
ek | Rengr bosition o= 3]  Yota Bearing Load 5034 s
| Revar Depth o 9561 p i ~S Y .resulant ecc. 1838 in
. i s Rtio~ - 357 OK £ccemricily outsids yritdie third
i ife [TI000)0s | soment ~Footing R
CFy T s My 14,990.00 84 1 AC! Factored Pressure @ Tee........ 3,197 0 pef
Bk : = MRTPhi 180188704 | Factored Pressure @ Hoal. 0.8 psf
: Shew Design @ Tee.... 48894 08
{ Tofalforea  4.470.00ks Z;oiiéﬁ%aiil._. 145000 08
Been BB
.m:r Lm‘& Erbednert Lc:‘qgi ern Bane Motreert Governs HEEL Momernd
doin Lop Spéce f Above 45761 One Way Faoting Shears...
i1 Hook Embed ita Foots 18440 Shear@Tee()............... 7.975 psi
. - Shear S Heel o) ... .. 38223 psi
- o hook bar by shexs leved nreba: ? r | Aiow. Footing Snear Geipi) . . 76.025 psi
&3 Material
o
- 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.
. #: Thickness
- Use the drop down menu to input the wall thickness. If masonry is chosen, you
will be given standard masonry thickness (e.g. 8", 8", 12"). if concrete is chosen,
L you can increment in one-inch steps. If Fence had been chosen, this entry is
unavailable since the fence is assumed to be weightless.
Brew
E T8
.
.

Wk



#3 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.

& Rebar Size

Make your selection from the pull-down menu for bar sizes #3 to #10. “Soft
Metric” sizes will be displayed in parentheses alongside.

#3 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" 2.78" 2.75"

g" 3.75" 5.25"

10" 4.75" 7.25"
12 5.758" 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.

#y Specify Position Box
Click this box to change the defauit "d" value.

&

Enter .. 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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# Fg

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.

2% Short Term

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 totai
moment and shear since the stress increase may then be unwarranted.

#; Special Inspection

This is applicable to masonry stems only using the UBC or CBC code. If
checked, the full allowable f,, used in fiexure, 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.

23 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 E,, =750 * f,'n , 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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.- .2 E.Z2

[T ]
"y
Masonry Equivalent Solid Thickness (inches) il
: A3 -
Thickness {inches) g" 168" 24" 32" if
[
6 5.8 4.5 41 39 3.8 3.7
8 7.6 5.8 52 4.9 4.7 46 -
10 9.6 7.2 6.3 5.9 5.7 5.5 :
12 11.6 8.5 7.5 7.0 6.7 6.5 wik
14 136 9.9 8.7 8.1 7.6 7.4
16 156 11.6 10.1 9.5 8.6 8.3 e
#3 Stem Deslign Heights v
IMPORTANT! The term “Stem Design Height” used In this program is the vy
height above the top of the footing (i.e. above the base of the stem). It is the il
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 wi
increment represents either a different material (concrete, masonry, or fence),
thickness, or a change in reinforcing size or spacing. e
For most walls, only two or three changes in stem sections are used, for wilk
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. “n
il
#x 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 4
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 "8
stress ratio (the higher and closer to 1.0, the more efficient). i
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 8
Stern button and enter the next higher section. Advance the spin button to the il
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 "2™* section. .
i
'y
5 -
b
il
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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 {./F, + MacuaMaiewasie- FOr CONCrete it

P is Macwua/Maiiowabie-

Yosd The weight of the stem will be included only if there is added axial load. For
masonry stems, F, 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 calcuiation for masonry stems, we suggest you do not enter

diesd an axial load unless it is significant (e.g. greater than, say, 3000 plf.).

g Actual Moment

Hesd 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

e moments and shears.

. Allowable Moment

This is the allowable moment capacity, using working stress for masonry and
uitimate 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.

{aa

R

Total Force

This is the total lateral force from loads applied above the "Check Design at
LR Height" location entered. Note that when concrete is used the forces acting will
be factored. (Forces applied to compute overturning, stiding, and soil pressure
L are not factored.).

B
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Actual Shear il
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 wil
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 caiculated 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, sl
and masonry stems use “jd" x 12" (with proper calculations for partial grouted
cells) as the shear area. -
Allowable Shear wil
For masonry, this equals (f,'n * short term increase)* ¥z with a maximum of 50 psi. "y
For concrete, this equals 0.85"2*f_ *. sl
Lap Required If Above / Below wy
This displays the required lap length if a splice occurs above (or below) the wil
Design Height. They are not cumulative, either make the fap above or below the
Design Height for the minimum distance displayed. "y
The laps required above and below will be different if you are changing from i
concrete to masonry, or bar size. -
For concrete stems, a Class B lap splice is assumed (see ACl 318-02, 12.15), wid
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. ;
ﬁiﬁ
Concrete development lengths are computed per AC! 12.2.3, equation (12-1).
Lo
For masonry stems, the development length is set at 48 bar diameter, for !
F, = 24,000 psi and 40 diameters for F, = 20,000 psi. No reduction is made for wil
stress level.
Ll
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 b
are embedded in code specified 2000 psi grout.
ﬂla
Assumes bars are embedded in 2000 psi grout (specified by code) and therefore ,,5
bond is not a significant concern.
L
58 il
"™
wiid
"y
il

R
Wil



e

b

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 warning 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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STEM Tah Tapered Stem

&3 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).

e fe WETHesi | S [Resisies |owuming |
. — Fy 80,0000 Hosi ;~Stability Ratios:
Fhickness Top in _ P OTMRALD... .o e o 1547 1100
Base[ 16000 & OO Cover in i Stiding is Restrained by as adjacent siab
Stem Design. 0 Uoight 2 €% Heigit i {0 Stem Bage ~Soil  oading R {Service losd
. ! Sail Pressure @ Toe. . 3,586.9 psf
H pqove Footing [ 800 g0 [ 400 &t 060t ! Sail Pressure @ Hee! 0.0 psf
. Rebar Depth o 1050 in 1300 in 1550 in . : Aliowable 7.500.5 psf
: Rebar Size #[ 51+ # 31«] #[s]A i1 i Tota Beanng Load 19,767.5 Ins
T R 2 : . resuttant ecc. 30.83 in
:Rebarspacing [ 1200 gin | 1200 Hie[ 5w Hin Eccenmricily outside middle thisy
: Max Req'd Spating 18.0Cin 18.00in 6.83 in 1 o
| My Actual 40322 %# 32,2357.70F 108860305 ooting Results T :
{MrPhi Alow,  142223%# 54075.00% 121800008 {ACiTactored Pressure @ Tue. 35109 pst
1 ACi Factored Prassure @ Hew 0.0 pst
; Statws —>>  SumOK Sem 0K Stern OK iuDesign @Toe.... 14,5800 0¥
i *RebariapRegs 2136 in 48.08 in 4806in ;| [MuDesign@Heal. 145600 0
i Rebar Hoaok Develop Length inls fonting 2143 in : H
Sty Base MomeR Goveris TOL thamsrd
tior X 55 5 1bs 667 Jits : One Way Foating Shears...
Shew@secon 1dmshs  IaSSbe it | ORMmSMRNe- 5 5240
U Ach, 1433 psi 43 pst 1.38psi i Shear@Hemiow) ............. 66.121 psi
VnTPhi : Aliowsbie  83.11 psi 9311 psi 8311psi Aliow, Footing Shear vvphiy . 76.025 psi
Reduce hook bar embedment by stess level inrebar? T
£ Tkt o cepgaahe ston & TOPAE STEM
#z Material

The default will be Concrete, since masonry cannot be tapered.
#5 Thickness: Top and Base

Enter the thickness at the bottom of the stem and at the {op.
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#3 fcand Fy
Enter concrete strength and rebar yield stress.
Zs Rebar Cover

Select the clearance you want. Against earth or exposed to weather and where
formed, #5 and smaller bars are 12" 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.
&3z 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".
#3 Rebar Size
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 ACl 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 * M, or A; < min or A, > max.

Rebar Lap Splice Above / 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 d, 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

YA
Based upon 0.85 « 2 + (fc }‘2 for concrete.
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STEM Tab

Gravity 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.

View nput ]cm Juomss ]sxm ]Fodﬂa | cac o JIIKED
Note! T graohic does not stule vrith changes. See “Canstruchon” mb
Oead Lead [ DO gem
Live toad [ 408

Lot iFL)

Results iCanslrucnan fwatt Loadmg | Disgrams |
Summary ‘Resustmg {owertuming  JTat |
~Stabifity Ratias

: CTH Ratie 3317 100
: Siiding Ratio 1105 : 100
~Soil L oading

i Soil Pressure §Tue 1,168.2 paf
: Soil Pressure @ Heel.. 331.3 pet
: Aiowable.... 3,508.8 pst
I Totsl Beanng Load... 4123510
: . resullari eze. Eldin
%ACI Factared Pressure & Toe 1.570.0 psf
{ACI Factored Pressure @ Hee 445 2 pst

 MuDesign & Toe... EERG ¥

{MUDesign @ Hewl., 1310202
:  Horet morvent 6K uning 8 < $F¢

On&Way thsmus._

i Shear@Toe ... ... ... .. 3.259 psi
i Shear@mHeeltny) ... ... ... §.847 psi
i Alow. Footing Bhear omiphl) . ... 76.026 psi

Material

This entry displays “Gravity” and is not editable since any homogeneous material
with compressive capacity can be used.




Wall Weight

Enter the weight of the wall material in pcf. Generally this will be the weight of rubble,
or approximately 145 pcf.

Front Batter Distance

Enter the offset of the top of the wall from the front face at the base.
Thickness at Top

Enter the thickness of the top of the wall.

Back Batter Distance

Enter the offset of the top of the wall from the back face of the base.
Applied Load Factor

Enter the load factor to be applied, 1.6 for concrete, 1.0 for masonry ASD, or other.
F’c Max. Compression Allowed

Enter your criteria. Usually varies from 100 psi to over 700 psi.

F¢ 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.

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 defauit be zero.

Watll 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 / Compression
Interaction formulas displays compression and tension stresses.
Status

Indicates OK or NG for resuiting 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 aliowable
shear for the material you have selected.
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Stem Tah Restrained Wall

NOTE: Entries for Criteria similar to cantilevered walls. Recommend "wall height above
retained soil,” not exceed about ¥4 support height.

25 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 suppont.

Yol
P57 vworits B

i lwcd
% : iHelp: >< i
_ 5o HE e

Resuts  Construction leli Loading | Diagrams |

General Data [Mater&al Data | Options | Load Factors}
—General 2 Masony w 65 @ 32°
Retained Height....................... f ‘
o ¢
¥
et o e e
 Height of Soit over Toe............... in 7
H W
1
£ Masomrfw #5@ 28~ 4 .47
Yop Lateral Restraint Height.. ... 33000 %t x e
. g { | o e
~Soil Values
Soit Sicpe... i 2 €5
i Allow Soil Baaring oo [ Zumg gest
B Mascawi #5816 f 7
Lateral Pressure Mathad. ... EFP. I
. ; L — QR e
Active Soit Pressure - Heet Side.. | 00 9 pettt @Tor Tj
. 2] rxr
Actiwe Soif Pressure - Toe Side.. ! B0 g pstit .;“H; o
i Passive Pressure...... ... ... .. 500 3 psm
 Soit Weight................. B Te0e fee
; &Pt | W reba [ Onwmions [ Sob o Catoes
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#5 Material

Select Masonry or Concrete. Only one material can be Used, and must be of
constant thickness.

#Zz Support Height
Use the spin buttons (or type the value) for height from base to levei of support.
To check the overall wall height that you had input (retained height plus height
above soil) just click the CRITERIA tab.

#3y Thickness

The program only permits a constant thickness throughout the height of the wali.

Use the spin button (or type) the choice for thickness. If Masonry was chosen,
the drop down menu will give you modular choices.

#3 Fix Stem @ Base

Clicking this box will check footing and stem for 100% fixity at base. If
unchecked, pin condition will be assumed.

&y fm or fc
Enter choice for masonry or concrete.

9 FS or Fy

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.

#3 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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3 Solid Grout il
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, i
medium weight, or normal weight. If this box is not checked, the program will i
calculate the weight based upon grouting of only cells containing reinforcing. This
also affects equivalent solid thickness for stem shear calculations -y
#3 Short Term it
This is used for masonry design only, and indicates the allowable overstress ny
muitiplier (1.33 for wind and seismic}. It should only be used when wind or ‘
seismic induced stresses comprise most of the total stress (i.e. earth pressure is il
insignificant). For a concrete wall this does not apply since strength design is
used, and this entry should be 1.0. L
Stem Design sl
This allows you to design or check wall moment and shear at three locations: @ L]
Top Support, @ Mnax Between Ends, and @ Stem Base. If base is pinned, the :
entries under @ Stem Base will be zero or dimmed. il
Ht. Above Footing "y
This displays. from left to right, the distance up to lateral support, height to point ik
of maximum positive moment, and at the base of the stem.
|h"
Rebar Depth "d" i
From the thickness and center/edge condition, the program determines the d" to
be used for design (using internal tables and defauit modifications). See Rebar -
Position, above. For concrete, the program automatically adds to cover chosen il
one-inch allowance for one-half bar diameter, for determining "d" to be used.
#% Rebar Size v
Select from the drop-down menu. -
# Rebar Location "
with
Click the button for Center or Edge. -
#3 Rebar Spacing =t
»
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 iocations 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—or at the
base—or displays M,>Phi*M, or A,<min or A;>max.

Rebar Lap Req'd Above / Below

For masonry, the lap required is 48 bar diameters for F = 24,000 psi and
40 diameters for F = 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
1,

w4/ R 7
Based upon 0.85 % 2 + (fc )}2 for concrete and (fm }/2 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 walls.
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Footing Tab

Footing Dimensions

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.

L Retsn Pro 2005 examplos rps 1 EX-1

mmlomhom]szm Foating lc-cnm

Fusting Dimengions ley Dimensions & Sliding l

—Footing Size osi
Toe Wicth,... [ 2060 2{1 - L 20000
Heel Widih.. [ S [ 50 Hesi
Rebar Cover.
Total WAdth = X
otal rson inHeel [ 250 ajin

Thokness.. [ 200 | javee [ ImAm
Mi Rali
Centes Stem on Footing i nAsRala | 10018

Rebor @ Bem Base - #7 @ 16 006

Tm(i"dwﬂ'm‘sw e ¢ 7 I7]
vax @ [EB]in
Mﬁm}sma.soh,isgmmh,mum se #f 5 =]

PNt 1 $7@ 13.25 0, £80 25.25in, #9Q vax @ [ 6500

Key Reinflyag 12 30 s, #52 1925 m, 6@ 77 25 LI |

lh, NE3IT28 N, Vo €8 ln

Rasults iCunstmctmn ; Wall Loading I Dxagnms !
Summary [resstiog | Overuming Tt |

§ OTMRAND. e 2908 : 1.00
i Sliding RalD ..o 1.625 . 1.00
~ S0l LOMNG RESURS —~{SEVICE UG- -rrmr s oo o
: Soif P @Toe 2,716.7 pst
Sof P & Heatl £Cpsr
3,006.G psf
olat Bearing L.oad... 8034 9o
.resultantec 1838 in
a:sm;cky outsice middle third
~Fogting Result:
1 Faciores Pragsure § Toe.......... 3,167.0 pst
{ Factored Pressure & Heel. 0.0 psf
u:Dasigh @& Toe 48884 N3

i MuDesign @ Heel. . 148800 ¥
: : Stern Bease

One-\Way Footing Shears... .
H Shear@me(vu) 74976 psi
: Shear@hesitvn). ... ... .. 38.273 psi
: Adlow. Footing Shear bmiphdd . .. 76.028 psi

T Selertpch st ol 15 e Somradfows T et o

25 Toe Width

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 overtuming and resisting moments are taken about the bottom-front

edge of the toe.
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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.

&3 Footing Thickness

& f,

& F,

Total footing thickness, NOT including the key depih (if used). For bending and
shear design of the footing, the rebar depth “d" is taken as Footing Depth - Rebar
Cover - %" (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 waming. 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 sfress for footing.

Allowable rebar yields stress to be used for design of footing bending
reinforcement.
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#3 Rebar Cover in Heel/Toe il
Distance from the face of concrete to edge of rebar. The program wilt add 1/2" to ,
this value and subtract the resuit from the footing thickness to determine the "
bending "d" distance. i
&3 Minimum A, Rebar Ratio -
Enter the absolute minimum steel percentage to be used to calculate rebar ,.m;
spacing requirements (commonly 0.0018 Ag for F,=60,000 psi, but code
applicability for footings is arguable). if the % steel required by stress analysis is -

less that 200/F,, the minimum of (200/F, -or- 1.333 * bending percentage
required) is calculated and compared with the Minimum A% entered here, and b
the greater of the two used to calculate rebar spacing requirements.
Y
Rebar at Stem Base .
il
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 oy
the bottom stem dowel bars bent toward the toe). '

i
Toe Reinforcing Options

L . 5 L . =
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 il

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. #ly
Ahii

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 afiowance per code) is adequate to resist the applied my
moment. However, the designer in some cases may consider it prudent to add

reinforcing regardiess of the theoretical flexural capacity. o

Heel Reinforcing Options "

This fist gives you choices for acceptable sizes and spacing of top heel bars. It is b
desirable to select a spacing that is modular with the stem dowel bars for ease of

construction. Note: The program does not calculate the hee! bar development -1

length inward from the back face of the stem (where the moment is maximum). il

You can refer to Appendix B for development lengths in concrete, which can be

adjusted for the stress ievel in the heel bars. When detailing footing reinforcing it ay

is important to consider and specify development lengths for both toe and heel ’

bars. il

mg
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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 fiexural capacity.

Rebar Selections

Use these three entries fo 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 resuitant must be within the middie 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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Footing Tah

Key Dimensions and Sliding

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.

R
Tuloriests X% #

Hep &
eyt G leihee X |l v
; T T o o i Bret ;| iRyl Concel | Save
Vinve inpurt | Criterts [Losds |stem Fotng Jcac ric FEETE  Resuts !Cnns:ructmn | walt Loading | Diagrams |
F ooting Dimensi Key Dimensions & Siiding | summary |resisting | Ovemuming | |
rKey Di i ~Stability Ratios
i Kay Oeptn.. m | OT™Rato...... 2.808 :1.00
! Key Lozation f fomtoniofioe  stnwiien || || | SidnsRafo.. 1625:1.00
Soil over oe to negiect for stiding resistance . . in Soﬂl;"rsssuure @' Toe _: . vee :a'“ 2715.7 pst
Stiding Resistance Mathod ... ... {FroorPamie 1] : Soil Pressure @Hee! £.0 pst
Aliawabie.. 3,000.0 pst
Foating/Sol Friction Factor . ... ......... ey i Totai Bearing Load... 9‘03435.& B
H cc. . 18.38 in
% PRSSIVE Usable for Sliding Resstance .| 1060 3« i:ccemr:ce::: and g5 cme P 8381
% FRICTION Usable for Sliding Resistance .| 1000 8% ~Fooling Results
 SUMIMary of SHINQ FOICES  cromnierrermaree s ACI Factared Pressure @ Toe....... 3,187.0 psf
! Lateral Forcs @ Base of Footing 25100s || ACHFactoied Prassue g Heel 6.9 pst
i  fess Pagsive Prassure Force . 24204108 i i MuDesign @ Toe.... 46804 ¥
i essFriction Force - L4BS4Ms H | MuDesign & Heei... 148900 5
i Added Resisting Forze Required...... ... goms  J |l i
Added Resisting Force Required 0.6 tos Stem Desa M HUEL Moment
? g L'i' borenne anenn R 5 Em_ ; S
il it R A g B T08 (0 e 7.978 pst
I . i Bhear@Heeltwsy.............. 33223 psi
I L JSiling Factor of Safety s - : 1625:100 i | Alow. Footing Shear tiphd ... 75.026 psi

#: Key Depth

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 sa the sliding safety factor is
acceptable, but not tess than 1.5. A depth greater than three feet or one-half the

footing width is not recommended.
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: Key Width

Width 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 100%.

% Friction Usable for Sliding Resistance

This may be a stated restriction in the geotechnical report. Enter a value from
zero to 100%.

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 ioe side. The latier 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 mulliplied 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 boitom 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

Ifthis is 0.0 Ibs., 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 shouid be at least 1.5.

NOTE: if iateral 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 Wall

Stability

For Restrained Walls the STABILITY screen will appear differently, summarizing the
conditions you have set regarding base fixity and base lateral restraint.

i, Retain Pra 2805 12 rp2i05 examdn v ps  FA-F

Nelp &
Yunorisis

|
.
<

Settings
o i ek i
- | @ sl X ?;
Sedialh: By [ Sqp1yh (ancel ! Jaw |
View nput  Crerle {Luml&em lFocmglchch‘o Results lConsirudmn IWaH Loadinglbiagrnmsf
General Data lMaterial Data | Options | Laad Factors | Summary S!a:mm‘
; eral-— " | uoTE: s1aty is HOT providing siiding stem Is FIXED at footing |
;l;n::.u Hmihi Reaction force 2t Top - 2404 s
alt height above................. .. ~— -
retained 2ol 730 4 1 [ Farces acting on footing for sliding & sofl pressure 1
ot So S St sy
Height of Soil over Toe....... R in Stem Ghear @ Top of Foohng 2501 0%
Heet Active Pressute -185.0
Sliding Force 745.4lbs
Top Lateral Restraint Height.. ... 10000 HN Load& < v For Foting : For Soil Pressure
—Soil Values Momert £ Top of Foding Apped rom Siem -7323 &%
Sl SIPe. oo o4 1
e ] Surcharge Over He
Allow Soit Bearing...................... pst Adj. Feeting. Laad
Adalloadon Sterr 1440 0.82 1325
Lateral Prassure Method......... L ErR 1A Soll Over Toe
Active Soil Pressure - Heal Sige. [ 3000 2] astt Surchurge Over To
Stem Weight 1.039.7 1.50 15631
Active Soif Pressure - Tos Side.... gt Soil Over Hee 7678 247 18568
e P . Footing Weight 4500 1.50 875.0
Passwe Presswe..... T RSt Totst Verticat Force = 24015 ibs ase Moment = 3450 Rt
Soil Weight..........ooreoee [ T1000 H oot ¥oment used for Soif Presswe Calt = 1673 Ny

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.

77



For analyzing the stem, if it is assumed “pinned” at the bottorm (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 capacity 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 eccentricity 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 Tab Summary

This screen summarizes the footing/soil bearing results obtained from previous
o 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.

i Retain Pro 2005 CpZ 685 okamplerrpS BT T
e ; ek
- :
2] s 2 SRS L e et SR S
s Viewtput Crteca | nacte | stem [Foaing | catc oo IRERIERERATIC]
General Data |Material Data | Opticns | Load Factors | Summary [R“'Sﬁ"u |overurning |7t |
e . . . ~Stahility Ratios
Retained :elgm[ 16.096 §ﬁ o Ratic.. 2808 -3.00
Wat beight above................ .. D g i .
o retained soi 1 Siiging Ratio 1.625 :1.00
Height of Soil over Toe................ 12000 $in :~Soif Loading Results - (Servics load
o , . : Suit Pressure B Toe. . 2.715.7 pst
‘Water 1abie height over heei........ G000 &N Soil Pressure @ Hes! .0 psf
s : Aligwadiz..... 30005 psf
i Tota Bearing Loag 8.034.9 1§
—Seil Values H - FESUMENT €ET e 1838 in
i SOl SIOPL. e | 700 4+ 1 . Eecemucsy sitsude middte trd
' i 5 ;{odm‘
- ; Aflow Soil Bearing o [___30000 G psf {ACHFactored Pressure @ Toe....... 3.187.0 pst
Lateral Pressure Methad............ | EFF._ [x] ACHFactored Pressure € Hee! G.C pef
. . . iMuDesign @ Toe.... 4,883.4 0-#
- Active Soil Pressure - Heel Side.. { 4508 3. pel® Euu;\')esign @ weel. 1689604
Active Soil Pressure - Toe Side.... | 3000 3 psot ! stem Base Moment Goverre HEEL Mornend
o A ™ %500 & et | One Way Footing Shear
i Passive Pressure.... ............... i 38300 3 pstt S;..gfw@m:‘a . = 7.878 psi
Soif Weight... ..o H 110.00 8 pef i Shear @Heeipul . 38223 pst
. b i Aitow. Footing Shear ¢ 78.025 ;si
SR ot Wl 1y be desr (e i syt o 9 Gl
Stability Ratios
These are displayed for both overturning and sliding.
v Soil Pressure @ Toe and Heel
k3 . . . -
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 ail vertical forces.
Resultant Eccentricity
Distance from center of footing to resultant soil pressure.
Eccentricity Within/Outside Middie Third

The resuitant is outside the middie 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 joads 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 resuitant vertical
load eccentricity were to be calculated using factored loads, the distance would
not truly represent a correct state of stress in the soil. ACl 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.

M, Design @ ToelHeel

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 controts.
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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. {f "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_*).

Stability ratios are re-displayed.
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Results Tab Resisting Moments

This screen presents in tabulfar 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.

Pt

i Reramn S rpROOS exarmdoe spBs EX1

B i ] Sl Ae] | Pt | 1_ LR
View Inpat  Citeris iwmlsm !Fdﬂﬁlm!ﬂo Contifvvered] bt SRS !COnstruct;nr:{Wﬂ! Lc:dmgfl}uagmmsi
General Data JMateriaf Oata | Ogtions | Load Factors | Summary Resisting ’menummg jrn |
Resisting Moments force Qistance  Moment
Retained Height e {3008 B8 Sof Over Heel 43500s 5250 2538750
Vall height above Siopec Soi Over Heel 556.8 6.00 33413
manged soil C:@ﬁ Surcharme Over Heel hay
Adiacert Footng Load 68
Height of Soif over Toe........ ... } 12.008 3. in Axidh Daad Loed or: Sem eg
; T 2200 1.00 288
Water table height over feel....... [ G000 H1 gszg:e g‘;« tog a0
Stem Wenti{s) 11118 245 27187
Earh @@ Sem Transéians 1713 283 495.2
—Soll Val Fookng woigrt 1,875.0 375 70313
el Key st 1500 250 3158
§ SO0 SIOPL. e ET K B Vert. Componert 21787 150 16,340.2
! Allaw Scil Beafing... . ......... ... pst Yo VerticalLoads  11,2138l0s
Resisting toment 56,495.1 ¢
: Lateral Pressure Methed............. | EFP.
| Active Soil Pressure - toel Side.. [ 45060 3] nstt [ Resisting/Overturning . : - 7808:100 _ ]
{ Active Sod Pressure - Top Side. .. pstt » EFP methad used. To cedcuibds verticsl conpanert, sngle
i mrnmsmmmsrpmmm » BHdeg
i Passive Pressure. ................. sl
F—-— . ooy ~These values are used for soil p C h
; Soit Weight.......ooooin | 11006 4 vl | Force~ 9045t Moment= 401563 b4

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

i

-]

.

i

il

L

Wil

"y
wilf
m%
il
-
i
iy
wil
vy

wib

py
wil
"y
"
Q“

wilh

ny

itk

on

il

Gla
]
]
\‘u"‘

"

il



Ena

Bt

g

L

TRk

Fal

G

ey

I

P

deen

Hiet

B

s

oend

[ 7=

Overturning Moments

Results Tah

This screen presents in tabular form each component acting horizontally to

overturn the wall/footing system. The centroid of each force is multiptied 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 totat lateral force.

Retain Pro 2605 € rp2oss exatrplesspS BN -

General Dats !Material Date foméons l toad Fac!n)rs!

Retained Haight..................... 0006 KN
Wall height above.......... e ]
mtained goil (I

Height of Soil over Toe................ § 12000 3. in

Watet table height over heel... . 1 Gk 4

—Soil Values:

Sod Slepe..... ..o ': 200 3. Bl
Altow Soit Bearing, ... 000 & pst

Latera! Pressure Method.. .. _....
Active Soil Pressurs - Heel Side.. 23544
Active Soit Pressure - Toe Side. .. pett
Passive Pressure..................... pstnt

§ Sl Weight.....ooooororeocnreceen. [ 11G00 31 BEC

View Input Crieris [u.m]sem IFaunngﬁ:No

5 ¥ Hlk;i 4
e x@*(et';’:wwx sgw

Resuis iConsiruc(mr. ]Wzﬂ Loading | Diagrams l

Summaty | Resisting ~ Oveturning  [rt |
Owertuming Homen's  poroe  pistace  toment
Heel Active Pressure 4357.7ips 484 282147 08

Toe Active Pressure 1067 088 848
Adjatent Fooling 00
Surcharge Over Tee (2
Laad ¢ Sterm Above Sot -2+
Added Lateral Losd [:54]
B (2

] 80

Totals = 42510k
Overturning Moment 0116902

- 2808731007 |

| Resisting/Overtuming ="

PRy

The total overtuming 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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Results Summary Wall Tilt

This computes the rotation of the wall due to compression of the soil under the
toe.

RN g 2 tHelp :
e g oot G i gFLy) Cancel 1)
Results ICnnstrudinn Wall Loading i Disgrams ‘
General Data |Matedat Data ] Options | Load Factors | E v|Resicting | Overtuming Vit }
R . Horizontal Defiection ot Yop of Wall dud to setticment of soil
Retained Height............cccoocererre 1 = ochon due 16 wel Bending it Coneidercd)
Wall height above...................... 5 e .
ratained it 6000 Hn Soii Bpring Reastion Modulus | (G Slpci
Height of Soif over Toe.............. {00 B Horizontal Defl € Tog ofwWall L1t

Water table height over heet........ ft

~Soil Values:

S0l SIEpe.....oooooens e | 200 Y% 1
Allow Soil Beafing..................... psf
tateral Presgure Method............. EFP. [+

Active Soif Pressure - Heel Side.. | 4500 3 psift

Active Soil Pressure - Toe Side... pset
Passive Prassure..........ooeewne 38300 4 pspnt

| Soil Weight .....ccooooce o [ 11000 H PCC

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 (psifinch) to obtain A. Then, assuming the wall and footing rigid, the

out-of-plane titt at top = A% , 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 fo 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 Hyyy
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CONSTRUCTION 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.
L :rwz'y:.
Resuts  Constriction [Wall Loading | Diagrams |
. General Gats ]Ma!edal Data } DOptiors lLsad Fac:ors’
o Retained Height. ... ﬂ .
i o vh’«“;i‘:;l?;:! 352?;'8 .............. T f St r'— <%
Height of Soit over Toe............ 12000 Hin o
. Water table height over heel....... [ 0000 0
RWEOE" 4 .o~
k28
e ~Soll Values PR T
Soil SIB€....oo e B
- Allow Scif Baaring..................... 3000 & psv
. Laterat Pressure Method.............
Active Soil Pressure - Heei Side.. l 4500 chﬂﬁ
o Active Soit Pressure - Toe Side. . st
s Passive Fregssure..................... vsﬂﬂ
SOl WRIghL........ooeooveeeeenene | VIGO0 5 B
>y -D ,‘% Print Ipﬁmgwpwﬁcm;
. Speid B dtagned [ee b ' T
\ To print, use Print button at bottom feft. Layers of information can be turned
offfon by buttons at bottom.
THIS DRAWING WILL NOT DEPICT THE WALL UNTIL YOU HAVE ENTERED
3o SUFFICIENT DATA. ONLY A DEFAULT GRAPHIC WILL APPEAR INITIALLY.
L] 85



Wall loading Diagram

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 lower left (not shown on above illustration.

L Retait Pro 2065 ¢ epl00S exatnples #ps  £3-3

: i ¥ a3 S ‘ ot Lora AT ; J
View ignu Crteris Lcads | stem [roctng | coc nic IETEENRUEME]  Resuts | Canstruction Wall Loading |Diagrams |

General Data IMaten‘a! Data I Options h.uad Factors [

Retained Haight... ... n
Wall height above......................

retained scil m“
Height of Soif over Toe............... in
Water table height over heef......_. 0.000 44

~Sail Vat

SOH SIOPE.ervoveeoneee oo R
Altow Scif Bearing............occoee.en. 30000 4 pst
Lateral Pressure Mathod............. [ EFP. I¥]
Active Soil Presgure - Hee! Side.. psmt
Actvs Soil Pressure - Toe Side. .. pelft
Passive Pragsure. .................... pst
Soil Weight.....oovvo oo | 11000 2 PET

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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Stem Diagram - Envelope Curves

These curves display applied and resisting moments plotted aiong the height of

e 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.

R ™ 7
" e fegit _
. s SR e s s B = 5“ HED WX §}/"-'

o Viewinput Crherin JLomts | Stem | Foeting | o | Corticosred T Resutts | Construction | Wall Loaging Diagrams I
e General Data !Materia! Data | Options | Load Factars | : :

Retainad Height
a9 Wali haight above

retained soif

it Height of Soil over Toe

Water table height aver heel........ fl
[

~Soil Val

o il SIEPL..... oo 200 =] 1

Adlow Seit Bearing.............c....... 30000 & psf
A

alerat Pressure Method . .. - [ EFP i)

i Active Soif Pressure - Heel Side.. | 45.00 *-; psn

Activz Seil Pressure - Tae Side.... 3000 4 pson
o Passive Pressure... ... pscit
oot i Sod Weight ..o 11000 4 pef

’ ¥ Mamen! Diagram 1.
E e
v 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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AUTO MAINTENANCE UPDATES

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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CREATING AUTOCAD® DXF FILES

By selecting Make DXF 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.

sefect DXF File Options

: General ]Coicrs & Layersf

Drawing Scale | BM 5]

~Toe Rebar Siz
C #4 € ¥7 ¢ #18
 #5 B ¢ o
O #6 %9 " Naone

Meximum Spacing: = 18.000 in

ToeBarSpacing = | 1800 ¥lk]in

Longitudional Temp. & Shrinkage Reinf. in Footing: #

Show harizontal reinforcing ?

Draw Paving at..... Toe
Heel

—Heel Rebar Size
ol ¥ Lol
€ #5 T #8
© 38 T #9

am

C g
[QF 2
¢ None

Maximum Spacing :=

Heel Bar Spacing =

~

14.000 in

}(, Cancel

Make
V' ox

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 iose 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.

8%



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 LT {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 DXF file (HINT: Create your DXF file and save it fo your Windows
Desktop for easier manipulation).

3) Click on the DXF 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 AutoCAD DWG 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 ailowabie 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 fo be calied Six Foot

Wall. DWG, it must be written out as Six_Foot_Wall. DWG so that the spaces
between words are filled with some other character than a space. Thisis 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.
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CREATING AUTOCAD® DXF FILES

Golors & Layers

Use this screen to establish up to eight layers for your CAD drawing.

Setect DF File Dptions

- Generat Colors & Layers ]

~ Layer Colors...

- Callouts e [+] teyerName:|
Dimensions Layer Name: |

. Stem Layer Name: |

: Eooting Layer Name: |

Rebar Layer Neme: |
Hetching Layer Name: |
Title Info Layer Name: |

| Notes Layer Name: |

>< Cancel

g1



THE 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 format) 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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Methodelogy & Design/ Analysis Assumptions

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 {ateral 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 100%
fixed at base, or pinned. Lateral support is near or at the top, and moment/shears 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 Ibs. 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 biock 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 (SD)
using factored loads. Factors for various building codes will 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, soll 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 soit 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 overtumning should be at least 1.5:1, and the
program displays warning messages when this condition is not satisfied.

Where 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 normai
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 hee! 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 AC! 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 axia! 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/lf,
suggest suing a footing design software or hand calculations.

A vertical component of active pressure, P, can be assumed to act along a
vertical plane at the back of the footing and the program (Options screen) aliows
choices of whether it is used to affect soil pressure, overtuming resistance, or sliding
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, B, therefore, P, is P, sinp. If the Coulomb method is chosen, the line of action
is 5, which is assumed to be ¢/2. Therefore, for the Coulomb method P, = P, sin
{$/2). For the EFP method, ¢ is obtained by back-solving the Rankine formula, but
using P, = Py, tan (¢/2). This aliows you to use a vertical component for a levet backfill
by checking the appropriate box on the Criteria > Options screen.

Special inspection for masonry as defined in the Uniform Building Code limits F'r,
to one-half its specified value if special inspection is not provided, but does not effect
E 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 aliowable 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’ of 6", 8", 10", 12", 14", and 16" are allowed in the
program.

Stem reinforcing may be #4 through #10 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}. When 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 AC| 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 p =M/ (jd = dy), and
compares this with the allowable development length. The formula for bond, relating
to shear, is: u=V/ (%, ]d), where I, 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: 1 =035V
s/ dy j d, where *s” is the bar spacing in feet and dy, is the bar diameter, if the
designer wishes to check to the bond.

Bond stress in masonry retaining wails 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 wouid 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, f, = 60ksi, . = 3,000 psi) whereas the same bar in masonry must only be
lapped 3'-6" (assuming F, = 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 F, = 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 / 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. Overfurning 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.

When floor slab restraint is 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.

When 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.

When 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 avallable 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.

When 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 muttiplied by the thickness of the footing. Since the bottom of the stem is
assumed “pinned,” for analysis purposes, the resulting soit pressure will be
trapezoidal; however, in actuality there wifl be some fixity at the stem-footing
interface. if the Sterm 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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