Appendix A10 Cantilever Retaining Wall #3 Calculations

In this example we have a non-sloping back-filled retaining wall with a load surcharge and a
water table present. Here we will calculate all soil pressures, design all aspects of the retaining
wall and check for overturning and sliding.

Input Parameters

The retaining wall is cantilevered and the base is not restrained against sliding. The wall and
footing are not poured monolithically. Footing dowels occur at both faces of the wall and are of
the same size and spacing as the wall reinforcement.

In this example we will use a load combination of 1.0*DL+ 1.0*LL + 1.0*HL for the service
LC and a load combination of 1.2*DL + 1.6*LL + 1.6*HL for the strength LC.

DLFactor =1.2 LLFactor =1.6 HLFactor =1.6

Geometry
H,.=16-ft Hwall = Hsoil L,,.=3.5-ft Wiey:=18+in
Hwater::6‘ft Lheel::5'5'ft Dkzey:: 18+in.
topall = 18.1n tfoot =18-in Lkey =4.5.ft
L,=10-ft Total length of wall
Lot = Lige + Lpee; + toot = 10.5 f1 Overall length of the footing
Offsetye,:=Liey+Wiey— Lige = tyau=1 f1 The key offset from the interior face of wall

and the interior face of key.

Materials
kip
it

Yeone =15+ fc =4 kst fy =60 kst
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%)

pn:=0.5 Coef of friction w/soil B:=0 backfill angle H,pooiii=2+ft

Soil =5+ksf q:=500- psf surcharge

allow*

Y i=62.4«pcf
Vo= 115 - pef
P i=32-deg ,
g4
4
V=125 pcf b -
a
&
¢s:=30-deg ' Gamma =
115 pct
Phi=32deq
' o =
SF:=1.5 This is the safety factor l J
required for both sliding G _ e ;B%rnrn TB =
and overturning. 1 1asm£1c1fa - | RE
. * =
& Phi= 32 deg ‘ Pl =30 oeg
Note: The moist soil properties ‘
are also used for the toe soil. j - G —e] 1" 56" -
B B
p s o 7 oat S
15 . y.] ~ I‘ﬁ e i ‘d

- ﬂl_Bl - 11_8. - ql_all a I
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Wall Reinforcing Properties

dpinside =0-75 11

§:=8+1n spacing of vertical bars
Aphoriz=0.5+in .
bhoriz Swallhoriz*= 10 +11 spacing of horizontal bars
dboutside =0.5 1
Numygees =2 Two faces of reinforcement
2
T Apinsid .2
Aginside = ———°_=0.442 in~  #6 bars interior.
4
2
TT e db tsid .2
A putside = ———"C =0.196 in #4 bars exterior
2
2 oTT e dbh ; .2
Agorizi=——  =0.393 in #4 bars horizontal each face
4
COVET;pgide =2 1M COVET pgide =111

The outer bars are in the horizontal direction.

- 1" = ._2,,
#@18" oc ef—
\

#@e" °ﬁf’ ===l

H#B6@8" oc—T] N I L
P m Mmmwruu ||mm
)\,"
4’l-3%ll
Wall Plan Yiew Section _J
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Footing Reinforcing Properties

dp1op:=0.75+1n Stopi=8 N

dbbot :=0.75. 'I/n/

Spot =8 1n
d :=0.5 .
blong Slong =16 n
2
mTed )
Agpop=— itoza —0.442 in’ #6 bars at 8" spacing top
2
mwed )
Agori= Wt _0.442 in” #6 bars at 8" spacing bot
2.7med 2
Agong ™= blong _ —.393 in” #4 bars at 16" spacing longitudinal each face
covery,, =2 in covery, =3 in

#E16" oo
J i #EEE" oc — "
L Al
= o

Lk |

< =
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Calculations

This section breaks down all of the calculations that occur within RISAFoundation for
retaining wall design.

Force Calculations For Overturning, Sliding and Wall Design

Lateral Earth Pressure Coefficients

B=0 b, =32 deg $,=30 deg
K, :=cos ()« (COS B)- \/(COS o) - (€05 (9m)) 2 \|: 0.307
|\cos (B)+ \/(COS (3))2 - <COS <¢m>> 2 }l
K,,,:=cos (3)- (COS OV 0) - (c0s (0) \|:3.255
|\cos B)— \/(COS (3))2 — (cos (pn)) 2 /l
K, =cos (B) - (COS ©) Vo) - (cos (6) \|:0.333
|\cos (B)+ \/(COS (3))2 — (cos (¢)) 2 /l

Lateral Pressure Calculations (Service)

P,:=K,,,-q=153.629 psf
P2 ::Kam' <q+ <Hwall_Hwater> ‘7m> =506.977 pSf

P3 ::Kas' <q+ <Hwall_Hwater> ‘7m> =550 pSf
P4 ::P3+Ka8'Hwater‘ <75_7w> +Hwater'7w: <105 ° 103> pSf

( 3\
P5::P4+Ka8'tfoot' <7s_7w>+tfoot'7w:\1'175'10 / psf

Py ::P5+Ka8'Dkey' <7s_7w> +Dk:ey'7w: <1299' 103) psf
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Pri=Hypesoit* Yo * Kpm = T48.555 psf

P8 = (Htoesoil+ tfoot> '7m'Kpm: <1‘31 ° 103> pSf

( 3)
Py = (Hioesoit + oot + Diey) * Y * Ky =\1.871-10") psf

q= 500 p=i

FT

HE= 1.15?'

=749 psf -

A

P4 = 453 psf

PE= 12

10 pst

PO = 1871

psf

AlO.g

F2 =607 pst
© |\ P3 =580 pst

P4 = 1050 psf

P5= 175 pef

PE = 1200 psf

.




Lateral Resultant Force Locations for Overturning
H,:= (Hwall + tfoot> <0.5=8.75 ft
H,=(H,6 ,—H (1) H t, .=10.833 ft
2°— < wall water) * '\5}' +Hyqper + foot — . f
Hy:= (Hwater + tfoot> <0.5=3.75 ft

H4:: <Hwater+tfoot> * (%) =2.5 ft

1
H5 ::g' (Htoesoil+ tfoot) =1.167 ft

q=40 pf
Tﬁ P1 =183 psf
-«
4
. HZ = 10,65
A
. H1=B75
B [ P2 = 17 paf
¥ TRFIEE
2.
o H3 =3.75'
i H4=2 5"
= =100 pe
|._‘ i “ ﬁ.“ B ‘.‘.
) s . 4 ol FS = 1175 paf
Ll ol \.F6=12$ pef |
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Lateral Force Summations for Overturning, Sliding and Wall Design

LFl ::Pl * <Hwall+tfoot> 2.689 — kzp

This value changes for all 3 calculations.

ki
LF\yiq.:=LF,+ P, - Dy,,=2.919 ~2
kip
LFlwall ::Pl * <Hwall> 2.458 ——
1 kz This is the same value for all 3
LF, :5 (P2—=P1) * (Huan = Huater) =1.767 R calculations.
kip

This value changes for all 3 calculations.

LF3 = <P3_P1> * <Hwater+tf00t> 2.973 ——

LF 340 := LF3+ (P3—P1) » Djye,y = 3.567 —— kip

knp

LF3wall = <P3—P1> ‘H =2.378 —=

water

ater T tfoot) 2.342 — kip This value changes for all 3
calculations.

w

LF,:= (Py—Py)- ( %) (H

LF ygqe = (PG _P3> ‘ (%) * <Hwater+ tfoot +l)lcey> 3.372 —— kp

LF4wall = <P4_P3> ¢ (%) * Hwater — =1.499 — kzp

1 ka
LF,:= 5 “Pg- <Htoesoil + tf00t> 2292 —~ -

This value changes for all 3 calculations.
1 kip
LF5slide = 5 'P9 ° (Htoesoil + tfoot + Dkzey> =4.678 —

ki
LF5wall i P7 Htoesozl 0.749 — P
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Vertical Force Calculations (Service and Strength)

_ kip
wl'_Hwall twall * Yeone =36 —— ft Wy —DLFactor w;=4.32 — kip
ki
Wy = tfoot' <twall+Ltoe+Lheel> 7conc_2 363 —— P
kip

wa _DLFactor *Wy= 2.835 —

kip
=W, oD, =0.338 ——
Ws key key Yeone= w3f — DLFactor s Wy = 0.405 —— kZp

kip kip

Ltoe Htoesozl Tm= 0.805 — w4f - DLFactor TWy= 0.966 —

ka ki
Qtotal* =4 " Lheel 2.75 — p qtotalf - LLFactor Qtotal = 4.4 ftp
kip kip
W= Lheel ° (Hwall - Hwater) Ym= =6.325 —— W= DLFaCtOT W5 = 7.59 — -
kip kip
Weg = Lheel'Hwater'7s 4.125 — Wey* _DLFactor w6_4 95 —

P B
-
&
F
B -
?
e,
. wd
—T ] vi
M .
4= "n’Z‘. b i
P " 4 R S
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Vertical Force Centroids

¢
D=L, +-2% =425 ft
2

L
D,:=_1%" —5.95 ft
2

W,
Dyi= Ly, +—¥ =5.25 ft
2

L
D= ;"i: 1.75 ft

L
D5 = Ltoe + twall + };Ed =7.75 ft

Dy:=D,=17.75 ft

Stability Checks

Overturning

This check is taken from the base of the toe of the footing.

MRl ::wl‘Dl+w2‘D2+w3'D3+U)4'D4:30.884 k'lp'%
t

MR2 = w5‘D5+ <w6+QtOtal> 'D6+LF5‘H5: 104-975 klp‘%

MR::MRl +MR2: 135.858 knp-%

MOT::Hl'LFl+H2‘LF2+H3'LF3+H4‘LF4:59.667 k‘lp-%

M
R _92.977
Mor

OSF:=

UCOT:%%:O.%g

This retaining wall passes the overturning check because it has greater than a 1.5 safety factor.
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Sliding

This check is taken from the bottom of key elevation.

kz
Fgiige:=LFg4e + LEy+ LF 3640 + LF' g4, = 11.625 f—f)

R:=w, +wy+w;+w,+ws+wg+ o= 20.305 kip Total vertical force
t

ki
FFriction::R'N: 10.153 f_tp

1 ki
LFS ::E'PQ' <Htoesoil+tfoot+Dk:ey> =4.678 f_tp

_ _ kip The forces resisting sliding are due to both
Fresist = Frriction + L 5g1i4e = 14831 friction and passive pressure on the toe
side of the footing.

Fo .
SafetyFactorgg;, = Reswst —1.276
FSlide

UCsiiding = o =1.176
SafetyFactorging

This retaining wall fails the sliding check because it has less than a 1.5 safety factor.
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Designing the Wall Stem

The wall stem was poured separately from the footing. Where the wall is poured the footing
has not been intentionally roughened. Footing dowels occur at both faces of the wall and are
of the same size and spacing as the wall reinforcement.

L, =10 ft H,.,=16 ft twar=1.5 ft

Aginsidge=0.442 in® #6 bars interior. COVer;, e =2 N
Asoutside = 0-196 Z:l2 #4 bars exterior COVerT , tside =1 1N
Agori-=0.393 in #4 bars horizontal each face S8 in

Num e, =2 Swallhoriz= 10 1N

The outer bars are in the horizontal direction.

- " = D"
#4@18" ocef~ ,\]
q

. ] =l==li=F]=]]
#4@E" oo ==
(i
#6@8" oc~"/ sl=N=1E
: | IR
)\J' [
LY ¥ LI
Wall Plan View Section N

Axial and Bending Design (per foot)

These are the centroid heights of each portion of load.

H

1l
leall:: =8 ft
2
H, ,—H
HZwall ::Hwater < wall 3 water> =9.333 ft

H
H3wall = TI;ItET =3 ft

H
H4wall = TI;ItET =2 ft

H. .
Hypun1= t‘;fs‘"l =0.667 ft
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P1= 1563 pt
a4
4
g H2wall = 2.233
4 o
’ Hiwall= &
] [ P2 =507 psf
1 ¢ " Fa=smpst
s Hawall= 2
;. Haw all=4
HSnalk 667 .
[ " /prk7aa pst P4 = 1050 psf

i R

P,=0-kip
Mwalls = LFlwall * leall + LF2 * H2wall + LF3wall * H3wall + LF4wall * H4wall - LFSwall * H5wall

M

walls

= 45.787 kip-4t
ft

HLFactor =1.6

wi walls

M yaup=HLpqctor * Myans = 73-26 kip.;z

d

binside .
cant ‘= twall —COVET jn5ide — dbhoriz - > =15.125 wn

d .
boutside .
A prime 3= COVET yyside + Apporiz + — =1.75m

A . A
Q= —stde Ty _ 0.975 in ppime 7= —ttde Y. Iy =0.433 in
0.85<f.s 0.85<f.s
( oyl )
Asinside ¢ f y*l dcant -
\ 2 ) 12
anall = 12 * <
M, e =48.501 kip- " This is the moment capacity in the wall not considering

compression reinforcement
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¢wall =0.9

Ph’ianall = ¢wall ‘anall =43.651 kZp * ;z

M:1 678

Bending 1=
Interaction PhiMn.

wall

Reinforcement Provided Checks (for entire wall
Horizontal Reinforcement

Hwall —38.4
S,

B ATSHoriz1 *= Num faces *

wallhoriz

Barsy,,;,=round (Bars,.;,;) =38

A .
A’Sprovh = BarsHorz'z ° si;orzz. =7.461 ’I:’n,2
As _
Th’oprovh = provh =1.799.10 !
12. Hwall *tuall
rho,,;np = -002
.2
Asminh = T'hommh d Hwall d twall =6.912 in

Inside Face Vertical Reinforcement

L
Barsyein =

wall -15
S

Barsyeyin =round (Barsyepmy) = 15

.2
ASPTOUint =B aTSyertnt * Asinside =6.627 1n

ASprovint__ _ 2.557.10 "

rho - -
Lwall ¢ twall +12

provint =

Al10.14

Note: The program takes into account
compression reinforcement as well, so the
program reported value is a little larger
(44.029).

The total number of horizontal bars in the wall.

As provided (H)

Rho Provided (H)

Rho min (H)

As min (H)

The total number of interior vertical bars in the wall.

Int As Provided (V)

Int rho Provided (V)



Outside Face Vertical Reinforcement

L, ;12
Barsye.ip. = % =180
Barsyg,igy :=round (BarsVe,,t Ewtl) =180 The total number of exterior
vertical bars in the wall.
ASproveat = Barsyeripgt * Asoutsidze = 35-343 in® Ext As Provided (V)
As
7O ovent = __Pprovert 0,001 Ext rho Provided (V)
Lwall ¢ twall +12
Total Vertical Reinforcement
Tho,,;p, = -0015 rho min (V)
Agins=ThO, i * Luyair* 12+ tyan = 38.88 in” As min (V)
Shear Design
Concrete check:
H, .,—d H —d ;
Vwalldsl = LFlwall ° wall cant + LF3wall ° |{ water cant\| + LF2 =5.91 knp
wall water ft
( 2 2
Vv o P4 _P3 | <Hwater - dcant> | P7 <Htoesoil - dcant> —0.833 klp
wallds2 *— *1 Ve =V. —_—
2 \ H water } 2 H toesoil f 15

For the concrete check we are using the shear force at a distance d from the base.

ki 2
Vwallds = Voallds1 T VwalldsQ =6.743 f_tp fc .= 4000 - lbf4
ki mn
1
Vwalldf = HLFactor ° Vwallds =10.788 f_f ¢v =0.75

V,=2\/f,-d,,=(2.2958.10") l}’_{
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PhiVie, =, V.= (1.7219+10") l;’_f

V.
ShearConcy,eraction = ——-""_—0.627

PhiVe

wall

Steel Check (shear friction)

In this example the wall is not poured monolithically with the footing.
All code references are per the ACI 318-11.

ki
Vwallbases = LFlwall + LF2 + LF3wall + LF4wall - LFSwall =7.353 f—f

ki
Vwallbasef = HLFactor ¢ Vwallbases =11.765 f_f

mn
(Asinside +Asoutside> <12 .2 Here we are using the As of the wall
A= ft —0.957 ™" reinforcing, as the dowels from the
S ft foundation match the wall r/f.

Jy=60 ksi

Heone :=0.6 This assumes that the surface of the footing where
the wall is poured is not intentionally roughened.

1

m

Voi=Ayp oy Beone=113.056 — - kip Equation 11-25

Per Section 11.6.6 fy must be taken <= 60 Ksi.

¢ m

18 in Ly =12+

wall = wal

It per foot distance

. 2
Ac:: twall * lwall: 216 Zth fc =4 kst

The equations below are based on section 11.6.5. Note that the provisions are different in the
ACI 318-02 and ACI 318-05 and come from section 11.7.5.
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V,,:=02-f,-A,=172.8 XP
ft

V,i= (480 psi+0.08- ) - A, =172.8 kip V,.i=0.2-f,-A,=172.8 k}ﬂ
t
. kip . kip
V,3:=1600-psi+ A, =345.6 F_ V,5:=800.psi-A.=172.8 F_

Vnrough =min <Vn » ¥V nl» Vn2 ’ Vn3> Vnsmooth =min <Vn 'V nd>» Vn5> =34.459 _p
Vwallbase f
SteelConcy,teraction = —————=0.455
¢v ° Vnsmooth

Designing the Footing

Soil Pressure Calculation (for Footing Design)

MOTS::HLFactor' <H1'LFl+H2‘LF2+H3'LF3+H4‘LF4>:95.467 kn‘z;t.ft
Mps1:=DLpyeior* (W1 Dy +wy» Dy +ws+ Dy +wy» Dy +ws » Dy +wg - D)

M s :=LLpactor* Qtotar* Do+ HLpgetor * LE 5« Hy

Mpg:=Mpg1 +Mpg,=172.625 kz?;ft

ka
RS ::DLFaCtO’I’ ‘ <w1 twy;+twst+w,+ws+ w6> + LLFactor * Qtotal = 25.466 f_tp

Mpg—M

Rg

L
Jool —1.75 ft
6

LbasesoilS =3 Trs= 9.09 ft
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L
Gmazs = if €15< fgﬁ =5.603 ksf

I' Ry 6-(Rg-eyq)
s g 2 e

ii Lf oot L foot

else

-
I 3+ (Loot—2-€15)

Qmins = if €16<

Lfoot

H Rg _6‘<Rs‘615>
ii LfOOt Lfoot2
else

HO-k:sf

qrmaxs = 5.603 psf

A10.18
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Design of the Heel (Shear)

covery,,=2 in

#4@16"oc

/[ 4 #6@8"0c dy1op=0.75 in

| = ~ = dblong:O‘5 /l/n
= 4’:> =t
1-358" 3
Siong= 16 tn
A a _3“ 2
v [ Agop=0.442 in
1 1
Agiong=0.393 in”
Heel Section
d =t dbtop _ .
heel = toot — COVET 1, — 5 15.625 n

O
%. N Because the footing will tend to shear off as

s et shown here, the shear check should occur at

S the face of wall.

P e
R e T R
PR
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kip
q =4.4 —
totalf ft
- .
5 w wgy=7.59 P
ft
' wey=4.95 P
ft
T
¥ G
wd
@ w
wd —— oi = o
& B < o a 5 4 4 :
a W2 , . -«
B ik, .4 .
i

'..ws _J = '_"|

masheel3 = 2521 psf

ki
Vuheell = w5f + w6f + qtotalf + DLFactor *Yeonc® tfoot * Lheel =18.425 Ttp_

LsoilheelS = LbasesoilS - Ltoe - twall =4.09 ft

L ge—Ly . —1
Uomasheels = Dmass * < basesoilS toe wall> —92.521 ks f

L basesoilS

1 ki
Vuheel2 = 5 ° LsoilheelS * QmazheelS = 5.155 _tp

ki
Vuheel = Vuheell - Vuheel2 =13.27 f_tp

Vuheell is the total downward shear force on the heel. Vuheel2 is the total upward shear force on
the heel. Because the net force is downward, the location of the shearing is confirmed.
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bf’

. 4
m

f.:=4000-

ki
Voneot =2V [y« dpooy = 23.717 f_f

Ph’ivcheel = ¢v * Vcheel =17.788 k‘;—f

V.
Shearheel e aetion = ——2_=0.746
P hchheel

Design of the Heel (Moment)

L in-.
heel ! —43.642 KTt f.i=4-ksi
t

Muheel = Vuheell ¢ - Vuheel2 ¢ E ° LsoilheelS

12-in

o ° Astop ¢ fy
tOp . stop m
Qo] i= =0.975 in A = =0.442 —
hel T 0.85-12 - in- f, P gt ;
12-1n ( aheel\ kip-ft The reinforcement spacing
M peer:= S 'Astopl fy * 'theel - 1=50.157 i is at 8" oc, so the moment
top capacity is normalized to
be per foot.
¢wall =0.9
. kip- ft
PhiMny o= Pyan * M yppeer = 45.142 p-f
M,
Bendheel e raction = ——_=0.967
Ph'LMnheel
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Design of the Toe (Shear)

*4@16"0C
A#@suw
] I £ 4l
i Av o
1'-25? -£>
s o
v
Toe Section I
A s
pr ks a0 S
e e -'.J
e
T &
RO
"4‘ "-_‘-' "n :l 2 “- I “‘_‘_' - 5 ' _‘ o
iz - s ’ =2 L1 4 Fod a e :
Qd g ,‘.-_ ..'_". : _? els 'o‘.ﬂl‘_ A;I:&:'?d
i e A . 3 s
S R Y B o T BN
¢ A - 40" ‘,“. SR o | i . 5
S
& -74!'.‘ . I

A10.22

covery,; =3 in

dbbot = 0.75 Zn
dblong = 0.5 Zn

Spot =8 in

Siong= 16 tn

Ay =0.442 in’

A, =0.393 in’

slong

dtoe =1 foot — COVET ot —

dbbot

=14.625 in

Because the footing will tend to shear off
as shown above, the shear check should
occur at a distance d from the face of

wall.



8 w5 al

~H

’ f | El_%u — gL

wd

gtoedS = 4197 pef
gmaxS =5603 psf

) _

(L basesoilS — L toe T dtoe> * mazs

Qtoeds *= =4.197 ksf
Lba,sesoilS
( 1 ) ki
VutonT = <Ltoe - dtoe) *1Gtoeds T —* (qmawS — qtoedS) 1=11.179 _p
\ 2 ) ft
( Lyy.—d, \ k1
Vutoer = <w4f+ DLgactor* Yeone* tfoot ° Ltoe> °| o o [=1.24 Kp
\ Ltoe } ft
2
f.:=4000- lbf4
mn
kip kip
Vutoe = VutonT — VutoeR = 9.933 F Vctoe =2 \' fc ¢ dtoe =22.199 —
; kip
PhiV .=y Voo =16.649 2
ft
%
Sheartoel nteraction "= & =0.597
Ph’ZVctoe
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Design of the Toe (Moment)

<Lbasesoil5 - Ltoe> * QmaxS

qtoefaceS = =3.446 k?Sf
LbasesoilS
M =
5 ) _a g » 4_ 4
:_3‘-6"_' ot '1 LI
/]
max$S =560 _J
( L, Vo1 (2 \
M utoeOS *= Ltoe QtoefaceS * |\ 208_) + 5 L toe * <qmawS - qtoefaceS) * '\g L toe}'
M, 05=29.916 P It
ft
toe ki
VutoeRbend = VutoeR = 1.911 — P
toe — Ytoe

L oe ) .
MutoeR V. utoeRbend * I( : \|: 3.344 k'l/‘];tft

M

utoe *—

M

(2

kip- ft )
tonS_MutoeR:26‘571 ?tf fc =4 kst
. A bot 2
12-in wot* Ao =——>=0. 442 M
Shot 1-ft ft

= =0.975 in
0.85-12-in-f,

Qioe

12-in ( kip- ft
sbot1 'fy °l dtoe 46.844 p f ¢wall =0.9

: i)
Shot \ } f t
kzp Jt

M

ntoe '

=42.16

PhiM’n/toe = qs

wall * *Yntoe

M
B endtoe[ nteraction ‘= e =0.63

PhiMn,,,
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