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Retaining Wall Design Example

Design a reinforced concrete retaining wall for the

following conditions. surcharge = g, = 400°
f'c = 3000 psi PO
_ . o=
G 90.kul Unit wt = 100 pef
Hr=18ft

| -
=y
I B ——

Wie lasm  Whast

Natural Soil: ¢ = 32°
allowable bearing pressure = 5000psf

Development of Structural Design Equations. In this example, the structural design of the
three retaining wall components is performed by hand. Two equations are developed in this
section for determining the thickness & reinforcement required to resist the bending moment
in the retaining wall components (stem, toe and heel).

Equation to calculate effective depth, d: Three basic equations will be used to develop an

equation for d.
M, =g,

Mn . A:fy[d_%]

M, =M.f_,[n’-§J (Eqn1]

C=T, 085f.ab=A,f,

4,=085eap  [(Em2]

5y
i ibiling: 0003 _€,40003 @ _ 0003,
S aiﬂf("ﬂpﬂf Ly _a‘fﬁi = 7 5 d'£'+o‘m3 ]
Assuming f; = 0.85,
[ a/d
0.005 0.319
0.00785 0.235
0.010 0.196

and choosing a value for & in about the middle of the practical design range,

§= 0235, a=0235d |[Egn3)
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Retaining Wall Design Example

Substituting Eqn. 2 into Eqn. I:
M, = @{u.ssﬁab}/ [d —5]
5PN

And substituting Eqn. 3 into the above:

M, =0 u.asif-o.zJSaraf,{d SSitded ]
5 g 2

e —
0.883d

Inserting the material properties: f'c =3 ksi and fy =60 ksi, andb= 12" (1-foot-wide

strip of wall, in the direction out of the paper).

M, = 0.90(0.85)35 (12'")(0.235)(0.883)d*

from Egn. 1:

M, =¢A, f,0.883d=0904, 60™ 0.883d

Design Procedure (after Phil Ferguson, Univ. Texas)

2. Estimate thickness of base. t;=7% to 10% Hr (12" minimum)

Tr=0.07 (18'x 12"") = 15.1"

]

9

M, =571nd?

Equation for area of reinforcement, A;. The area of reinforcement required is calculated

M,=417" 4, d

1. Determine Hy. Usually, the top-of-wall elevation is determined by the client. The

bottom-of-wall elevation is determined by foundation conditions. Hr = 18 feet.

use tr=16"




Retaining Wall Design Example

3. Design stem (tem, ASqem). The stem is a vertical cantilever beam, acted on by the

horizontal earth pressure.

— -

|
h=8"-16"12™"
h=16.67"

== =1

Wioe tusm  Whasi

cale. d:
Py :%(}:J}:)h (1" out of page)

_ l=sing _ 1-sin(327)

- =031
I+sing 1+sin(327)

Pu ='5(0.3.1)(1m:opcnu6,61”‘)2 () =4310%

P h (1) =0.31(400ps/)(16.677)(17") = 2070"

sur

=k

a qmr

: h
M, = (Earth Pressure LoadFactor)(Pg )( %) + (Live LoadFacton)(P,,, )(E)

fi f
M, =(1.6)(4310" )(1—"3%) +(1.6)(2070" )(i‘:?—) =65.9%/

k
M, =571 d*

; L3
659*"“(12%) =571nd? d=118"
(4

tem =11.8" +2" cover + %(l.ﬂ"" )=14.3", (assume #8 bars)

d=15"-2"-p5" =12.5"

\
K
|

\.
Y,

3\
A\
\

<_..\

E Y

A\

‘-.u\k.'rh

A\

SRR, ¥

g N N O O O

b S

=

a Qs

shem

use by = 15"



Retaining Wall Design Example

calc. A
M,=477% 4 d

65,9"‘1'*(12?):473*",4, (125™), 4, =1.33in*
(]

A, of one#8bar =0.79in>

0'?92'; in in
—-——L,’-lzﬁff.l}b—, use #8 @ 6in
in~ ar st < b ol

133 —
St of wall

4. Choose Heel Width, wy.; Select Wi to prevent sliding. Use a key to force sliding

failure to occur in the soil (soil-to-soil has higher friction angle than soil-to-concrete).
12°

Neglect soil resistance in front of the N H

ol R

wall, ‘ i L
: f ‘ \
set Fress = Fbding 18 . \
[ | < \\
FS =Factor of Safety =1.5 for slidi \
or 0. afety ors.l ing B | .\
Fr.4q = (Vertical Force ) coefficient of friction) | \
F““'il == WT (lm¢mumimﬂ) — i%“\\
m¢na’ﬂw}mﬂ" 2 ta.n(32") =0.62 - ]_‘H ] I —
Wr =Wy +Woem + W oimi 15"

W gy = (100pef )(16.677 ) (W0 J(1/) = 1570% Wil

122 ¢15™

W iem = (150pcf )(16.677)( ~

fi
1—.(|f')=2sm"‘
lzm)
16 15 70 :
W fums = (150PG N5 ) Wit + 35 fi37)(17) = 200plf iy +850

F}I’.Hi'ng = Pﬂf * 'P.nrr
Pa =%(0‘32xlﬂﬂpcf)(lsﬂ)z{lﬁ)=5020”’

P, =(0.31x400ps/)(18/) (1) = 2230"
Ftuting = 5020 +2230" =7250"




Retaining Wall Design Example

16702 Wy +2810% +2uoﬁw,,m, +850" |(0.62)
7250 <t S

1.5
7250”’511‘% =3660" + lsm}—bww, Whe = 7427,
.0L (4

use Wy =1.5"

5. Check Overturning. -
-
18" 18"
M pper = Ppy (-3—)"' P,.,,(T) |_
M, =5.025 (67)+2.23%(9/) = 502"/ 18"
et T 4
M, ia =Wﬁ,(-2—+§ﬁ+3 ), assume w,, =3
a,12s5% _ =16
e 3" +—5) L= e

11.75" 3 45
+W i (—2—)

M, . =(16 74 % ?.Sﬁ)(Sf'] +(2,81'*)(3.625-'?)+{0.20h" x7.5" +0.85k)(5,8?5ﬁ)
st

12.53 2.35%
Mg =124251
_ k=1t
Mg 12427, 475 20=Fs,,,, 0K

over?

Mo 50257

6. Check Bearing.

Wy M L
o, at end of toe = —-+——, equationisvalidonlyif e<—

6
Wr =W +Woem + W funa

Wy =12.45F +2.81* +2.35° =17.69"

7.5" 25k
M=M,, ~Wy/(5875" -%n W, (15" +%—5,s?sﬂ)+w,m (0)

M =502 —12.53%(2.125/) + 2.81% (2.25") = 29.9%/

Check thate <L/6:
k=t 7
i B g B I iR e R
Wr  17.69* 6 6 6

7.5
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Retaining Wall Design Example

17.69* 29,95/
(/.75 %(l‘r’](ll.'fsf’):

=280" < 5.0% =allowable bearing capacity, OK

v

7. Heel Design.
Max. load on heel is due to the weight of heel + fill + surcharge as the wall tries to tip over.

Flexure:
W=W,.,+ Wﬁ’f +W,,

W= 1.2(150;;.:;)(% M W,

+12(100pcf )(16.677)(1") —
M.
+1.6(400plf)
W =288
wl 288157y
2 2

16"

M, =81.05f

M, = 5.71_"—' d*
m

810712y = 5711542, 4=13.0" for flexure
S in

Shear:
vV, =w,(7.5")=288"(7.5")=21.6

oV, =(0.75)2{f. b, d = (0.75)2,/3000psi (12")d

setV, =gV.,  21,600” =(0.75)2,/3000psi (12")d, d=21.9" forshear, controls
Shear controls the thickness of the heel.

bt =21.97 427 cover+é in=244" (assume #8bar), uset,, =21.5"
Reinforcement in heel:

M,=41.1%4,d

81.0”(12"?”) =47.7% 4,(219™), 4, =1.07in°
(§

, 3
m
" bar 13 g .
— (12—)=8.83", use #8 @8
YL
fi



Retaining Wall Design Example

8. Toe Design.

Earth Pressure at Tip of Toe:
W,
a,= b_ + M"
- bL'
6
=1.2(W T Worem + Wfamd] +L6(W,,.)

= k kf f 5 ok
M‘ _l %(i%,f:-ﬁfrg’ :3 3?&;] %(,04 }Hﬁ W11Yy=132.7", (did nutrecaic S%urdauon\\ghc negllblcchange)

M, =1.6(50257)—12[12.53* 2.125") + 2. sx*(:f’)] 45,04

32.7% . 45.0Ff
175" £(M11757Y

o, = 2187 + 1967 =474%
278" - 1.96¥ =082%

a’v
ksf
o, =0.82% + ﬂ‘-‘%—(& 757y =3.74% W

d for flexure:

M, =(3.74% )(3f')uf')( il {100*’f)(3f' aﬁ)( My=19.8"F

M, =5.?1_i d*
m

19812 =5 71X a2, a=65" for flexure
S in
d for shear:

AssSume tpee) = tioe = 21.5"
Critical section for shear occurs at "d" from face of stem, d = 21.5" — 3"cover-1/2"=18"

4,745 -082 ik

e, =082%+ (75ﬁ+ ﬂ)=4.24“f

eritical vse tiom

v, =%(4,?4"'f +4.245)37 —:—fﬁmﬁ) =6.74*

oV, =(.75)2,3000psi (12")(18")=17,750" > ¥,, OK, d for flexure controls
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Retaining Wall Design Example

Reinforcement in toe:
M,=417% 4.d

19.8*‘”(12%’}: 47.7% 4,(18"), 4, =0.28in

s 2
079" _
—bar (12™) = 33", ury smaller bars, say #4
028
.4
n‘zoi”— "
— oar bl in
o uzﬂ) 8.6
0282
Jt

use #4 @8"
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Example: Gravity retaining wall

Check the proposed design of the mass concrete retaining wall shown in Figure 4-5. The
wall is to be cast into the foundation soil to a depth of 1.0m and will retain granular fill to
a height of 4m as shown. Take the unit weight of concrete as y. = 24 kN/m® (EN1991-1-1
Table A.1) and ignore any passive resistance from the soil in front of the wall such that

any over-dig can be safely ignored

Check the overturning (EQU) and sliding (GEQ) (using Design Approach 1) limit states.

Surcharge, q = 20 kPa

< UL

Retained fill:
@ 40m C=0i¢=32°
0} ’ v =18 kN/m’
20m
By
©)
1.0 m Foundation soil:
4 ¢'=0;¢' =28
"‘_Mm s ¥=20 kN/m’
(a) Retaining wall
(EQU)
Solution:
EQU Limit state:

From Annex A, we obtain the partial factors:

Yaiest = 1.1; Yo s = 0.9; ya = 1.5; . = 1.25.

Kgxyxh K, xq
=031x18x4 =0.31x20
=22.4kPa =6.2kPa

037x18x4

—
=26.7 kPa 24 kP
--‘-. a

T 34.1 kPa

(b) Earth pressure diagram

First, we determine the design material properties and the design actions:

(i) Design material properties:

Retained fill:

$,= tan"[m] = tan™ ( 22 ] =26.6°
Yo

1.25

Yy




Eurocode 7 states that for concrete walls cast into the soil, & should be taken as equal to
the design value of ¢, i.e. %. =1. From Figure 4-4, the horizontal component of K, =
d

0.31.

Foundation soil:

¢',=tan™ 0P | {2028 030
Vs 1.25

(ii) Design actions

The self-weight of the wall is a permanent, favourable action. Consider the wall as
comprising three areas as indicated in Figure 4-5(a). The design weight of each area is
determined:

Area 1: Gy = KX 0.8X3XY o XV =1.2%24%0.9 = 25.9kN
Area 2: Gypy =18X3X7 0 X Vo = 54x24x09 = 116.6 kN
Area 3: Gusy =2.6X2XY e X Vo =5-2%24x09 = 1123 kN

The thrust from the active earth pressure behind the wall is a permanent, unfavourable
action.

Paa (fil) = ¥x22.4x4xy,,, =49.3 kN
P.q (foundation soil) = J4x (26.7 +34.1)x1.0x y ,, =33.4 kN

The lateral thrust from the surcharge is a variable, unfavourable action:

Pqa (fill) = 6.2x4xy, =37.2 kN
Pqa (foundation soil) = 7.4x1.0x 7, =11.1 kN

(iii) Design effect of actions and design resistance

The effect of the actions is to cause the overturning moment about the toe of the wall.
This is resisted by the stabilising moment from the self-weight of the wall.

Xy



Moment

Action Magpnitude of Lever arm (m)
Action (kN) (kNm)
Stabilising:
Area 1 259 % x0.8=0.53 13.7
1.
Area 2 116.6 D.8+Ts= 1.7 198.2
Area 3 112.3 ? =13 146.0
Total: 357.9
Destabilising:
P, (fill) 49.3 1+ % =233 115.0
1.0(2x26.7 + 34.1)
P i il 33.4 — =048 16.0
s (foundation soil) 3(26‘? = 3_“) 6
4
Py (fill) 37.2 I,O+; =3.0 111.6
; y 1.0
Pg (foundation soil) 11.1 5 =05 5.6
Total: 248.2

From the results it is seen that the EQU limit state is satisfied since the sum of the
design destabilising actions and effects (248.2 kNm) is less than the sum of the design
stabilising actions and effects (357.9 kNm).

This result may be presented by the over-design factor, I':

s

57.
48.

K=

Ir= =1.44

L]
(]

£




GEO Limit state:

For Design Approach 1 we must check both partial factor sets combinations.

1. Combination 1 (partial factor sets A1 + M1 + R1)

From Annex A: yg, untav = 1.35; y6.av = 1.0, yo = 1.5, v, = 1.0.
(i) Design material properties:
Retained fill:

P, = tan"(m%f] = I:an"(m}nfgz] =320

From Figure 4-4, the horizontal component of K, = 0.25.
Foundation soil:

9'q = ¢'=28°

the horizontal component of K, = 0.30.

(ii) Design actions:

The design weight of each area of the wall is determined as before, this time taking yg, fav

=1.0.

Area 1: Gy, =1.2x24x1.0
Area 2: Gy, =35.4x24x1.0
Area 3: G,:d =52x24x1.0

Total, Ry

28.8 kN
129.6 kN

124.8 kN
1 283.2kN

The thrust from the active earth pressure is a permanent, unfavourable action.

Paa (fill) = 4% 0.25x18x 4 x5, = 48.6 kN

ps (fillfoundation interface) = 0.30x18x4 = 21.6 kPa

pa (base) =21.6 +0.30x20x1.0 = 27.6 kPa

Pa.4 (foundation soil) = %4 x (1.6 +27.6)x 1.0x ¥ .. = 33

2 kN

The lateral thrust from the surcharge is a variable, unfavourable action.

Pqa (fill) = 20 0.25x4xy9 =30.0 kN
Pq. (foundation soil) = 20x0.30x1.0xy, = 9.0 kN




(iii) Design effect of actions and design resistance:

The effect of the actions is to cause forward sliding of the wall. This is resisted by the
friction on the underside of the wall.

Total horizontal thrust, Ry.s = 48.6 + 33.2 + 30.0 + 9.0 = 120.8 kN
Design resistance = Ry, tand = 283.2 x tan 28° = 150.6 kN (since 8 = ¢)

Thus the GEO limit state requirement is satisfied and the over-design factor,
150.6

T=
120.8

=1.25.

2. Combination 2 (partial factor sets A2 + M2 + R1

The partial factors are: yg, fav = 1.0; Y6, untav = 1.0; ya = 1.3; v = 1.25. The calculations are
the same as for Combination 1 except that this time these partial factors are used.

Ka (fill) = 0.31
K, (foundation soil) = 0.37

Rv:d =283.2 kN
Rng=44.9+304+325+9.7=117.5kN
Ry tand = 283.2 x tan 23° = 120.2 kN

120.2

Thus the GEO limit state is satisfied and the over-design factor, ' = 175 =1.03.

Overview
The GEO limit state is satisfied for both combinations and thus the proposed design of

the wall is satisfactory. The lower value of ' obtained (in this case 1.03) governs the
design.
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