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Lateral Earth Pressure
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Retaining wall
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Lateral Earth Pressure depend on:

Sle (ilall (oY) s aaiay
e The unit weight of the soil (natural soil or backfill)
() ) el 45 ) & il Bas g ()
* The type and amount of wall movement

Dl S ja lasas g s

* The shear strength parameters of the retained soil, interlocking (friction,
resistance, cohesion).

(el ¢ Ak glid) ¢ AKEaY)) AL ¢ 8 Jadal) Ay il yalll 3 8 Cilalas
* The shear strength parameters of the foundation soil
b A gl adll 5 g Cilala
* The drainage conditions in the backfill.
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IThree type of lateral earth pressure:

* At-rest earth pressure( oSl Al)
* Active earth pressure( 4ulayy) Alls)
* Passive earth pressure ( 4ulull 4lla)

Height = H

bl Jardal) Jalea alag) J G938 2

"T_ : -_: ay (at-rest)

<L~d\(buﬂﬁngakaszaiﬁUmfﬁya

L4

5 Al Jsl

+ AH - AH
\ . , o ,
Illl € U jy (active) "‘_f"_ Ty (passive)
\ || Soil -/ Soil
\ | | failure fJ failure
- wedge 1 wedge
. A
- . |r
Height=H || Height=H | ||
. L
- I




1Casel :

* The wall may be restrained from moving. The lateral earth pressure

on the wall at any depth is called the at-rest earth pressure.

* The system is very strong, the deformation is very small

Normally Consolidated Soil

R [ ' 558 ) J s
K,=1 —sin ¢ -

/ Height = H -

ARl i) 4y g1 5

€ Oy (at-rest)

K, = (1 — sin ¢')OCR™® oyer-Consolidated Soil




Lateral Earth Pressure at Rest S A J aqls
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(JCase2:

* The wall may tilt away from the soil that is retained with sufficient wall tilt,
a triangular soil wedge behind the wall will fail.

* The lateral pressure for this condition is referred to as active earth pressure.

il J dalan ooy a5 4 5l e o laadl & ey

+ AH
\ . , '
11 "7 T h (active)
\ 1] - Soil
V|| failure

| | wedge

Height = H




o K, = tan*(45 — ¢'/2)

— Initially (K, state) /
— Failure (Active state)

ARl iy 4y g1 5
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(JCase 3:

The wall may be pushed into the soil that is retained with sufficient
wall movement, a soil wedge will fail. The lateral pressure for this
condition is referred to as passive earth pressure.

oY e

”"‘r_f_ U-;: (passive)

] Soil
I failure
1 wedge
e
Height=H | ||

L
1,
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passive

Active
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Active Failure at K,

Active Failure

(45+#2)

(at rest)
from backfill € @—% backfill
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3
(small o)
x Ko< Ko< K,
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How much the movement of wall in active condition:

For granular soil backfills: Ax= 0.001H to 0.004H

For cohesive soil backfills: Ax=0.01H to 0.04H
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Refer to Figure 12.3a. Given: H = 12 ft, ¢ = 0, y = 108 Ib/ft’, ¢’ = 0, and ¢’ = 30°.
Determine thefat-rest lateral earth forcg/per foot length of the wall. Also, find the
location of the resultantJUse Eq. (12.4) and OCR = 2.

¢’
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OCR = 2 ¢Sy 4 A £ o aai oy ol Uia g Jalaall a1 Y1 5 ghadld

K, ~ 1 — sin ¢’ Or  K,=(1 — sind’)OCR"

/

OCR = 2 eUsral) Aell sy 4sliiia) o5 Al
(1 —sin 30 % 25130 = 0,707

a5y Jadd Ui g Ak JS 2ic 8BY) 9 (o2 galall dlgal) alayl 1 40U 3 ghadll
s Jew Jlses 5o Gl 2aal g daika




o, =y *H =12%108 = 1296

o, =12 %108 % 0.707 = 916.272

\

k

0

N

1
P, = Area = > * 12 12 %108 * 0.707 = 5497.63



location =

axisodl Awsidll paud) droualKil aial

5497.63 * 4

5497.63

12
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H
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Use Eq. (12.3), Figure P12.2, and the following values to determine the at-rest lat-
eral earth force per unit length of the wall. Also find the location of the resultant.
H=5mH =2mH,=3m, y=155kN/m’, y, = 18.5 kN/m’, ¢’ = 34°,
¢’ =0, g = 20 kN/m*, and OCR = 1.

LIl

— NERREY. g

SR pente e e R4

- H] P, S e > .00 ¢'] — &JY‘ Meh
Groundwalter
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H c3 — 4l 484
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K, =1 — sin ¢’ Or K, = (1 — sin ¢') OCR*"#’

7 =] -t O L 5Y A gl 50 e cuilia) ]
K, =(1-sin34°) AL
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q
'

pP.o=20x0441+15.5x0.441x0 . 7=0
=8.816 kN/m”

sla a2 ¥
The pore water pressure is zero at a depth » = (). —

u. =0



20x0.441+15.5x0.441x2 -~ Z
22.487 kN/m”
CUall 4y ady Laila Und a5y bt V| il JS 8 4z alaiiall Jeall

|
N

p.
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p..s =20x0.4414+15.5x0.441x2+(18.5-9.81)x0.441x3

=33.984 kN/m’ \
YSat
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29 43— u ( kN/mi' )
»- slaall 392 9 0 LalAll iaidll
5 Geadl (Al 2 (as (e olall lay s

2m

9.81 3 =29.43
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Pressure Prism | Force Are a Location of force from base | Moment of force
(kN/m) (m) (kN-m/m)
P, =8816x2 :,,,:5—§x2 M, =17.63x4.00
(1)
=]17.63 =4.00 =T70.52
P, =4+x13.671x2 | z, =5-4x2 M ,, =13.67x3.67
(2)
=13.67 \ =3.67 =50.17

\

22.49 — 8.82 = 13.67

Gl

A

. Q U9
3. 82

22.49

33. 98—

p (kN/m')
>

2 m=}==-

[ SRR ——

S L) JS&l Ciatia (pe o gal



Pressure Prism | Force Location of force from base | Moment of force
Pm =22487x3 Z ={.5%3 Mm =67.46x1.50
(3)
=67.46 =150 =101.19
R,,=§x11.497x3 :m—%x3 Mm=l7.25x|.00
(4)
=17.25 =1.00 =17.25
R5,=§x29.43x3 z.<,=§x3 M',,=44.15><l.00
(9)
=44.15 =1.00 =44.15
Total =160.16 = 283.28

Therefore, the resultant active thrust is

160.16 kN/m| -

w
)
<
o0

A

4
i)
..f_,
oo
'

)

p (kN/m’)
>

P —

2m=p===-

Jm

L8]
-«

!
33.98 — 22.49 =11.49



Therefore, the location of this thrust is L] 77 ml-
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(JExample : For the retaining wall , determine the lateral earth force at rest
per unit length of the wall.

also determine the location of the resultant force. Assume OCR =1.

y =16.5 kN/m’
" pho-g M
& Ground
W _water table — sliall 2 g Al

]

Yeur = 19.3 KN/m° ) )
é' =30° — 4l Ak
gii={)




3l g oasdad ael 4 il due g anaad o ol L g Jaleall 2a 2 2 Y0 3 ghadldl

K, =1 — sin ¢’ Or K, = (1 — sin ¢') OCR*"?
K.=1-—sind'=1—sin30°=0.5 Lian Y )l e i)
e d T

Aida S aic A8 g (53 galad) dlgal) slay) 1 AL 3 ghadll

Atz=0,0, =0:0, =0



Atz=25m 0 = (16.5)(2.5) = 41.25 kN/m*;
7~ / \
ST R

=O'v

o, = K0! = (0.5)(41.25) = 20.63 kN/m?

axisodl Awsidll paud) droualKil aial




Atz=5m,0/ = (16.5)2.5) + (19.3 — 9.81)2.5 = 64.98 kN/m?;

7 [\

BV oLl e il 30 AR g
oL Lo 3610 o2a

K o' = (0.5)(64.98) = 32.49 kN/m°

/

9 L2130 (Y AL ZE J el i
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y =16.5 kN/m’ 05505 Al Liled daaiin Liayl JS50 obaall 05 g (et Y
':300 v+ . o N WA o 1 X

igm 2 Ll 3 Gandl o)) LS oY Gl U85 e

£ Ground

TR u=19,(25) = (981)(2.5) = 24.53 KN/m”.
Year=19.3 KN/m’
25 m b’ =30°
gh=i)

e~

24 .53
kN/m?
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L@Aﬂf}b}ﬂ\@@h}@mtﬁw\wjmm‘s‘ghﬂ‘

oY) Akl 8 ala

_____ 20.63 kKN/m?>
\ WP

U,

32.49 kKN/m? @ 24.53

uu‘ Sl gl ol / kN/m?
Glie 84 e 5% (b)




= Areal + Area2 + Areca3 + Area4

= 5(2.5)(20.63) + (2.5)(20.63) + (_ 5)(32.49 — 20.63)

r\>|-—

+ 2(2.5)(24.53) = 122.85 kN/m

) Lgadh 13) | Cliall J 2 gall apaas 2ic
————— 20.63 kN/m? YL\ I ‘_,,_\L L Q pan 3 )M\ ‘\-1 j\jj\

| - . ) L. P "
® i MM\MQQM@M‘;\(M | g
| -
b |
4—0'/1 —[—> -0,
s | BN g
32.49 kN/m 24.53

20.63 kN/m?

(b)
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The location of the center of pressure measured from the bottom of the wall (point O) =

2.5 2.5 D
(Area 1)(2.5 = T) + (Area 2)(7) + (Area 3 + Area 4)<T>

29 |

P,

(25.788)(3.33) + (51.575)(1.25) + (14.825 + 30.663)(0.833)
122.85

_ 85.87 + 6447 + 37.89
122.85

= 1.53 m i

QR _uai b_ysraall Ay o) 31 ) Lgadl 13) ) Galidl J i gall apaa 2ie
- Adlisall Ciual (o gaial ao yall gl Jadaianall g ddlial) Al
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Active pressure




ﬂ-{; — U':]KH _ 2{-;**1;“[{{1 Aulaia il 4 ) Al 3

—

K, = tan*(45 — ¢'/2)

Granular soil mean C=0

S g Foaal J (3ee da gy Ad) aycd dad agag
Jualilly 42 pdin
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< O.l:) K, » 2 ‘Ru > o,K, — 2¢'VK, | E

(c)
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Tl dag Lag gl Sigaa J8 La 5 6Rl) lua 3y 53 (1Y)

syH’K, — 2c'HVK, g g
&3&\ LN

| 2c’
—| H YyHK, — 2¢"V KH>
( YV K)(



o, = 0, tan2(45 j) — 2c tan(45 (j’)

Ol il

= 0,K, — 2c'VK,

Granular soil mean C=0



e Case 1 : Vertical back and a Horizontal backfill

28 91,83 Wy 8 18 dald ) ¢ Ll g dald Jglaa Al J<d oY ;#\Jﬁuz\i&\z\éﬂ\g*
il JSy oac ade Jla B Cildaral) (e L) i i 2B g Gl S 7y g A 1) a2
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Refer to Figure 12.6a. Given the height of the retaining wall, H is 18 ft; the backfill
is a saturated clay with ¢ = 0°, ¢ = 500 Ib/ft’.y,,, = 120 Ib/fE,

a. Determine the Rankine active pressure distribution diagram behind the wall.

h. Determine the depth of the tensile crack, z,.

¢. Estimate the Rankine active force per foot length of the wall before and after the
occurrence of the tensile crack.

auiaodl Awaiall pund) dioualK DI aiall




K, = tan’ (45 - %) o = (°,
K, =1
= yHK, — 2c'VK, SEU Y S e
—2 %500 * V1 = —1000 Z=0

1%120*18 —2 %500 *vV1 = 1160 Z =18



—1000 2¢

Ccr

2 %500

— 8.33
120 /1

1160

axisodl Awsidll paud) droualKil aial




Active Force before the Tensile Crack Appeared: Eqg. (12.10)

P, = 3yHK, — 2c'HVK, Before
1
=§*120*182*1—2*500*18*1= 1440
l | e
Pa = f(H o :c)(yHKa = ¢’ Ka) After

1
= 2(18 —8.33)(18 x1 120 — 2 %500 * 1 = 5608.6



Example 12.2

A 6-m-high retaining wall is to support a soil with unit weight y = 17.4 kKN/m’, soil
friction angle ¢’ = 26°, and cohesion ¢’ = 14.36 kKN/m”. Determine the Rankine

active force per unit length of the wall
determine the line of action of the rest

W
N
UL
=z E
a” .aub g
=
, <
AR
1
A
=1
[
=

axisodl Awsidll paud) droualKil aial

hoth before and after the tensile crack occurs, and

Itant 1n both cases.



olall bzl Jalea aai s 35V 5 ghadl

For ¢’ = 26°,
e D ¢\ _ . _
K, = tan“| 45 — wl tan“(45 — 13) = 0.39
VK, = 0.625
26
2

axisodl Awsidll paud) droualKil aial




- . ..‘ ‘ ._um‘a .‘
U{;:yHKa_zclq /Ka e IS 2ie Glalgal) asi z dg 5 gladl

o' = —2c¢'VK, = —2(14.36)(0.625) = —17.95 kN/m’ z =0,

o’ = (17.4)(6)(0.39) — 2(14.36)(0.625)
= 40.72 — 17.95 = 22.77 kN/m?



Active Force before the Tensile Crack Appeared: Eq. (12.10)

P, = 3yHK, — 2c'HV'K,
= 1(6)(40.72) —

&Lﬁ J\J\

5 oL EEHN
= (122.16) ; = (107.7)(2

:~S3~ “

244.32 — 323.1
14.46

5.45 m.

LA

(6)(17.95) = 122.16 — 107.7 = 14.46 kN/m

r
0-0

K, ———>|




Active Force @ he Tensile Crack Appeared: Eq. (12.9)

o 2¢" 2(14.306)
o yVK, (17.4)(0.625)

= 2.64 m

P,=3(H — z)(yHK, — 2¢'VK,) = 5(6 — 2.64)(22.77) = 38.25 kN/m

H

s — 9 O
7= ; = 1.12 m




Assume that the retaining wall shown in Figure 12.7a can yield sufficiently to develop
an active state. Determine the Rankine active force per unit length of the wall and the
location of the resultant line of action.

y= 102 Ib/ft?
¢;=30°
c;=0

Oalaa 35 il JS05 ()3 25 52 4 Ui Sm ) 5 il

_w Water table

Yeu = 121 Ib/ft3

(bé:36° t " 4
=0 Adaga d )88




For the top layer of soil, ¢; = 30°, so

25 Al ALY aes
. <!>i) : I Lual HlS L Leda
K, = tan?(45 — =- | = tan’(45 — 15) = ;
al) dn( 2 A ) 3 Y aal s Jalza
CS g Bas g 4y ) I
J.Ay‘ .S...;‘m

the bottom layer of soil, 5= 36°

36
2

4

KI(:)_) — tan2(45 ) = (.26



Depth, z o o, =K, o, u

(ft) (lb/‘f,tz) K, (Ib/ft?) (Ib/ft?)
0 0 1/3 0 0
10~ (102)(10) = 1020 1/3 340 0
10" 1020 0.26 265.2 0
20 (102)(10) + (121 — 62.4)(10) = 1606  0.26 417.6 (62.4)(10) = 624
A
et b oluidy) Uialnd cplalaa Ll aa gy Adalll) oWy aic
10 ft ;=0
| y w Water table 1020 * O- 33
A =
o Boitoh 1020 + 0.26
10 ft ‘b§=3°°
cy=0
|
it
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———265,'2 340 Ib/ft?
|
|
|
@ | +
O
-
417.6

Ib/ft>

sliall 242 g @ (alAll

/

@

624
Ib/ft>



area 1 + area 2 + area 3 + area 4
$(10)(340) + (265.2)(10) + 5(417.6 — 265.2)(10) + 5(624)(10)
1700 + 2652 + 762 + 3120 = 8234 Ib/ft

10 10

10
(1700)(10 + 7) i (2652)(?) + (762 + 3120)(?)

Z— — 5.93 ft

8234



(JCase 2 : Back inclined and Backfill inclined




the lateral earth pressure (o) at a depth z

~ yzeosaV1 + sin* ¢’ — 2sin¢’ cos

cosa + Vsin’¢' — sin’ a

Ty

[ Sina
where §, = s | —| - a + 20

Sin ¢

Frictionless
wall




The pressure ¢, will be inclined at an angle f8, with the plane

sing’ sins, )

B. = tan"'( —
e | — sing’cosi,

cos(@ — 0)V'1 + sin’d’ — 2sing’ cos ¥,
cosze(cosa + Vsin’¢' — sinza)

= Rankine active earth-pressure coefficient for generalized case

a(R) —




Table 12.7 Variation of K, [Eq. (12.17)]

Ka(R)
¢’ (deg)
" )
(deg) (deg) 28 30 32 34 36 38 40

0 0.361 0.333 0.307 0.283 0.260 0.238 0.217

2 0.363 0.335 0.309 0.285 0.262 0.240 0.220

4 0.368 0.341 0.315 0.291 0.269 0.248 0.228

0 6 0.376 0.350 0.325 0.302 0.280 0.260 0.242
8 0.387 0.362 0.338 0.316 0.295 0.276 0.259

10 0.402 0.377 0.354 0.333 0.314 0.296 0.280

IS 0.450 0.428 0.408 0.390 0.373 0.358 0.345

Jgaall g o gilal) Lal

oald Gale b ALIS Jglaal) bl sl



Table 12.2 Variation of B, [Eq. (12.15)]

Ba
¢’ (deg)
a 6
(deg) (deg) 28 30 32 34 36 38 40
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 3.525 3.981 4.484 5.041 5.661 6.351 7:124
4 6.962 7.848 8.821 0.893 11.075 12.381 13.827
0 6 10.231 11.501 12.884 14.394 16.040 17.837 19.797
8 13.270 14.861 16.579 18.432 20.428 22.575 24.876
10 16.031 17.878 19.850 21.951 24.184 26.547 29.039
15 21.582 23.794 26.091 28.464 30.905 33.402 35.940

Jgaall gl &gl Lal

oald Gale B ALIS Jglaall b alans



The active force P,

P, = ~ vH’K
« = 5 YHK,

The location and direction of the resultant force P,

m ¢ o 1 .  _ [sina
— | | S11
Mla 4 2 2 2 sin ¢’




JCase 3 : Granular Backfill with Vertical Back
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cos a—V cos>a—cos® ¢’

cos @ + Vcos®> a—cos’ b’

K, = cos o

where ¢’ = angle of friction of soil.

If the backfill of a frictionless retaining wall is a gramular soil (¢’ = 0)




Table 12.3 Values of K, [Eq. (12.19)]

I«x(deg)
| 28

0.3610
0.3612
0.3618
0.3627
0.3639
(.3656
0.3676
0.3701
0.3730
0.3764
(.3802

o0 3 O W B Wt — O

—
—_—
vc

29

0.3470
0.3471
(.3476
(.3485
(.3496
0.3512
0.3531
0.3553
0.3580
0.3611
(.3646

30

0.3333
(.3335
0.3339
0.3347
(.3358
(.3372
0.3389
0.3410
(.3435
(.3463
0.3495

31

0.3201
0.3202
0.3207
0.3214
0.3224
0.3237
0.3253
0.3272
0.3294
.3320
(.3350

32

0.3073
0.3074
0.3078
0.3084
0.3094
0.3105
0.3120
0.3138
0.3159
0.3182
0.3210

33

0.2948
(.2949
0.2953
0.2959
0.2967
0.2978
.2992
0.3008
0.3027
.3049
0.3074

¢' (deg) —
34

0.2827
(.2828
0.2832
(.2837
(.2845
(.2855
(.2868
(.2883
(.2900
0.2921
(.2944

35

0.2710
0.2711
0.2714
0.2719
0.2726
(.2736
0.2747
0.2761
0.2778
(.2796
0.2818

oald dale A dlalS Jglaall 8 g8 Al

36

0.2596
0.2597
0.2600
0.2605
0.2611
0.2620
0.2631
(.2644
0.2659
0.2676
0.2696

37

(.2486
(.2487
(.2489
0.249%4
0.2500
0.2508
0.2518
0.2530
0.2544
0.2560
0.2578

38

0.2379
(.2380
0.2382
0.2386
0.2392
0.2399
(.2409
0.2420
(.2432
(.2447
(.2464

Jeaal)

39

0.2275
0.2276
0.2278
(.2282
0.2287
0.2294
0.2303
0.2313
0.2325
(.2338
0.2354

40

0.2174
0.2175
0.2177
0.2181
0.2186
0.2192
0.2200
0.2209
0.2220
0.2233
0.2247

O alal) Lal



At any depth z, the Rankine active pressure may be expressed as

P
O, — ychl

the total force per unit length of the wall 1s

P, = ;yH’K,

auiaodl Awaiall puud) GroualK DI aiall




Rankine Active Pressure with Vertical Wall
Backface and Inclined c’'- ¢’ Soil Backfill

ASulatia Ay Al o & (3 Al (K1 AUl ) s

;

!

2cos* a + 2
COS™ (yz)coqu sin ¢’

cos” ¢’ \/[4cos a(cos’a — cos’ ') + 4(};) cos’dp’ + 8( ¢ )cos a sin ¢’ cos ¢’ ]
\

‘y7

-~

= yzK, = yzK_, cos «

auiaodl Awaiall paud) drosalK I aiaul




Table 12.4

Values of K/,

vz
¢’ (deg) a (deg) 0.025 0.05 0.1 0.5

15 0 0.550 0.512 0.435 —0.179

5 0.566 0:525 0.445 —0.184

10 0.621 0.571 0.477 —0.186

15 0.776 0.683 0.546 —0.196

20 0 0.455 0.420 0.350 —0.210

5 0.465 0.429 0.357 —0.212

10 0.497 0.456 0.377 —0.218

15 0.567 0514 0.417 —0.229

25 0 0.374 0.342 0.278 —.231

5 0.381 0.348 0.283 —0.233

10 0.402 0.366 0.296 —0.239

15 0.443 0.401 0.321 —=0.250

30 0 0.305 0.276 0.218 —0.244

S 0.309 0.280 0.221 —0.246

10 0.323 0.292 0.230 —{.252

15 0.350 0.315 0.246 —0.263

Jeaal)

Calal) Lal
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Example 12.4

Refer to the retaining wall in Figure 12.9. The backfill is granular soil. Given:

Wall: H = 10 ft
0 =+10°
Backfill: = 15°
¢I — 350
=0

y = 110 Ib/f6

Determine the Rankine active force, P,, and its location and direction.



Frictionless
wall




From Table 12.1, fora@ = 15° and 6 = +10°, the value of K, = 0.42.

1 1
Pa — 5 ‘szKa = (E)(l 10)(10)2(0.42) = 2310 1b/ft

Again, from Table 12.2, fora = 15°and 6 = +10°, B, = 30.5°.

The force P, will act at a distance of 10/3 = 3.33 ft



Table 12.1 Variation of K, [Eq. (12.17)]

Ka(R)
¢' (deg)
a 0
(deg) (deg) 28 30 32 34 36 38 40
0 0.409 0.373 0.341 0.311 0.283 0.258 0.235
2 0.427 0.391 0.358 0.328 0.300 0.274 0.250
4 0.448 0.411 0.378 0.348 0.320 0.294 0.271
15 6 0.472 0.435 0.402 0.371 0.344 0.318 0.295
8 0.498 0.461 0.428 0.398 0.371 0.346 0.323
10 0.527 0.490 0.457 0.428 0.400 0.376 0.353
15 0.610 0.574 0.542 0.513 0.487 0.463 0.442

(7 8Y1) Ja gial) 230



Table 12.2 Variation of 8 [Eq. (12.15)]

B
¢’ (deg)
a )
(deg)  (deg) 28 30 32 34 36 38 40

0 15.000 15.000 15.000 15.000 15.000 15.000 15.000
2 17.576 18.001 18.463 18.967 19.522 20.134 20.812
4 19.840 20.631 21.485 22.410 23.417 24.516 25.719

15 6 21.788 22.886 24.060 25321 26.677 28.139 29.716
8 23431 24.778 26.206 27722 29.335 31.052 32.878
10 24.783 26.328 27.950 29.654 33.332 35.310
15 27.032 28.888 30.793 32.747 36.802 38.894

(z.8Y)) Jaw gial) 2408




Example 12.5

For the retaining wall shown in Figure 12.10, H=7.5m, y = 18 kN/m’, ¢’ = 20°,
¢' = 13.5 kN/m* and @ = 10°. Calculate the Rankine active force, P,, per unit length of
the wall and the location of the resultant force after the occurrence of the tensile crack.




o R = p—




2¢" [1 +sin¢”  (2)(13.5) [1 + sin20
Zr = . S - S 2.14 m
Y V1 — sin¢’ 18 1 — sin 20

o' = yzK!cos a = (18)(7.5)(0.377)(cos 10) = 50.1 kN/m’



From Table 12.4, for ¢’ = 20°, ¢’ /yz = 0.1, and a = 10°, the value of K is 0.377, so
atz = 7.5 m,

Table 12.4 Values of K|

’

C

yz
¢’ (deg) a (deg) 0.025 0.05

15 0 0.550 0.512 0.435
5 0.566 0.525 0.445
10 0.621 0.571 0.477

15 0.776 0.683 0.546

0 0455 0420 0350

0.465 0.429 §
ol

15 0.567 0.514 0.417



1
P, = (5)(50.1)(7.5 — 2.14) = 134.3 kN/m

5= 2.
2—75 3 14— 1.79 m







Refer to Figure 12.10. For the retaining wall, H =8 m, ¢ = 36°, a = 10°,

vy = 17 kN/m?, and ¢’ = 0.

a. Determine the intensity of the Rankine active force at 7 = 2 m, 4 m, and 6 m.

b. Determine the Rankine active force per meter length of the wall and also the
location and direction of the resultant.




Jeaadl JOA e Jalzall 4 ani

¢’ as 36°, @ as 0°and ¢ as 10°the value of K as 0.270
~

Virtical
Table 12.7 Variation of K, [Eq. (12.17)]
K.m)
a ] ¢’ (deg)
(deg) (deg) 28 30 32 34 36 38 40
0 0.380 0.350 0.321 0.294 0.270 0.246 0.225
2 0.393 0.362 0.333 0.306 0.281 0.258 0.236
4 0.408 0.377 0.348 0.322 0.297 0.274 0.252
10 § 0.426 0.395 0.367 0.341 0.316 0.294 0.273
8 0.447 0417 0.389 0.363 0.339 0.317 0.297
10 0.471 0.441 0414 0.388 0.365 0.344 0.324
15 0.542 0513 0.487 0.463 0.442 0.422 0.404



At any depth z, the Rankine active pressure may be expressed as

F » s
o, = YIK, AElaal) glee¥) die dgal) clua & 5
o —027xl7’@ o' =K yH
—9.18 kN/m? =0.27xl7>@
=18.36 kN/m’
o, =K yH

=27.54 kN/m



Also, the total force per unit length of the wall 1s

Pﬂ=%?H1Kﬂ
}3‘=1x0.27xl7><32 l 2 |, 8
2 (2)(027)(]7)(8'))(3
=146.88 kN/m - = 146.88

=2.67m



JCoulomb’s Active Earth Pressure

Active pressure —————  Jaall dualiilly 4a 4 gl
Passive pressure ——>  4asi s ol

J The Rankine active earth pressure calculations discussed in the
preceding sections were based on the assumption that the wall is
frictionless.




To apply Coulomb’s active earth pressure theory, let us consider a retain-
ing wall with itSback face inclined at an angle B with the horizontalyas shown in
Figure 12.12a, The backfill is a granular soil that slopes at an angle a with the hori-
zontal. AlsN let &' be the angle of friction between the soil and the wall (\.e., the angle
of wall friction)

Wil G g (Al g0l J s



Pa(max)

Active -
force

Wall movement
away from
< 501l
A




The maximum value of P, thus determined 1s Coulomb’s active force

P, = 3K, yH’

K, = Coulomb’s active earth pressure coefficient
sin? (B + ¢')

. . sin(¢p” + &')sin(¢p’ — «)
G Batn g = S| Lo \/sin(B — 0')sin (a + B)




Table 12.6 Values of K, [from Eq. (12.2¢€

B (deg)

a(deg) ¢’ (deg) 90 85 80 75 70 65

0 28 03213 03588 04007 04481 05026  0.5662
29 03091 03467 03886 04362 04908  0.5547
30 02973 03349 03769 04245 04794  0.5435
31 02800 03235 03655 04133 04682  0.5326
32 02750 03125 03545 04023 04574 05220
33 02645 03019 03439 03917 04469 05117
34 02543 02916 03335 03813 04367  0.5017



Table 12.7 Values of K, [from Eq. (12.2Q] for 6’ = ¢'/2

B (deg)
a (deg) ¢’ (deg) 90 85 80 75 70 65
0 28 0.3264 0.3629 0.4034 0.4490 0.5011 0.5616
29 0.3137 0.3502 0.3907 0.4363 04886  (.5492
30 0.3014 0.3379 0.3784 0.4241 04764  0.5371
31 0.2896 0.3260 0.3665 0.4121 04645  0.5253
32 0.2782 0.3145 0.3549 0.4005 04529  0.5137
33 0.2671 0.3033 0.3436 0.3892 04415  0.5025
34 0.2564 0.2925 0.3327 0.3782 04305 04915
35 0.2461 0.2820 0.3221 0.3675 04197  0.4807




Example 12.6

Consider the retammg wall shown in Figure 12.12a. Given: H = 5 m;_unj
soil = 17.6 kN/m’; angle of friction of soil = 35°; wall friction-angle 3qb soil
cohesion, ¢’ = 0; @ = 0, and B = 90°. Calculate the Coulomb’s active force|per unit

length of the wall.




Il J 4881 yall dana

P Y
(
a(max) -(——————::7-"--,-‘\
Active il : I,\\
force ' l
| |
| |
i M
I :
| 3

Wall movement
away from

<«—— soil
A P, B — &
Yw
R
Hl _(b'
(b)




F

a

From Table 12.6, fora = 0°, 8 = 90°, ¢’ = 35°, and &' = 3¢" = 23.33°, K, = 0.2444. Hence,

= WK,

i 2 —
P, = 5(17.6)(5)(0.2444) = 53.77 kN/m g
Table 712.6 Values of K, [from Eq. (12.26)] for 6’ = :_,:—'d)'
B (deg)
a (deg) ¢’ (deg) 90 85 80 75 70 65
0 28 0.3213 0.3588 0.4007 0.4481 0.5026 0.5662
29 0.3091 0.3467 0.3886 0.4362 0.4908 0.5547
30 0.2973 0.3349 0.3769 0.4245 0.4794 0.5435
31 0.2860 0.3235 0.3655 0.4133 0.4682 0.5326
32 0.2750 0.3125 0.3545 0.4023 0.4574 0.5220
33 0.2645 0.3019 0.3439 0.3917 0.4469 0.5117
34 02543 0.2916 0.3335 0.3813 0.4367 0.5017
35 0.2816 0.3235 0.3713 0.4267 0.4919



12,8 Refer to Figure 12.12a. Given: H =4 m, y = 16.5kN/m’, ¢’ = 30°, ¢ = 0, and
B = 85°. Determine the Coulomb’s active force per meter length of the wall
and the location and direction of the resultant for the following cases:

a. a=10"and &' = 20°
b.a=20"and o' = 15°

Joad) (e YAy ¢ gilal) addiid o g LA



P(l( max) A

Active -
force

Wall movement
away from
<«—— soil
A

(b)

B— 9
Yw
01 _(f)'

g J A1 pall dana



P, = 3yHK,

K, = Coulomb’s active earth pressure coefficient

sin” (B + ¢')

)
T — sin(¢p’ + 8)sin(¢p’ — a)
sin” B sin (B — 6 )[l + \/sin(B = 8')sin (@ + B) ]



sin” (85 +30)

sin” 85sin (85— 20){1 - \/

K =

o

sin(30+20)sin(30-10) |
sin(85—20)sin(10+85)

B 0.821
269 f
0.992 % 0.906/ 1+ /0'“6"
0.902
~ 0.821
©0.992x2.145
— 0.385

P =2 %0.385x16.5x 4’

2 lem\ e\dﬁu\ 33 Lia
= %x6.3525x 16 Jdoal) addiud Ol s

=51kN/m



K - sin® (85 +30)

o

sin®85sin (85-15) 1+ it 30 +15)sin (30— 20)
sin(85—15)sin(20+85)

0.821

0.992 % 0.9396/| 1+ /("'2278
0.907

0.821

T 0.992x1.758
~0.471

=-;—>-<O.47lxl6.5><42

=-l—><7.77lxl6
2

= 62.168 kN/m



Refer to Figure 12.13a. Given H=4m, a =0, B =85°, y= 17kN/m’, ¢’ =0,
¢’ = 36° 8'/d' = 0.5_and g = 30 kN/m*. Determine the Coulomb’s active force

per unit length of the WN ¢

6=7

TFable 12.7 (Continued)

B (deg)
a (deg) ¢’ (deg) 90 85 80 75 70 65

5 36 0.2362 0.2718 0.3118 0.3571 0.4092 0.4702



(a)

Surcharge = g

sin® B

K%q[ki

n (B +a)

(b)



K_ = Coulomb’s active earth pressure coefficient

sin® (B + ¢')

sin® B sin (8 — 5’)[1

X‘Sil‘l((ﬁ)r + &')sin(¢p’ — «)
\.'“ sin( 8 — &')sin (a + B)

Jeaall Gk oo gl G sial



— -

l 2 + K,Hgqg slng
S K.yH “sin (B + @)

! 0.2718 * 17 * 4% + 0.2718 * 4 = 30 _sin(85) 69.58
= — % (). * % _ x 4 % — _
2 sin(85 + 0)




Example 12.7

Refer to Figure 12.13a. Given: H = 20 ft, ¢’ = 30° &' =20°, a = 5°, B = 85°,
g = 2000 Ib/ft>, and y = 115 Ib/ft’. Determine Coulomb’s active force and the location
of the line of action of the resultant P,,.




(a)

Surcharge = g

sin® B

K%q[ki

n (B +a)

(b)



Solution
For B =85 a=15° 6" =20° ¢"=30° and K, = 0.3578

+ K Hg —nP
SK.yH?> T M G (8 + )

Pa(2)

—

sin 83
sin (85 +5)

= (0.5)(0.3578)(115)(20)* + (0.3578)(20)(2000)

= 82294 + 14,257.5 = 22,486.9 1b/ft



Table 12.6 Values of K, [from Eq. (12.26)] for 8’ = 5 ¢’
B (deg)
a (deg) ¢’ (deg) 90 85 80 75 70 65
5 28 0.3431 0.4311 0.4843 0.5461  0.6190
29 0.3295 : 0.4175 0.4707 05325  0.6056
30 0.3165 0.4043 0.4575 05194  0.5926
31 0.3039 0.3451 0.3916 0.4447 0.5067  0.5800
32 0.2919 0.3329 0.3792 0.4324 0.4943  0.5677



[.ocation of the line of action of the resultant:

H H

P,z =P, -+ P
al a(l)3 (1(7)2

or

20 20
a2+ auzrsf2)
22,486.9

o =

= 8.78 ft (measured vertically from the bottom of the wall)



Lateral Earth Pressure Due to Surcharge
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Lateral Earth Pressure Due to Surcharge

line load
4a a’b
= f > 0.4 Line !oad
=~ 7TH (a2 + b2) otd |<7611_1__lq/umt length
q 0.2035h
= f =04
T HO16+b)R ¢

(a)



Zq (B — sin B cos 2a)

strip load

P = -2 1F(6, —6,)]

90 1l
b’ z
0, = tan_(ﬁ> (deg) L
/ + b' :
0, = tan"'(a = )(deg)




e [H2(92 —0,)+ (R —0)—513a’H
2H(02 . 61)

R = (a' + b')*(90 — 6,)

O = b"*(90 — 0,))



12.10 RefertoFigure 12.14b. Given H = 3.3 m,a’ = 1 m,b" = 1.5m,and g = 25 kN/m?
Determine the lateral force per unit length of the unyielding wall caused by the
surcharge loading only.

' ( ’ Y\
6 =tan"' (i] @, =tan"’ g+d
g ' H M
P = [H(GZ = 6l)] =tan”’ (H) =[an"(|'5+l\
90 33 L 33 ]
=24 .443° =37.146°

25 a .
=507 < [3:3%(37.146°-24.443°) |
=11.64 kN/m



Example 12.9

Refer to Figure 12.14b. Here, '’ =2m, b’ = 1m, g = 40 kN/m?, and H = 6 m.
Determine the total force on the wall (kN/m) caused by the strip loading only.

Example 12.10

Refer to Example 12.9. Determine the location of the resultant z.

0, = tan‘(%) (deg)

! + b’
0, = tan_'(a T )(deg)

_ 4 =
P =0 [H(6, — 6))]




|
01 = tan—'(g) = 0.46°

2 + 1
0, = tan"( 7 ) = 26.57°

40
e 9—"0-[11(92 = 61)] = 4 16026.57 ~ 946)] = 45.63 KN/m

-y [H6:=8) + (R— Q) ~ 573a'H
< 2H(6, — 6,)

R = (a' + b')*(90 — 0,)

O =hb"*(90 — 0,



R = (a' + b')’90 — 6,) = (2 + 1)*(90 — 26.57) = 570.87
O = b"*(90 — 6,) = (1)*(90 — 9.46) = 80.54

From Eq. (12.37),
g [H2(02 —-0,)+(R—-0Q) — 57.3a'H]
g=H =
2H(62 = 01)
- [(6)2(26.57 — 9.46) + (570.87 — 80.54) — (57.3)(2)(6)
(2)(6)(26.57 — 9.46)

] = 3.96 m



EXAMPLE 12.8

Refer to Figure 12.14a which shows a line load surcharge. Given: H = 6 m, a = (.25,
amd ¢ = 3 kN/m. Calculate the variation of the lateral stress ¢ on the retaining struc-
tureatz = 1,2, 3,4, 5, and 6 m.




z (m) H (m) b=z/H a o (kN/m?)

| 6 0.167 0.25 0.48

2 6 (0.333 0.25 0.46

3 6 0.5 0.25 0.302

4 6 0.667 0.25 0.185

5 6 0.833 0.25 0.116

6 6 | 0.25 0.073

g 0.203b
= fora<04

H(0.16 + b*)



_JRankine Passive Earth Pressure

o, = 0,K, + 2c"VK,

[

K, = Rankine passive earth pressure coefficient

= tan2(45 + (b—)
2



Example 12.13

A 3-m-high wall 1s shown in Figure 12.20a. Determine the Rankine passive force per
unit length of the wall.

s oLl e g aa aga J) gl



<€

Ysat

(a)

v = 15.72 KN/m3
¢ = 30°
ciy =0

Groundwater

= 18.86 kN/m?

b = 26°
¢4 = 10 kN/m?



Wania LLIGEL 5 daga 8_SA 038 9 Ay gl Aluka JSI (Y Jalaa dlph JS<I a5

For the top layer

K, = tan2<45 + %) = tan’(45 + 15) = 3

/

From the bottom soil layer

K,o = tan2<45 + %) = tan*(45 + 13) = 2.56

/



o, =0 K, + 26’\/K—p

P opP

/

0()
at 7

effective vertical stress
0,0,=0,¢,=0,0,=0



atz =2m, o, = (15.72)(2) = 31.44 kN/m* ¢| = 0

o, = a K, +2c'VK, Akl Jelea | Clabeall 0
Al dgudall 5 5V

o, = 31.44K, ;) + 2000 VK, ;) = 31.44(3) = 94.32 KN/m’

/

oY) Ad



o, =o K, +Ilc VK

= 0K, + 26;VK o) = 31.44(2.56) + 2(10)V/2.56

= 80.49 + 32 = 112.49 kN/m? l
Al dddall Jalaa



G 3 111, a, = a K, + ZC’\/K_,,

0-(,) = (1572)(2) T (Ysat o Y'IL?)(I)
= 31.44 + (18.86 — 9.81)(1) = 40.49 kN/m’

0, = 0K + 20VK ) = 40.49(2.56) + (2)(10)(1.6)
= 135.65 kN/m’




PR . S S — —




JEY) dabue il

Area no. Area
1 1) (2)(94.32) = 94.32
2 (112.49)(1) = 112.49
3 3)(1)(135.65 — 112.49) = 11.58
4 1 (9.81)(1) = 4.905

P, ~ 2233 kN/m




dGranular Soil (C = 0)

Py = %szKp

cos @ + Vcos? a — cos? b’

K, = cos a

cos a—V cos® a — cos> ¢’



Table 12.9 Passive Earth Pressure Coefficient K, [from Eq. (12.63)]

¢' (deg)—
la (deg) 28 30 32 34 36 38 40
0 2.770 3.000 3.255 3.937 3.852 4.204 4.599
S 2013 2.943 3.196 3.476 3.788 4.136 4.527
10 2351 2.775 3.022 3.295 3.598 3.937 4316
e, 2.284 2.502 2.740 3.003 3.293 3.615 3.977
20 1.918 2.132 2.362 2.612 2.886 3.189 3.526
25 1.434 1.664 1.894 2135 2.394 2.676 2.987




c'-¢’ Soil

c08” b

2¢0s” a +2( )cosd> sin ¢’

2 1! 1\?2
+ \/40032 alcos’ @ — cos @) + (;Z) cos’ ' + 8(

/

COS asin g’ cos
%) ¢

/



Table 12.710 Values of K,

c'/yz
¢’ (deg) a (deg) 0.025 0.050 0.100 0.500
15 0 1.764 1.829 1.959 3.002
5 1.716 1.783 1.917 2.971
10 1.564 1.641 1.788 2.880
15 1.251 1.370 1.561 2092
20 0 22 i 2.182 2.325 3.468
5 2.067 2.140 2.285 3.435
10 1.932 2.010 2.162 3.339
15 1.696 1.786 1.956 3.183
25 0 2.542 2.621 2.778 4.034
< 2.499 2.578 2.737 3.999
10 2.368 2.450 2.614 3.895
15 2.147 2.236 2.409 3.726
30 0 3.087 3.173 3.346 4.732
> 3.042 3.129 3.303 4.674
10 2.907 2.996 3.174 4.579
15 2.684 2707 2.961 4.394

O P aladta) e YW
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JRetaining wall :
In general, retaining walls can be divided into two major categories:

(A) Conventional Retaining Walls .
(B) Mechanically Stabilized Earth Walls (MSE) .

Conventional retaining walls can generally be classified into four varieties:

|. Gravity retaining walls

2. Semigravity retaining walls
3. Cantilever retaining walls
4. Counterfort retaining walls



Reinforcement

(a) Gravity wall (b) Semigravity wall (c) Cantilever wall



(d) Counterfort wall



AStability of retaining wall:

* The structure is examined for possible:

A- Overturning

B- Sliding

C- Bearing capacity failures.



““

(c)

(b)



Example 13.1

The cross section of a cantilever retaining wall 1s shown in Figure 13.12. Calculate the
factors of safety with respect to overturning, sliding, and bearing capacity.

Jada JS30 ) gud C AT |
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The Rankine active force per unit length of wall = 3y,H"°K, .

Jals J gkl

5




____/_.;_@o

I H,=0.458 m

] ~
unit weigh of backfill } | i N g ks
| -
: |
| ~~y; =18 kN/m> |
| ' B :
| d) l=30 | . .
i ch=0 | alaa JSG0 u‘b’“‘
|
i FJ::() m
|
i Y Lt
| @ EA_/: I
: |
| , . .
|
! @ | |
1.5m=D A I B B2
J_ l 0.7 m ©) @_;:O.? -
“ ‘ - ¥ =19 kl:J/m3
—— —— 2 2=
oo 07m ot 07m e CTom Y\, %7

heel ¢’ =40 kN/m?



H =H,+H,+ H;=26tan 10° + 6 + 0.7
=0458 + 6 + 0.7 =7.158 m

Adlucal) 0da Uda o) S 7 L




i

————————————p— ——

1

1.5m=D A4
4 [omm (07 m)
y Y

C

|- 0.7 m »|= 0.7 m »|l<*— 2.6 m —|



« (deg)

W N - 0O

10

28

0.3610
0.3612
0.3618
0.3627
0.3639
(.3656
0.3676
0.3701
0.3730
0.3764
0.3802

P, =

29

0.3470
0.3471
0.3476
0.3485
0.3496
0.3512
(0.3531
(0.3553
0.3580
0.3611
0.3646

30

0.3333
(0.3335
(.3339
0.3347
(0.3358
0.3372
(0.3389
0.3410
0.3435

().3463
OSEN LB Jalaall JalS an LS Jsaad) sk o8 Jalaall dad o

%_”YlleK .

31

0.3201
0.3202
0.3207
0.3214
0.3224
0.3237
0.3253
0.3272
0.3294
0.3320
0.3350

32

0.3073
0.3074
0.3078
0.3084
0.3094
0.3105
0.3120
(0.3138
0.3159
0.3182
0.3210

33

0.2948
0.2949
0.2953
0.2959
0.2967
0.2978
0.2992
0.3008
0.3027
0.3049
0.3074

Jenl Jsaall 81 o 38l alasinly o

¢’ (deg) —

34

0.2827
(.2828
(.2832
(0.2837
0.2845
(0.2855
(.2868
(.2883
0.2900
0.2921
0.2944



(S pa ) 358l oa Jalay Liah
P, = 5(18)(7.158)%(0.3495) = 161.2 kN/m

P, = P,sinl0° = 161.2 (sin10°) = 28.0 kN/m

P, = P,cosl0° = 161.2 (cos10°) = 158.75 kN/m




|- 0.7 m »|= 0.7 m »|l<+—26m —|

2



>
R
O
=2
@
m".
-k

; A
I
|
I
I
I
I
I
I
I
I
I
:
: H2=6 m
4 P,
lm/(‘.mLoi).
: h
I
I
I
I
I
T |
:
1.5m=D R 4
_L l 0.7 m Hy=0.7 m
C e %
|« 0.7 m +l< 0.7 m +|<— 2.6 m —| ¥>=19 kN/m
$H=20°
¢’ =40 kN/m?
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J&&) ) Sl anudiy Liad
L@iakuuaugLuusliﬂiggaJ@*a

Adaliuy Lgaa Jaladl) g i
v1 =18 kN/m’ i
$1=30° |
Section Area =0 i
no.” (m?) | Hy=6m
1 6:X05=3 Py 2,
2 10.2)6 = 0.6 @ |=g=tr
3 4 X07=28 i
4 6X26= 156 i
5 12.6)(0.458) = 0595 | /_?2 - .
Vo Amorn.
C A

¥, =19 kN/m’
¢ =20°
¢’y =40 kN/m?

|« (0.7 m »= 0.7 m »|<+—2.6m —>|



Weight/unit
length
(kN/m)

Section
no.?

14.15

66.02
280.80
10.71
P, =28.0
SV = 470.42

W B W N -

S asll & sans L l - ke et
L858 B2 5 |<-().7 m < 0.7 m >l+— 2.6 m —>| ¥,=19 kN/m’
b4 =20°
¢y =40 kN/m?




4@0

Moment arm ] ] s FiaR
Section from point C Moment = Moment arm x Weigh Unit Length ., — ) IH’ ~0.458 m
(kN-m/m) |

no.” (m) e
| 1.15 81.35 |
2 0.833 11.79 :
3 2.0 132.04 vi=18 kNfm? |
4 2.7 758.16 =30° |
5 3.13 33.52 ¢\=0 |
4.0 112.0 |
1128.86 = SM, i by=om
P
o 23 P‘* = a
\ Lf{\ V?"'S.M 8 ¢ADA @ :Aﬁ(__g)_ P,
Led 58 33 5> 9 i
|
Ay gllaal) Akl Y AasY) Adldll fiiii, |
1.S5m=D R
i 0.7m :: Hy=0.7m
/ : | | ————y———l;;;/m"
- * oy ey l«0.7m >« 07 m »/<*+—26m —> 2
4y gllaal) 4dadil ' l by =20°

B ¢’y =40 kN/m’



Weight/unit ~ Moment arm
Section Area length from point C Moment
no.” (m?) (kN/m) (m) (kN-m/m)
| 6X05=3 70.74 1.15 81.35
2 3026=06 14,15 0.833 11.79
3 4Xx07=28 66.02 20 132,04
§ 0 6X26=156 280.80 )7 758.16
5 3(26)(0458) = 0.595 1071 313 3.5
P =28 40 120
SV = 47042 28.86 = IM,




The overturning moment

H' 7.158
M, = P,,<?) = 158.75(7) = 378.78 kN-m/m
SM,
FS (overturning) — M
° Jsaall 8 olivea

el

M 1128.86
FS (overtming) = —7— = o0 = 298 > 2, OK

)

The usual minimum desirable value of the factor of safety with respect to overturn-
ing is 2 to 3.



(2V)tan (k,¢5) + Bkyc, + P,
Pcosa = Ph

FS (sliding) —

Letk, = k, =

2|9

CAlSO, ——— Uil

P, = 3K, y,D* + 25V K, D> 3 b sha

p

P

K = tan2(45 + %) = tan’(45 + 10) = 2.04



P,= %pr?_Dz + 2¢, VKD

D=15m

J ‘gl Q,A Pt

P, = 5(2.04)(19)(1.5)* + 2(40)(\/2.04)(1.5)
= 43.61 + 171.39 = 215 kN/m



(2V)tan (k,¢5) + Bkyc, + P,

FS (iging) =
shding)
P, cosa
laia Leolba A3
2 %20 2 anhiats
(470.42)tan 3 + (4) 3 (40) + 215
FS (sliding) — 158 75
~ 111.49 + 106.67 + 215

=2.73> 1.5, 0K

158.75
/

(Baue Lgsbuon o



: . iH, =0..45.8-m
!

H2=6 m
Pll
10°
A Ph
1.5m=D Y _x_
0.7m H3;=0.7m
i R R
C 4

v,=19 kN/m’
¢y =20°
B ¢, =40 kN/m?

le 0.7 m »< 0.7 m »l*+— 2.6 m —>|



Factor of Safety against Bearing Capacity Failure

B SMy—3M, 4 112886 — 378.78
2 SV 2 470.42

B 4
6 6

€

= 0.406 m < = (0.666 m



SV 6 470.42 6 X 0.406
q heel = ;(1 3 ;e) = (l o ) = 189.2 kN/m? (toe)

4

= 45.98 kN/m” (heel)




— / /
qu — CQN(FCchi T ququF T ’7yZB NyF‘de‘yi
&' N, N, N,
16 11.63 4.34 3.06 | |
17 12.34 4.77 3.53 G s SOllaell o34
18 13.10 5.26 4.07 Al J L yre (33 )k
19 13.93 5.80 4.68

20 14.83 6.40 5.39



qd, — C')NF(‘]F + QN quF -+ —y7B'NYFYdFYI

q = v,D
B' =B — 2e
l_Fd
F,=F, — !
cd qd N(. tan (b:"_

D
F,,=1+2tan 51 — sincbé)zy

F‘ydzl




g = v,D = (19) (1.5) = 28.5 kN/m’
B' =B —2¢ =4 —2(0.406) = 3.188 m

, oD 1.5
F,=1+2tand)(1 — Slngbz)“(E) =1+ O.315(ﬁ) = 1.148
I = F 1-—1.14
F,=F “ = 1.148 8 _ 1175

¢~ el T N tand) ~ (14.83)(tan 20)

N

Fyd=l









qu — Ci’ZNchchi T ququF T 7Y7B NyFdeyz

= (40)(14.83)(1.175)(0.628) + (28.5)(6.4)(1.148)(0.628)
+ 2(19)(5.93)(3.188)(1)(0)
= 437.72 + 131.5 + 0 = 569.22 kN/m’

q.  569.22
FS (bearing capacity) Groe - 189 2 = 3.0 OK




In Problems 13.1 through 134, use Y. pmee = 2398 kKN/m'. Also, in Eq. (13.11), use

klzk

13.1

»=2/3and P, = 0.

For the cantilever retaining wall shown in Figure P13.1, let the following data be given:

Wall dimensions: H=8mx; =04mx=06m x3=15m x; = 35 m
x5=09mD=175m,a=10°

Soil properties: 7y, = 16.8 kKN/m’, ¢, = 32°, y, = 17.6 kN/m’, ¢; = 28°,
¢’y = 30 kN/m’

Calculate the factor of safety with respect to overturning, sliding, and bearing capacity.
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Dl el e 8 yal) e

Sy S dadd AL o (o 252 Y
I Lgagd g 588l Jguag (e 28U

I Xq
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The Rankine active force per unit length of wall = P, = z-l-'ylH'zKa.

p

H =8+0617 + 0.96 = 9.56 /

1 10°

tanl0 =

PJL;



Draw the cantilever wall as shown below:

0.4 m

-« >

©

*-— 1 .59m —*I‘().() m ’I‘— 3.5m-——»

17.6 kN/m'
28"

16.8 kN/m’
0




« (deg)
| 28

0.3610
0.3612
0.3618
0.3627
0.3639
0.3656
0.3676
0.3701
0.3730
0.3764
10 0.3802

W - O

o <IN B e RV I SN

O

29

0.3470
0.3471
0.3476
0.3485
0.3496
0.3512
0.3531
(0.3553
0.3580
0.3611
0.3646

30

0.3333
(0.3335
(0.3339
(0.3347
0.3358
0.3372
0.3389
0.3410
0.3435
0.3463
(.3495

31

0.3201
0.3202
0.3207
0.3214
0.3224
0.3237
0.3253
0.3272
0.3294
0.3320
0.3350

32

0.3073
0.3074
0.3078
0.3084
0.3094
0.3105
0.3120
0.3138
0.3159
0.3

cos 10° —/cos? 10° — cos? 32°

= cos10°x

2 2
cos 10° + \/cos’ 10°—=cos” 32°

0.484
1.485

= (.984 x
=0.3216

33

0.2948
0.2949
0.2953
0.2959
0.2967
0.2978
0.2992
0.3008
0.3027
0.3049
0.3074

¢’ (deg) —
34

0.2827
(0.2828
(0.2832
0.2837
0.2845
(0.2855
(0.2868
(0.2883
0.2900
0.2921
(.2944

K

a
Jsaall | o slal alasiily
& il g O Al (e Jiadl



Draw the cantilever wall as shown below:

0.4 m

l 10° =

-« >

0.617 m

.

©

*-— 1 .59m —*I‘().() m ’I‘— 3.5m-——»

17.6 kN/m'
28"

4

0.96 m
.




Calculate the total active force behind the wall
as follows:

P = %xy(H +x,+x) xK

=%xl6.8x(8+0.96+0.6l7)2 x0.3216

=247.8 kN/m N H OAsS sa () 3 gall Jla
P, =P xcosa P, =F, xsina
P, =247.8xcosl0° P_=2478xsin10°




Area(m®)

Portion
1 =04x8
=3 2
2
= %x(0.6—0.4)>t8
=0.8
3 =(1.5+0.6+3.5)x096
=35376
4 _-_8+8;6l'7x3.5
= 20.08

Total

Draw the cantilever wall as shown below:

0

0.4m _ el =3
05 & i G617 m
| ‘4
>
v, = 16.8 kN/m’
( l ) 8 m 4 "'l =0

¢’ = 32°
’
0.96 m

¥, = 17.6 kN/m’
¢'=28°

le— 1.5 m—>+0.6 m*fe——3.5m —| -




A, =8x%3.5+0.617 % 0.5 % 3.5

Portion | (kN/m’
1
23.58
, -4
23.58
3
23.58
" |
16.80

Ll

Draw the cantilever wall as shown below:

I

1.75 m

|

04 m | 19 t
l | 0.617m
)
¥, = 16.8 kN/m’
4
I 8m 0
¢',=32
(2
ot
’
©) 0.96 m
.

|<— 1.5m —’I‘().(x m ’l‘i 3 5m——

Y, = 17.6 kN/m’
¢'.= 28"




Vi =(Axy) | praw the cantilever wall as shown below:

Area(m’ ) 4
Portion (kN/m’) (kN/m)
1 =04x8
=322 2358 | 7546
2 + .
l
=3X06-0408 | 2358 | 1886
=0.8
3| =(1.5+06+3.5)x096
=537 2358 | 12677
1 :8*8'617,(3.5
> 1680 | 488.54
= 20,08
Toul Y ¥y =709.63

0.4 m 1//4f77517*
—s o T iz 0617m
o 1
ﬁ big
y, = 16.8 kN/m'’
(D 8 m 2 ¢,=0
¥im32
e O
1.75 m:: t
l @ 0.96 m

v, = 17.6 kN/m’

¢'=28°

— 1.5 m—+0.6 mols——35m—]




X soe (m) “Im
Portion (kN-m/m)
1 | 04
=1.54+0.6 5 143 37
~1.90 |
- 2 )
2 =l.5+(-x(0.6—0.4)}
3 30.80
=1.633
|7 15+06+35
3 = 2 354.96
~28
35
B L P
T herNessy 1,880.88
=385

D M, =2410

Draw the cantilever wall as shown below:

1.75 m:

45 l

0.4 m //ﬁ oF
| | 7 s e 1 vz - 0617 m
’ i % " oy eat
y, = 16.8 kKN/m’
CD 8m 2 ¢, =0
¥=32
’
@ 0.96 m

5. 6 ¥, = 17.6 KN/m’

§'= 28

— 1.5 m—>+0.6 m*je——35m —]




Area(m’ ) y Ve =(4xy) x, (m) M,
Portion (kN/m’) | (kN/m) (kN-m/m)
1 0.4x8 | [ ! 04 |
=04x .
=32 23.58 75.46 RN 14337

y——__-—‘_—-—?_-
2

=-;-x(0.6—0.4)x8

=1.90

=1.5+[ 2x(0.6-0.4
(3x(06-04))

23.58 18.86 30.80
- 0.8 = l.&3
3 | =(1.5+0.6+3.5)x096 [ | 15+06+35 |
- 537 23.58 126.77 - 2 354.96
1 8+8.617 1 ' — s |
+ R
=== % | 1680 | 48854 =13+06+3 | 188088
= 29.08 | =385

Total ] S ¥y =709.63 S M, =2410

o




The overturning moment

H’ 9.577
M,,=P,,(;)= 244 x —— = 7789
>M, 2410+ 43 * 5.6 = 2650.8
FS (overturning) M \
/ Py
SM, _ 26508 _

Fs(ovenuming)— M 778.9 B

)



(2V)tan (k,¢5) + Bkyc), + P,

ES . liding) =
slid
heing wsa

709.63 + 43 = 752.6

Letk, = k, =

2|9

. Also.



9 .
7152.6 % tan( = X 28°) +(5.6x ~x30 J
FS 3 3

sl ! = -
(shding ) 247 8xcosl0°
=1.51

Therefore, the factor of safety against sliding

1.51]

IS




Factor of Safety against Bearing Capacity Failure

- B EMR_ EMO
2 2V

€

56 (2650.8-778.9"

e=——

2 % 7152.6 )
=0313 m




o _ZV[  Ge
q heel B -

G = &(' + 68)
B B

752.6 ( 6x0.313]
= x| 1+
5.6 5.6

=179.4 kN/m’

= qh 89.32

qmin eel —




qu — Ci’ZNchchi T ququF T 7Y7B NyFdeyz

¢’ N, N N

q Y
20 14.83 6.40 5.39
21 15.82 7.07 6.20
22 16.88 7.82 7.13
23 18.05 8.66 8.20
24 19.32 9.60 9.44
25 20.72 1066 10.88 bearing capacity factor
26 22.25 11.85  12.54
27 23.94 1320 14.47

25.80 14.72 16.72
29 27.86 16.44 19.34
30 30.14 18.40 22.40

31 32.67 20.63 25.99



q = v,D
B'=B — 2e
l_Fd

q
ch:qu_Ntan(bl
¢ 2

e L
F,,=1+2tan 51 — smd)z)zy

Foi =




D
F.,= 1+ 2tan ¢5(1 —sm(b)B

q

=]+ 2x[tan(28°)]x[l —sin(28°)]2 X

=1.105

1.75

F
(5.6-2x0.313)

od




I_Fd

4

F.,= Fd =
((1 o N‘. tan ¢é
~1.105 ( |=1.105 )
25.80x tan 28°

=1.113
F,=1.0










q. = ¢3N.F 4F; + qN,F ,F, + 5y,B'N.F ,F.,

130%25.80x1.113x0.64+(1.75x17.6) x14.72x1.105% 0.64 +

) . 4.974%17.6x16.72x1x0.13

— -

=967.1 kN/m*

G




_ 4.
Gtoe

FS (bearing capacity)

. 967.1
FSope =00
=5.39

Therefore, the factor of safety against bearing

capacity is 2321




A gravity retaining wall is shown in Figure 13.13. Use &= 2/3¢; and Coulomb's
active earth pressure theory. Determine

a. The factor of safety against overturning
b. The factor of safety against sliding
¢. The pressure on the soil at the toe and heel



TANA i r
v, = 18.5 kN/m?
1 = 32°
ci =0
5 S.7m

-‘ '
-dﬁ"-‘--- -
* * ’

2.167 m
1.5m —%-
0.8 m
L " eI =
> < N
0.8 m 03 m Y2 = 18 kN/m*
< 3.5m >| b = 24°

cs = 30 kN/m?



H=54+15=65m

P, =3vH"K,



With a = 0°, B = 75°,8' = 2/3¢], and | = 32°, K, = 0.4023. (See Table 12.6.) So,

Table 12.6 Values of K, [from Eq. (12.26)]

B (deg)
a (deg) ¢’ (deg) 90 85 80 75 70 65
0 28 03213 03588  0.4007 04481 05026  0.5662
29 03091 03467 0388 04362 04908  0.5547
30 02973 03349 03769 04245 04794  0.5435
31 02860 03235 03655 0413 04682  0.5326
32 02750 03125 03545 Q04023 ) 04574 05220



B—&

force
away from

soil

Pu(max)
Active
A

(a)



P, =5183)(65704023) = 1572240\
P, = P,cos(15+ 3 = 157.22.c0s .33 = 126,65 kN y = s
ci ; 0
=P inll5 +) = INNHUB =Bl 5 sin
| [
: ‘ i ': 2.167m
I5m | '*'
0.8 m
Iy Lok
m 03m ¥, = 18 kN/m’
< 3.5m s =24

¢s = 30 kN/m?



— : .“
g3

7 9 Y %
Area Area Weight*
~ no. (m?) (kN/m) g N/
I 5(57)(1.53) =436 10281 =0
2 (06)(5.7) =342 80.64 n 57m
3 H027)(5.7)=077 18.16 P,
4 =(35)(08 =28 66.02
P,=93.14 : 1[53____1__ .
2V = 360.77 kN/m |
| i 7 2167 m

m 03m ¥y, = 18 KN/m’

" &)= 24
3Sm = 24°
* .l ¢ = 30 kN/m?




Y o %
Moment arm
from C Moment 3
(m) (kN-m/m) b
2.18 224.13 ¢=0
1.37 110.48 Sm 57m
0.98 17.80 P
LTS 115.54
2.83 263.59 : L I
2M, = 731.54 kN-m/m ' i
A 2167m
S 15 m E %’
0.8 m
L 14
< e 4_"—" Ly ¥, = 18 kN/m’
A ( d 4_)“‘ &8 m ik 0.3m . ¢§ o>



7 9 o %
y, = 18.5 kN/m’
4=
=0
6.5—2.167
5m 57m
P,
. 5° 5.7
| "'l """" F==Ph
i
v
3 2l
S P : 2.167m
1.5m :
0.8 m 1.53
L .
[« f— ‘
0.8m 03m %= 18 kNm
« 3Sm s h=24

¢h = 30 kN/m?



/

H
Overturning moment = M, = P,,(?) = 126.65(2.167) = 274.45 kN-m/m

- ~ SM; 731.54
overing).  Syr 27445

= 2.67 > 2, OK



2 2
(ZV) tan (gd)é) ) —3—CéB + Pp

Fs(sliding) T

!

P, = 3K,y,D* + 2c;VK,D



P, = 5K,v.D? + 2c;VK,D

24
K,= tan2(45 + 7) = 2.37

P, = 5(2.37)(18)(1.5)* + 2(30)(1.54)(1.5) = 186.59 kN/m

2 2
360.77 tan (5 X 24) k= 5(30) (3.5) + 186.59

Fs(sliding) = 126.65

~103.45 + 70 + 186.59
126.65

= 2.84



B IMy-3M, 35 731.54—274.45_0483<§ Cpass
) SV 2 36077 6

¢



Qioe — ?

qheel =

S

360.77

3

©360.77

3

3.5

(6)(0.483)

) 6)(0.483)
1 (6)( ) = 188.43 kN/m?

39

= 17.73 kN/m*



35m

»

03 m

>

-¥-

0.8 m

Y2
b5
5

rZ e ST

18.5 kN/m?
32°

o i g e

2.167m

o

18 kN/m*
24°
= 30 kN/m?*






-1Components of MSE walls :

Gu5aadl dawaiall paud) dropalK Ul aial

e Backfill

* Reinforced elements (Geogrids, Metallic strips, geotextile)

* Wall facing (wall skin, panels)



***Design of wall
(JExternal Stability Checks
1-Sliding
2-Overturning

axiaodl dwaiall puud) drogalK Ul ainul

3-Bearing capacity

JInternal Stability
1-Breakage of reinforcement

2- Pullout Mechanism

axiaodl dwaidll puud) drogalK Ul ainul
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Example 13.5

A geotextile-reinforced retaining wall 5 m high is shown in Figure 13.34. For the
granular backfill, y, = 15.7 kN/m’ and ¢ = 36°. For the geotextile, T,;, = 52.5 kN/m.
For the design of the wall, determine Sy, L, and /. Use RF, = 1.2, RF, = 2.3,

and RFcbd = 1.25.

AN
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(
E\ 2.5 m—»
=
( TSy Sy =0.5m

5m ( T
T
(= vy = 15.7 kKN/m3
C~ A
C__>

y ™

Y> = 18 kN/m?3
b5 = 22°
c’> = 28 kKN/m?2



o) ikl Jalaa a0 1 J oY) 3 ghadll

K, = tan®| 45 d;‘ = 0.26

vy = 15.7 KN/m3
) =36°

r—

I gad) (_;é sUana ?Gj



A5l 5 8 alan) g caliudall e ddlisall ala) = 43 3 gladld)

T, = ultimate tensile strength . e
RF,; = reduction factor for installation damage e A eUad]
RF_, = reduction factor for creep

RF.4 = reduction factor for chemical and biological degradation RF., 1 1-2.0
L RF, 24
yasll e S5 a8 il A ) el 5l 230l 25a 5 Lo RFcng -1
Select a geotextile fabric with an allowable tensile strength, T, (Ib/ft Jguall (3 (hara o8] Lgnzan
or kN/m).

1 et 52.5 /

T — — —
W RFy X RF., X RF,y 1.2X25X1.25




Sy =

With FS 5, = 1.5
/

o f

UAJ\.@_\A.\SJ d\j.mj‘éo\.bu MSJ\ d‘j.mj‘ |22 L.é
Adlide glas) o dadll o3 cand o) u Ll



With FS ;) = 1.5 a

14

Sy = (15.7)(2) (0.26) (1.5) 14 m
AG=4m )

V= 157) (4)1(?).26)(1.5) =il
M)

Sy - = 0.46 m

~ (15.7)(5)(0.26) (1.5))



So,use Sy =05mforz=0toz=5m

GA—z.S m———
>
\ Sy=0.5m
5m (\

Y = 15.7 kN/m?3
¢ = 36°

77777

Y> = 18 kN/m3
b5 =22°

apisoll dawaiall paud) duoualS Ul il =
au ITY) aioy C2=28 kN/1112




Length of each layer of geotextile from the formula

L=1 +1 o s s
’ € friction angle at geotextile-soil interface
= ¢ o
tan| 42 .
2 ‘\ 20 tandy

Lein Gaadlill pedas o) 28 asY el 3oLl cil€ 5 Juadl (IS LS cal ) LalS



o 3 le s Jlgad) L8 Jaxa
M'&J 9 [ C.-,é
(H — 72) }Sv(a'[FS(m]/' 15 51.3 on
: 2 tan o,
/ >

0.51 ¢, = friction angle of the granular backfill

H=5m,S,=0.5m

For FS(p = 1.5, tan ¢}, = tan[(2) (36) | = 0.445, and it follows that

L= (0.51)(H — z) + 0.438Sy,

Aalaall Canti QL8 Y1 ) sachy Uil Lo a2



Atz=05m: L= (051)3S — 0.5) + (0.438)(0.5) = 2514 m
Atz=25m: L= (051)5 — 2.5) + (0.438)(0.5) = 1.494 m

So, use L = 2.5 m throughout.

\\\\“‘“\“\‘
3 .. 2 2 .
A aodl dGwaid)l paud) diouals Ul aiall 1 W e
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Determine the lap length, /,, from
SVOc’IFS(P)
4o/ tan ¢

The minimum lap length should be 1 m (3 ft).

1[=

= v2K,, FS(p) = 1.5; with o, = y,2, o = d), So

axiaodl dwaidll puud) droyalK il ainul




" SyKLFSip] — 51(0.26) (1.5)
- 4andp 4an(3)36)]

= 0.2198y

S0, use l,




A C S ey
 —
Q\ 25 mm—»
S m ( -
g § Sv=0.51
(T
( § 2;1’1 z ;207 KN/m3

VYo =
> = 18 KkIN
4 / 3
¢2 e m
(__I
5 S
28 KIN/m?=2



JExternal Stability : Check the factors of safety against
overturning, sliding, and bearing capacity failure .
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Example 13.6

Consider the results of the internal stability check given in Example 13.5. For the
geotextile-reinforced retaining wall, calculate the factor of safety against overturn-

ing, sliding, and bearing capacity failure.

axiaadl dAwaiall pand) droualK Ul aiall
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A C S ey
 —
Q\ 25 mm—»
S m ( -
g § Sv=0.51
(T
( § 2;1’1 z ;207 KN/m3

VYo =
> = 18 KkIN
4 / 3
¢2 e m
(__I
5 S
28 KIN/m?=2



Factor of Safety Against Overturning

2

W B L

ES (overturning) = 12 = MR = ylH * 5
o

2
4] = mo
3

W, = (5)(2.5)(15.7) = 196.25 kN/m



Factor of Safety Against Overturning

LZ
%% — — —
ES (overturning) = 12 = MR ylH " 2
o) =mo
3
X = y 1 m

] | o
P, = E’szKa - (5)(15.7)(5)“(0.26) = 51.03 kN/m




Factor of Safety Against Overturning

LZ
Wxi  =MR =vH=*—

FS (overturning) — H 2
(Pa)( ) = MO

3

(196.25)(1.25)
N = 2,88 <3
(overturning) 51 03(5/3)

(increase length of geotextile layers to 3 m)




Factor of Safety Against Sliding

W.tan(%rj),') W, =y,*Hx*L

B

a

FS (sliding) —

(l96.25)[tan(§ X 36)]

= = 1.71 > 1.5 — O.K.
51.03

axis0Jl awsia)l paud) droualK DI &iall




Factor of Safety Against Bearing Capacity Failure

1
u — CéNc S = :2-72 L2 N'y

Givem: 7= 18N, = 25m, ¢ = J8KNI, and 6 = 20", From Tale 4,
.= 1088, and = 113



|
gu. = N, + 572 L, N,

q. = (28)(16.88) + (%-)(18)(2.5)(7.13) ~ 633 kN/m’

g, 633 633
ow vH  (157)5)

= 8.06 > 3 — O.K.

F S(_bearing capacity)



139 A retaming wall with geotextile remtorcement 1s 6-m high. For the granul

dl

backfill, v, = 15.9 kKN/m® and ¢; = 30°. For the geotextile, T;; = 16 kN/m. For t
design of the WE\l”, determine Sy, L, and [, Use FSig) = FSp = 1.5,

aiaodl dwsaid)l paud) duoualK DI il

1C



rilad) i) Jalea a1 J6Y) 3 gkl

/ . 300
9 (bl =lan’(45°— J

K, = tan“| 45 2
2 = 0.333
i) (8 slana g 9) 3
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A5l 5 8 alan) g caliudall e ddlisall ala) = 43 3 gladld)

f

uef

Iy =
RF;y X RF,, X RF_ 4

\
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Ty
[
{ (YnzKa)[FS(B)> s

L1\

PEIERK
= H

16 l

- 15.9%6x0333 1.5
=0.335m

axis0Jl awsia)l paud) droualK DI &iall




(H — 7) " SyK[FSp)]

4 2 tan ¢,
tan (45 + %‘-) Pr

I =

xF.S.p 7

|
(—

L=(H —:)xc0l(45°+£-}+ By Xy
2) 2xtang,

30° ) N 0.333x0.335
2x tan 20°

x1.50

= 6xcot(45°+

=3.47+0.23
=3.70 m

axis0Jl awsia)l paud) droualK DI &iall




Determine the lap length, /,, from

SyoFSp)

] i
" 40’ tan )

The minimum lap length should be 1 m (3 ft).

l, = S"K“, X F.S.pm
4tan(¢/)
_ 0.335x20.333 1.50
4 x tan( x30°)
3
=0.115m

axis0Jl awsia)l paud) droualK DI &iall




13.10 With the Sy, L, and [, determined in Problem 13.9, check the overall stability (i.e.,
factor of safety against overturning, sliding, and bearing capacity failure) of the
wall. For the in situ soil, y, = 16.8 kKN/m?, ¢5 = 20°, and ¢; = 55 kN/m?

diaall Awaid)l paud) daoualK DI ainll




Factor of Safety Against Overturning

Wix, _
FS (overturning) — l }11 = MR — l 2
(P,) )— MO Pa = Ka
a 3 2
g=1x15.9x62x0.333 6
) M, =95.4x=

=95.4 kN/m =190.8 kN-m/m



LZ
Wit = MR =y H x—

FS (overturning) H ")
PN =
of?)

>
-

3.7

2
=653 kKN-m/m

M, =159%x6x




Factor of Safety Against Sliding

W,tan(%cl),' )

P

a

FS (sliding) —




15.9x6x3.‘7xtan(§ x30°)

FS.= P

15.9%6x3.7x0.3639
95.4

128.44

954
=1.35

axis0Jl awsia)l paud) droualK DI &iall




Factor of Safety Against Bearing Capacity Failure

, 1
u — C2Nc S = 572 L2 N'y

by = 20°, dead os

axis0Jl awsia)l paud) droualK DI &iall




1

u — CéNc T 5’)’2 L, N‘Y

Qun = 55xl4.83+%x3.7xl6.8x5.39

=983.2 kKN/m’

SO
<1\ .\‘\
nu‘l\“‘\““
v N
N
- N
o o £
3
-
AN
It :lz
' A
=
—
—
=
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q.
O (H)

F S(bearing capacity) —

~ 983.2

15.9%6
=10.3

FS..

axis0Jl awsia)l paud) droualK DI &iall
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Example 14.1

Figure 14.10 shows a cantilever sheet-pile wall penetrating a granular soil. Here,
L,=2m,L,=3m,y= 159 kN/m’, y_, = 19.33 kN/m’, and ¢’ = 32°

a. What is the theoretical depth of embedment, D?
b. For a 30% increase in DD, what should be the total length of the sheet piles?

¢. What should be the minimum section modulus of the sheet piles? Use
o, = 172 MN/m?.
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Dredge line

Sand
¥sat

':i;.i



K, = Rankine active pressure coefficient = tan*(45 — ¢'/2)

K, = Rankine passive pressure coefficient = tan*(45 + ¢'/2).

: 32
: — tan2(45 d; ) = tan2(45 ) = (.307

' 32
, — tan2(45 | f)—tanz(45+ )-3.25




The intensity of the active pressure at a depth z = L, 1s

0-; = yLlKa

o, yL,K, = (15.9)(2)(0.307) = 9.763 kN/m?




o, = (yL, + Y'Lz)Ka

where y' = effective unit weight of soil = yg, — V...

(YL, + y'L)K, = [(15.9)(2) + (19.33 — 9.81)(3)](0.307) = 18.53 kN/m*

—




Sand
L, s
Water b’
____359@5____}___ _.e=0_ | ____
- L Sand v
‘Ysal <
L ¢
2 c’'=0
P
Dredge line ¥ W
7 A "‘f e e e e o e, e o S o e e o
i s L Slope:
AT o R 1 vertical:
K3 (Kp . Ku)y’
horizontal
D | 4 z
L, Sand
,/ <, TR Ysat
-1 LS ¢'
Y Y Y G =0

(a) (b)



The net pres;ure, o' equals zero at a depth L; below the dredge line,

(:_L)=L3= - M\'&Jﬂ‘wgﬁ

¢
(1933-98D)(325—0307)



L of ' | ' | SO,
EOIL] = (TIL.?. =i 5((7:’_)_ = (T])Lz S 5(72L3

P = (§)(9.763)(2) + (9.763)(3) + (£)(18.53 — 9.763)(3)
+ (£)(18.53)(0.66)
= 9.763 + 29.289 + 13.151 + 6.115 = 58.32 kN/m

JCEN daliwe Gl



Sand
L, > X
Water &'
____359@5____}___ _.e=0_ | ____
- L Sand v
Ysat <
L ¢
: c'=0
P
Dredge line ¥ ¥
 PEETaOE Al 2 [T
i s L Slope:
s L 1 vertical:
K3 (Kp . Ku)y’
horizontal
D | 4. r z
L, Sand
,/ < T Ysal
-1 LS ¢'
Y Y Y G =0

(a) (b)



_ 3Mp 1 [9.763(0.66 3 + 2) +29.289(0.66 +3) -
7 S — — Lo 1T
P 5832+ 13.151(0.66 +3) + 6.115(0.66 X 3)
At point E

0-; == (YLI T Y’LZ)K/) e 3 Y'L3(Kp o Ka)

(YL, + Y L)K, + ¥y Ly(K, — K,) = [(15.9)(2) + (19.33 — 9.81)(3)](3.25)
+ (19.33 — 9.81)(0.66)(3.25
— 0.307) = 214.66 kKN/m*



Sandi
A
¢I
L e=0__1 .

Sand v

‘Ysal <

¢I

Slope:

1 vertical:

(Kp 3 K“)'Y’

horizontal
Sand
Ysat
¢I

(b)



!
Os

A

K.)
= ’(Kp_.
! 8P | )
; i
= I(Kp - K ] Ka)
AZ ) ¢ zzyl(Kp K)z
= YK, - K,
A3 —

¢+ 4P)
P(6-z.0'5 +K )2
= YK, - K,
4




/
05

A =

YK = K)
. O 214.66 -
v(K, — K,) (1933 —9.81)(3.25 — 0.307)
e 8P
* YK, -K)
8)(58.32
8)( ) = 16.65

(19.33 — 9.81)(3.25 — 0.307)



6P[2zy'(K, — K,) + o}]
A, = : :
’ YK, —K)

(6)(58.32)[(2)(2.23)(19.33 — 9.81)(3.25 — 0.307) + 214.66]
(19.33 — 9.81)*(3.25 — 0.307)°

P(6zos + 4P)
y’z(K[r = Ku)2

_ 58.32[(6)(2.23)(214.66) + (4)(58.32)]

A, =

(19.33 — 9.81)%(3.25 — 0.307)°



L44 + A1L43 — Asz s o A3L4 A A4 — O
Ly + 7.66L; — 16.65L; — 151.93L, — 230.72 =0; L, ~ 4.8 m

fedall Al 5ok e Aabeall o34 Ja

Dtheory — L3 =+ L4 = (.66 + 4.8 = 5.46 m



Part B
The total length of the sheet piles 1s

Li+L,+13(L;+ L) =243+ 13(546) = 12.1 m

dwiaoll Awaidll paud) droual§ I aiall



The maximum moment will occur between points £ and F'.

Sand‘
N :
b’ '
v __€¢=0_ | _ ____
Sand v
YSal <
(bl
c'=0
P
Slope:
1 vertical:
(Kp T K‘,)'Y’
horizontal
Sand
‘Ysul
(b'
Se—— .y =)

(b)



. 2P _
z = \/(K Ky Point on?\ro Shear
F

p a

magnitude of the maximum moment

Muw = P + 2') — 372K, — KJIG)



§ = section modulus of the sheet pile required per unit length of the structure
o, = allowable flexural stress of the sheet pile
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| >p ! (2)(58.32) _
< \/ (K, — K,)y \/(3.25 03071933 - 981) 4"

M 05

= 1 :
Pz+2Z)— [-z-y’z'z(Kp — K"):I% = (58.32)(2.23 + 2.04)

2.04

[( )(19 33 — 9.81)(2.04)%(3.25 — 0307)] 3

= 209.39 kN - m/m



M. 209.39kN - m

= 1.217 X 10 m*/m of wall
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Special Cases for Cantilever Walls Penetrating a Sandy Soil

Sheet-Pile Wall with the Absence of Water Table
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Sand

Y
¢I
T P
Sand
Y v
d)'




Example 14.2

Redo parts a and b of Example 14.1, assuming the absence of the water table. Use
y =159 kN/m’ and ¢' = 32°. Note: L = 5 m.
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K, = Rankine active pressure coefficient = tan*(45 — ¢'/2)

K, = Rankine passive pressure coefficient = tan*(45 + ¢'/2).

: 32
: — tan2(45 d; ) = tan2(45 ) = (.307

' 32
, — tan2(45 | f)—tanz(45+ )-3.25




o) YLK, = (15.9)(5)(0.307) = 24.41 kN/m?

(5)(0.307)

=325 — 0307 O>4lm
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f

U5

YLK, 4 yLyK, ~ K,) = (159)5)3.25) + (15.9)0.521)(3.25 - 0.307)
= 280,76 kKNin!



p Lol +io,= oL+ L) = (045 +052) = 6138 kN




L(2K, — K,)  5[(2)(0.307) + 3.25]

= = 2.188 m
3(K,, — &) 3(3.25 — 0.307)

Z

W e w— — —V— — —V— — — —— — — —




T

Al =
' (K, — K,)
3P
A} = B
K, — K,
N 6P[2zy(K, — K,) + 03]
’ yz(Kp o Ka)2

. P(6zos + 4P)
YK, — K,




T B 282.76
YK, — K,  {15.9)3.25 — 0307

At OF (8)(67.38)
5 — —
(K, — K,) ~ (15.9)(3.25 — 0.307)

6P [ZZY( p a) t 05]
Y (K, = K,)

(6)(67.'38)[(2)(2.188)(15.9)(3.25 - 0.307) + 282.76]
(15.9)(3.25 = 0.307)°

A1 = = 6.04

A=

= 11.52

=90.01



= P(6zo0< + 4P)
"=
VAE, — K.Y

(67.38)[(6)(2.188)(282.76) + (4)(67.38)]
= = 122.52
(15.9)*(3.25 — 0.307)




Ly

Li+A/L} — AL — AL, —A] =0
L+ 6.04L; — 11.52L7 — 90.01L, — 122.52 =0; L, ~ 4.1 m

Dy =L+ L, =0521 +4.1~4Tm

theory



Total length, L + 1.3(Dyeory) = 5 + 1.3(4.7) = 11.11 m

dwiaoll Awaidll paud) droual§ I aiall




JFree Cantilever Sheet Piling




Example 14.3

Refer to Figure 14.12. For L = 5 m, y = 17.3 kN/m’, ¢’ = 30°, and P = 30 kN/m,
determine:

a. The theoretical depth of penetration, D
b. The maximum moment, M, ,, kKN-m/m
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' 5 30
Kp=tan245+¢; = tan“{45 + —| =3
2 2
¢’ 30\ 1
— 2 — — = 2 — A
K, = tan (45 2) tan (45 2) 3

K, — K,=3— 0333 = 2,667
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i _ | 8P ]DZ—P 12PL ]D [ 7
YK, = K)) YK, = K,) YK, = K,)
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8P ] (12l | [ 2P
K, — K.) YK, — K,). YK, — KJ)_
8P _ BB _
¥K, — K) (17.3)(2.667)
2PL _ (12B06) _ .,
vK, — K) (173)(2.667)
2P (2)(30) s

YK, — K)  (17.3)(2.667)




D* — e )]1)2 -

D* — 52D — 39D — (13)* =0

Y

12PL 5 7 S
K, - K, YK, — K,)

P P =

From the preceding equation, D = 4 m



dwiaoll Awaidll paud) droual§ I aiall

(2)(30)

(17.3(2.667)

1.14 m



(K, — K,)
6
(17.3)(1.14)*(2.667)

6
= 1842 — 11.39 = 173kN-m/m

M. =PL+7Z7)-

= (30)(5 + 1.14) —



Ooal oA 13 Leslua dlia (alh gl

WK, — K)D"— 2P
2D(K, — K,)y
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