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Lateral Earth Pressure

Lateral Earth Pressure depend on:

*The unit weight of the soil (natural soil or backfill)

*"The type and amount of wall movement, (deformation)

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

*The drainage conditions in the backfill.



Three type of lateral earth pressure:

At-rest earth pressure

Active earth pressure

Passive earth pressure.




At-rest earth pressure

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
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Height = H




Active earth pressure

The wall may tilt away from the soil that is retained (Figure 7.1b). 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.




passive earth pressure

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.
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Lateral Earth pressure

Consider the following conditions:

Vertical wall of height H,
Retaining a soil having a unit weight of y
Uniformly distributed load

The shear strength of the soil is:

§ =" + g'tan ¢’
where
¢’ = cohesion

¢' = effective angle of friction
g’ = effective normal stress



Lateral Earth Pressure At-rest

@ (b)




Lateral Earth Pressure At-rest

At any depth z below the ground surface, the vertical subsurface stress is:

o, = + yI

If the wall is at rest and is not allowed to move at all, either away from the soil mass or into the soil
mass the lateral pressure at a depth zis:

Ty — H,gﬂ'; + U
where

I = pore water pressure
K_, = coefficient of at-rest earth pressure



Lateral Earth Pressure At-rest
For normally consolidated soil, the relation for K, (Jaky, 1944) 1s

K,=1-sm¢'

For overconsolidated soil, the at-rest earth pressure coefficient may be expressed as

(Mayne and Kulhawy, 1982)
K, = (1 — sin ¢")OCR "%

where OCR = overconsohdation ratio.



The total force (Po), per unit length of the wall can be obtained

from the area of the pressure diagram is:

P,=P + P =gK,H + IyH*K,
w here

P, — area of rectangle 1
P, = area of tnangle 2

The location of the line of action of the resultant force, P,. can be obtained by taking the
moment about the bottom of the wall. Thus,

H H
Pl =)+ Pl =
__A(5) - ~(5)
L = P,




Lateral Pressure Theories

Rankine Theory ( Frictionless walls)

Coloumb Theory
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* Rankine Theory (Frictionless wall)
= Active pressure
= Passive pressure

* Coloumb Theory
= Active pressure
= Passive pressure



Rankine Theory

Rankine Active Earth Pressure:

 if a wall tends to move away from the

soil a distance AX as shown below.
* The soil pressure on the wall

at any depth will decrease.

* With AX > 0, g;, will be less than

{(K, o,)} at rest pressure
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Active lateral pressure:

P r 2 qbll 2 l'?f'.r
T, = , tan (45 ey i 2c' tan| 45 — ) For c-6 soil
=LK, — 2c'V K,

e
where K, = tan’(43 - ¢'/2) = Rankine ~active-pressure coefficient. T T

The variation of the active pressure with depth for the wall _ —

. . . . . _ PI'J
shown in previous slide is given here . i
__ X
Where: & =
YV K,

z.. the depth 1s usually referred to as the depth of tensile crack

e




Active lateral pressure:

»The total Rankine active force per unit length of the wall (p,) before
the tensile crack occurs is:

= LHK, - 2'HVK,

* After the tensile crack appears, the force per unit length on the wall
will be caused only by the pressure distribution between depths z=z_

and z=H, and its: | —
Fa = :{” - :c)(?”hu - JI’.‘W‘IKH}




Active lateral pressure:

* For granular soil (c=0)

o= cr;mnz(ilﬁ —~ %)




How much the movement of wall in active condition:

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

**For cohesive soil backfills: Ax=0.01H to 0.04H



Example:

* A 6-m-high retaining wall is to support a soil with unit weighty = 17.4
KN/m3, soil friction angle ¢’ = 26°, and cohesion ¢’ = 14.36 kN/m?,
Determine the Rankine active force per unit length of the wall both
pefore and after the tensile crack occurs, and determine the line of
action of the resultant in both cases.

e Reference: Das, B.M. (2010). Principles of Foundation Engineering, 7th ed., CL Engineering

* Note: you can find this reference on CIVILITTEE web site in FOUNDATION ENGINEERING
course.




Solution

For ¢" = 26°,
K, = tanz(dlﬁ — %) = tan3(45 — 13) =039
VK, =0.625
a,=yYHK, — 2c'VK,
Atz=0 ©oi=—20VK, = —2(1436)(0.625) = —17.95 kN/m’

and at z = 6 m,
o, = (17.406M0.39) — 2(14.36)00.625)
= 40.72 — 17.95 = 22.77 kN/m’”
Active Force before the Tensile Crack Appeared: Eq. (7.10)

P, =1 yH*K, — 2c’HVK,
= 1(6)(40.72) — (6)(17.95) = 122.16 — 107.7 = 14.46 kN/m

The line of action of the resultant can be determined by taking the moment of the area
of the pressure diagrams about the bottom of the wall, or

Pz — (122.16)@) - (1{”-”@)

24432 — 323.1 _
14.46 B

Thus,

— 545 m.

E:

Active Force after the Tensile Crack Appeared: Eq. (7.9)
2t 2(14.36)
T VK, (17.4)(0.625)
Using Eq. (7.11) gives

= 2.6 m

P, =3H — z)(yHK, — 2cVK,) = 3(6 — 2.64)(22.77) = 38.25 kN/m

Figure 7.6¢c indicates that the force P, = 38.25 kIN/m is the area of the hatched triangle.
Hence, the line of action of the resultant will be located at a height T = (H — z.)/3
above the bottom of the wall, or

6 — 2.64
E=f=l.12m ]



A Generalized Case for Rankine Active Pressure

* Granular Backfill

* general cases of frictionless walls with
inclined backs and inclined backfills.

e The granular backfill is inclined at an
angle a with the horizontal.

Frictionless \_ -
wall




A Generalized Case for Rankine Active Pressure

* The lateral eath pressure at a depth z can be given as (Chu, 1991):

- yzcosaV'1 + sin® ¢’ — 2sing’ cosi,

Ty —

| — —
cosa + Vsin“¢' — sin- @

S10 ¥

where r, = sin "( _ ) — o + 26.
sim b’




A Generalized Case for Rankine Active Pressure

* The pressure ¢ , will be inclined at an angle B with the plane drawn at
right angle to the backface of the wall, and

L I( sindgd" sin s, )
B’ = tan

| — sing' cosuyr,

The active force P, for unit length of the wall then can be calculated as

| ,
P, = 5 yHK,

where

cos(a — ﬂ]"‘ufl + sin‘g’ — 2sing’ cos i,

K, =

EDEEHILCD:;EE + VWsinid' — Sj.llzﬂ.‘:l

— Rankine active earth-pressure coefficient for generalized case



A Generalized Case for
Rankine Active Pressure

* The location and direction of the
resultant force P, is shown in Figure
below. Also shown

* in this figure is the failure wedge, ABC.

Note that BC will be inclined at an angle
N
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Granular Backfill with Vertical Back Face

* As a special case, for a vertical backface of a wall (thatis,0 =0), as
shown in the figure:

* |f the backfill of a frictionless retaining wall
IS a granular soil and rises at an angle a with
respect to the horizontal

* The active earth-pressure coefficient =

y S = )
cos — \ Cos” a—cos” ¢

K, = cos o

cosa + Vcos'a—cos® @'

Table 7.1 presents the values of K, (active

earth pressure) for various values of a
and ¢. (Next slide)




Table 77 Yalues of K,
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Granular Backfill with Vertical Back Face

e At any depth z, the Rankine active pressure may be expressed as:
o, = YIK,

Also, the total force per unit length of the wall 1s:
P, =3yH*K,

Note that, in this case, the direction of the resultant force p,, is

inclined at an angle with the horizontal and intersects the wall
at a distance H/3 from the base of the
wall.



Vertical Backface with (c’-¢ ) Soil Backfill

* For a retaining wall with a vertical back (6 = 0) and inclined backfill of
(c’-¢) soil.

F

o, = yIK, = yzK cos «x
where

§ L.
- ' .
2cos @ + 2(—){‘&5 b’ sin '

Yi

4 , — —
|I ] 5 ¥ » .:.r B ¥ ':If + -
— 1.,\.' |:4Cl}5_ﬂ:l{‘l:ﬂ~i' ax—cos- ¢") + 4(—) cos” ¢" + S(_){‘DH' o sin " cos Ltv']
| I ¥Z '
b, ] &



Vertical Backface with (c™-¢ ) Soil Backfill

* Some values of k' are given in Table 7.2.
* For a problem of this type,
* the depth of tensile crack is given as:

Lo =

Table 7.2 Values of K

2" |1 + sin g

¥ 1"-.'II 1l — sim g’

¢
¥z
¢’ [deg) « (deg) 0.025 0.05 0.1 05

15 0 0350 0512 0435  -0179
5 0566 0525 0445 -0.184
10 0.621 0571 0477  —0.186
15 0776 0683 0546  —0.19
20 0 0455 0420 0350  -0.210
5 0465 0429 0357 -0.212
10 0497 0456 0377  -0.218

15 0367 0514 0417 -022
25 0 0374 0342 0278  -0.231
5 0381 0348 0283  -0.233
10 0402 0366 029  -0.239
15 0443 0401  0.321 —0.250
30 0 0305 0276 0218 -0.24
5 0309 0280  0.221 —0.246
10 0323 0292 0230 -0.252
15 0350 0315 0246  —0.263




Example:

Refer to the retaining wall in the figure The backfill is granular soil. f;«‘f
Given: A
Wall:  H = 10t |
f = +10°
Backfill: &= 15° t ~
¢ = 35° " .‘f L Failure
¢ =0 ' wedge
y = 1101b/fi®

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




Solution

” (¢) w2 ( ;) 15+ (2)(10) = 31.82°

cos(a — H}’\.—‘“(l + sin” ¢’ — 2 sing’ cos ¢,
CDSEH(EDEE + "v"{sinlqb' — sin’ crj
cos(15 — 10)V1 + sin? 35 — (2)(sin 35) (sin 31.82) — 059
c:us.]]l](cr:-slﬁ + Vsin? 35 — sin’ 15)
P, =V yH*K, = (%) (110)(10)*(0.59) = 3245 Ib/ft

o sin ¢ sin i, R (sin 35) (sin 31.82) B
B = tan (l — sin qb'n::nsq.’ra) - tan [1 — (sin 35) (cos 31.82) | 30.5°

The force P, will act at a distance of 10/3 = 3.33 ft above the bottom of the wall and will
be inclined at an angle of +30.5" to the normal drawn to the back face of the wall. u



Lateral Pressure Theories
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Lateral Earth Pressure Due to Surcharge

The theory of elasticity is used to determine the lateral earth pressure on unyielding retaining structures
caused by various types of surcharge loading, such as line loading and strip loading

I: B -l —
Line load g/ unit length
e N
S : y
Ld
Fa
,
,
. P
H ’ /
*

For line g a’b Forh B E_ . )
oading 7~ T (2 1 p)? surcharge 7 = W(H— sinfj cos 2a)



* The total force per unit length (P) due to the strip loading only:

q
P = E[H{ﬁz — )]

6, = m—(‘*’—) (deg)

(:‘I - f:-)
B, = tan™ (deg)




Lateral Earth Pressure Due to Surcharge

The location z of the resultant force, P, can be given as:

=
i,

H— |:H]'|;'H: — Hl] LE {_E — 'Q} — 573a'H |
2H (6, — 0,)

(a" + B0 — ;)
B0 — 6)

D =
|



Example:

Example 7.8

Refer to Figure 7.14b. Here, a" = 2 m, »" = 1 m, g = 40 kKN/m~, and H = 6 m. Deter-

mine the total force on the wall (kIN/m) caused by the strip loading only.
Solution From Eqs. (7.35) and (7.38),

1
= tan [ — )] = 9.46°
ﬂl n (E)

0, = tan—l(zz%) — 26.57°

From Eq. (7.34)

_4g _ 40 _ 4= :
P = o5 [H (62 — 81)] = 55 [6(26.57 — 9.46)] = 45.63 kN/m

Example 7.9

Refer to Example 7.8. Determine the location of the resultant Z.

Solution
From Egs. (7.38) and (7.39),

R = (a" + b')N90 — &) = (2 + 1)(90 — 26.57) = 570.87
Q = bB'H90 — 8)) = (1)(90 — 9.46) = B0.54

From Eq. (7.37).

- [Hz{ﬂg — 6,) + (R — Q) — 5?.3.::'H]

2H (ﬂ] - ﬁ]}
e [{5)2(26.5? — 9.46) + (570.87 — B0.54) — (57.3)(2) [ﬁ]] N
- (2)(6) (26.57 — 9.46) -

304 m



Rankine Passive Earth Pressure

op = g;mnf(ctﬁ + =

, ¢’
= tan?( 45 +
aﬂ( ’

ti]
2

[

) + 2::’tzu1<45 +

o, = oK, + 2c"™NV K,

qb"
2

)

» — Rankine passive earth pressure coefficient

Direction of
wall movement

45
K

N M A
: J_.,?‘i._;_. S T e <

¥ -
7 /"\ Rotation about

’ this point (a)

-6 N . i _%



Rankine Passive Earth Pressure

* The passive force per unit length of the wall can be determined from
the area of the pressure diagram, or

P =yHK, + 'HVK, | \

le— K, vH + 2¢'VK, —>|
(c)

Rankine passive pressure



Rankine Passive Earth Pressure

 Rankine Passive Earth Pressure: Vertical Back face and Inclined
Backfill

> Granular Soil
For a frictionless vertical retaining wall with a granular backfill (c'=0) the Rankine passive
pressure at any depth can be determined in a manner similar to that done in the case of active

pressure.

o, = ¥YIK,
and the passive force is
P, =syH K,
where
/ . ] .
cos o + VWoosTa — cost g

K_ = cos o ; = =
' cos a¢— N cos- o — cos” ¢’



cos a + Vcos?a — cos? P’

K

— CO5 &

. cos a—Vcos? a — cos? ¢’

Table 78 Passive Earth Pressure Coefficient K, [from Eq. (7.67)]

&' (deg)—
ba (deg) 28 30 32 34 36 38 40
0 2.770 3.000 3.255 1.537 1.852 4204 4.509
5 2715 2043 3.196 31.476 31,788 4.136 4.527
10 2.551 2.T15 3.022 3.205 3.598 3.937 4.316
15 2284 2.502 2,740 3,003 3.203 3.615 3977
20 1918 2.132 2.362 2.612 2 BR6 1.189 1.526

25 1.434 1.664 1.894 2.135 2.394 2676 2987




Rankine Passive Earth Pressure

»>c-¢ soil
If the backfill of the frictionless vertical retaining wall is a ¢’-¢ soil (see
Figure 7.10), then

0, = YK, = y1Ki cosa

where
¢ ”
- 1 A AT
2eosa + 2| — Jcos ' sind
) | VI
ﬁ.h:—?éi ; Ry ~ -
cos™ ' : g cy o, I
+v4mfmwra—mf¢ﬂ—4(—)mrﬁ—8(—}mnmn¢ﬂmﬁ
V2 ¥



The wariation of K[ with ¢'.a. and c'f/yz i1s given in Table 7.9 (Mazindrani and
Ganjali. 1997).

Table 79 Values of K;,

' fyz
" (deg) a (deg) 0.025 0.050 0. 100 0.500
15 h 1.764 1.829 1.959 3002
3 1.716 1.783 1.917 2.971
10 1.564 1.641 1.788 2. 880
15 1.251 1.370 1.561 2. 732
20 O 2111 2. 182 2325 3.468
5 2.067 2.140 2285 3.435
10 1.932 2.010 2. 162 3.339
15 1.696 1.786 1.956 3.183
25 l:l 2.542 2.621 2. TT8 4.034
S 2,499 2578 2737 3.900
10 2368 2.450 2.614 3. 805
15 2.147 2.236 2.409 3.726
30 0 3.087 3. 173 3.346 4.T732
5 3.042 3. 129 3.303 4.674
10 29007 2.996 3.174 4.579

15 2.684 2777 2961 4.394




Pi.!' T |

Coulomb’s Active scive | =T T
Earth Pressure oree

Wall movement
away from C
— 50l i At

* Coulomb proposed a theory for
calculating the lateral earth
pressure on a retaining wall with

granular soil backfill. This theory =+ B—a
takes wall friction nto
consideration.

¢ Back face inclined at an angle f with

the horizontal, as shown in Figure.

¢ The backfill is a granular soil that - ==

slopes at an angle a with the horizontal. _T_

s Let 6 be the angle of friction between
the soil and the wall (i.e., the angle of ¥ l _ _ _Y__
wall friction). BRIV :

ﬂ|_l'.|!-ll




Coulomb’s Active Earth Pressure

* Assumptions:
e Wall friction
* The failure surface in soil mass would be a plane BC1, BC2..



Coulomb’s Active Earth Pressure

* The maximum value of p, thus determined is Coulomb’s active force
which may be expressed as:

P, = 3K, yH?

K, = Coulomb’s active earth pressure coefficient
sin” (8 + &)
fﬂn{@'+—&}ﬂn{¢“—&} :
\' sin (8—8')sin (a + B)

sin® 3 sin ( f— 5'}|:1




Coulomb’s Active Earth Pressure

* The values of the active earth pressure coefficient k, , for a vertical
retaining wall (B = 90°) with horizontal backfill (o = 0) are given in
Table 7.3.

Table 7.3 Values of K, [Eq. (7.26)] for 8 = 90° and a = 0°

& (deg)
¢’ (deg) 0 b 10 15 20 25
28 0.3610 0.3448 0.3330 0.3251 0.3203 0.3186
30 0.3333 03180 0.3085 0.3014 0.2073 (.2056
32 0.3073 0.2945 0.2853 0.2791 0.2755 (0.2745
34 0.2827 0.2714 0.2633 0.2579 0.2549 0.2542
36 0.2506 0.2497 0.2426 0.2379 0.2354 (0.2350
38 0.2379 0.2292 0.2230 0.2190 0.2169 0.2167
40 0.2174 0.2008 0.2045 0.2011 0.1994 (.1995

42 0.1982 0.1916  0.1870  0.1841 0.1828 0.1831




Tabke 74 Valuces of K [from Eq. {7.26)] for & =

F -
T ¥
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259 3 0 I.3467 D3RRGS 04362 O 4<WnE I.5547

ik D FETE I.3349 N.3T&9 O 4T45 4Ty I.5435

31 RSO B.3235 N.3655 041 3= M 4aED M.53265

32 D TS0 B.3125 03545 O = 4574 .50

33 L R B.3019 0.3439 0. 3917 O 44A0 m5117

X3 2S4S 02916 03335 O.3IELE 4367 B.5a17

35 LR S M2R1G N.3F35 O0.37T1=E I 4IAT 4919

I 2340 m2719 03137 O.3G15 4170 48524

37 o E25T 0. 2E26 .34 0. 3530 TS 4732

38 MZ1IAS 1.2535 0. 2950 0. 3427 3RS 46541

I b T ) 0.2447 O 2ES1 0. 33IFT O FESY 14553

L] 195 m.2361 O.2TT4 . 340 LIS 4468

41 191 s M22TE 0. 2GED .31 64 m3Tzl 43854

42 1840 02197 0. 2GS 0. 3E0 3637 . 4302

5 Z8 03431 03845 04311 LIRS =2 e ] 05461 DG 1940
25 39S .37 04175 0. 4707 5325 . SS565

£ ] MI1I&ES I.3578 LS D B 04575 S5 I.59265

31 . 3039 I.3451 3916 4447 ST .58

32 L e R 0.3329 D379 4374 LR L B ] M5&T7

33 D ERNE m.3211 D36TF LIS e o D 4ETS I.5558

x4 L o] | .30 7 N.3558 O 4IER o 4TaT I.5443

35 SRS M.2987 34465 0. 3FTS 4554 I.5330

I 2479 M.2ER] D.333E . FEG6 4454 m5221

37T o x3Te M2TTE D.3F3= 0375 4377 m5115

38 I EERDT 0.2ET9 03131 0. 3656 D4ZTE h.5012

E10 ] Z2IES M.2582 D.303= 0. 3556 o417 o491 1

L] s 0.2489 02937 0. 3458 T 4813

#+1 0 e R | 0.2398 O 244 03363 .39 TH M471S

42 D 19z7 02311 O.2T5E O.3Fx71 . IEE4 I.A52S5

10 28 .30z o315 ARG O.5ZET 5952 h.E34
25 I.3545 LIRS L 0.452E 0.51Z2= 5831 MGST2

£ ] 3400 .3857 D43IT6 O 4F T4 S&TH I.6516

31 . 3E59 M3713 04230 O 4EDG 5526 I.6365

32 I ] M.3575 O AaED . 4GEE 5382 ha219

33 Lt ] .34 0.395% 04545 5242 .aTE

x4 . ERAR m.3314 O.3EZX2> o441z .51a7 5942

35 IET4R I.3190 0. 3606 O4ZFE= AT I.5810

I L ] 3072 D357+ .41 5= 4849 M.56&HE2

37 5T .2957 0.3456 O 4nET D 4TI6 I.5558

38 LR ] . 2845 033472 0. 3930 4507 0.5437

I DEILE 0. 2740 0.3Zx31 0. 3807 4451 I.5321

4y R4 . 2636 N312x5 0. 3&I7T 4379 .57

41 119 0.2537 0.30x1 0. 3590 D470 .50 7

42 O HET 02441 0. 29x1 O.34E7T LR BT . 4930

15 28 S 4585 D517T3 . 5HEG6E GRS 0.7aT0

{crrmtinmed)



Table 74 {Continued)

B (dagh
@ (degl & ideg) a0 85 80 75 70 65
29 L3EA] 4397 4987 5672 6483 (L7463
30 LFT0T 4219 (4803 h.5484 G291 L7265
31 L3541 4039 O 4629 L.5305 6 1 (kG L7076
32 L3384 LIHET (44462 5133 59350 LGETS
33 L3234 L3732 435035 (b 4959 5Tal G721
24 30 L3583 41500 4211 L5598 L6554
35 L2954 (3447 (LI LE b AG5D 54472 L6393
F6 LZ823 350665 L3852 4513 5291 L6238
) (L2598 L3175 L3725 4373 5146 LRk
38 L25THE 0S50 L3595 4237 (S0 (L5945
39 L2453 2929 (34T (410G 4871 (L5805
440 L2353 LZ313 L3548 (. F9E00 (47440 05571
41 L2247 L2702 L3251 .3858 4513 05541
42 L2146 25594 L3118 h.37440 4491 5415
b 28 (LI 05205 (L S5SHN0 6714 L7 6RD (LEHR]
29 43564 4958 542 h.G6445 LR L8531
30 4142 L4728 (54035 G195 7144 =303
31 L3935 4513 L5173 591 L6ESE (B33
32 L3742 4311 LR .5741 LR T L7790
33 L3559 4121 L 4T65 .5532 (G448 L7569
34 LI3ERE L3941 4581 .5335 6241 L7351
35 L3225 L3771 (44032 5148 (o634 L7144
F6 L3071 (Sl 4233 (b 4959 L5856 G947
) L2925 L3455 4071 O 47T950 S5&TT G759
38 L2TRT (3 30E L3S b AG36 550k LGSTD
39 2554 L3168 L3768 (b 44800 L5342 LR
440 L2529 3054 35265 43351 5185 6242
41 (2 40E (25 (3450 4187 L5053 G083
42 2204 L2784 (3360 (b 4039 (L 4H8E (L5930




Table 75 Values of K, [from Eq. (7.26)] for &' = ¢'/2
B ldeg)
aldeg) &'(deg) %0 8 80 15 70 65
0 B 03264 03620 04034 0490 03011 05616
0 03137 03302 03007 04363 0488 05492
00 03014 03379 03784 04241 04764 05371
3l 02806 03260 03665 04121 04645 05253
20 02782 03145 0359 04005 04529 05137
30 02671 03033 03436 03802 04415 05025
Mo 056 0205 03327 03782 04305 04915
3I[F 0 02460 02820 03221 03675 04197 04807
36 02362 02718 03118 03571 04092 04702




Talbrke 75 (Comrinsmed)

& idegl
o {degl o {degl 20 ] 25 20 75 T &5

3T OGS 0. 2200 3017 0. 3469 0, 30 0, 4550
=3 02172 0254 0. 2900 0. 3370 0 FEB0 DR = L
I Do HE L m2431 m2ARTS N 3ITTE L T g ] 0 3=l
] LI I T m2341 m2TIE DIFL 7T L e = . 4300
41 01905 02253 2542 0. FET i FaS0 L L]
&2 D 1EZE D216E m255% L et D351 1 o477
5 28 0. 3477 HD3ETO 43T O4REET mS54FE5S malls
25 n.3337 N3TET mA1IES LI St o SZEREF o 59T
ik L0 T s ] 0300 LR T B 04556 L T I B 0 583=
=1 0. 372 0. 3470 D395 o442 i Salmr 0y 0, 55598
32 LB e o 3347 M3TET LI S ) M 4ETE 0. 554565
33 D ZEZS m3zlo L e e 0.4 165 o.4T50 0. 5437
43 LB e L] m31ma 3541 LI D LI & o531z
35 0. 254G 0. 2o 34T L e 0 4505 o S51490
13 0. Z24ES O 2ETH D330 0. 3EO08 O43FET 0, S0
37 D 2IRE 02TET 0.3 190 0. 3605 m4TTE 0 Fr54
38 o XEFRZ 0 2ET L0 T 1 e N3ISES o 10 . 4510
1=} 0. Z1ES 0. 254651 O 29ES 0. 3478 S0 0. F720
] 0. 0 02453 O 2ERT . 3FTE L e S B . S50
41 LB I e 0. 236AE M2ATEE N 3IEFTE o 3ES40 o451 4
&2 o121l 02FTG 0 2 031 7% mITIEE o410
1 28 m.3T4= DA 1ET O AaEE 05261 o SrE LIS e
L= 0. I5HE4 LIS T M45Z5 053G M.5Tal 0, 5549
Sk . 343 M3ETE 043655 0. 4955 0, 5550 MaGIES
=1 D 3ITEG M3ITEE m4Z1L7T m4TEZ o544 OoaIFES
. b 0. 3145 0. 3580 LS L | LR e ] 0. 520 LS |
33 . 301l o344 0. 3930 LI S 3o mSl4= 0. 590
43 D ZER] 0. 3300 M3TeE 04350 i, Sa 0 5775
=5 0. 2757 O.31E&1 L0 T e 04215 O HGT 055335
3 O HGIT D.305E Mm3Is534 LI o m4TET 0. 5405
) 0. 2522 0. 2935 3411 0. 3957 4557 0. 5351
38 241z D2RERTEE M 3Ter D IEEE oS40 0. 5230
3o 0. 23S marTLz M31ITG m3ITIE 04345 m.S51l=E
40k L T ) 0 2 LT T 0. 3597 D46 0O, 7o
41 2= 0. 2540 0 255 0. 34 =4 LI N L] 0 48555
42 L e 0 2400 . 2HS0 0. 3IFTS 0 I3RS 0O, F740
15 3 LI Dt ] 0 4554 5159 05812 DGaSTo 0. 7495
25 0. 300E O 40z LR R D.SaLl MGITE o TXES
E0 0. 3730 04230 A TTFT o.5419 MGE1ITS 0, D
e | 0. 35450 0S5 04595 L e o SRS 0, GEEE
32 0. 330 D.3ERO o447 0. Sns0 0 SE0E L
=3 0. 3244 0. 37TZ1 LI e e O J48EEQ O 5&ZT OaslsE
43 0 3y D.356GE L I 047G 5455 ma3I3IE
35 LB i L m34F2 M3E5= 04569 L et 0 Gl &=




Table 7.5 (Continued)

B (deg)
o (deq) & |deg) 90 85 a0 15 70 65

36 0.2821  0.3282 03807 04417 05138 0.6004

37 02602 03147 03667 04271 04985  0.5846

38 0.2569 03017 03531 04130 04838 05692

39 0.2450 02893 03401 03993 04695 05543

40 02336 02773 03275 0381 04557 05399

41 02227 02657 03153 03733 04423 05258

42 02122 02546 03035 03600 04293 05122

20 28 0.4614 05188 05844 06608 07514 08613
29 0.4374 04940 0558 06339 07232 08313

30 0.4150 04708 05345 06087 06968  0.8034

31 03041 04491 05119 05851 06720 07772

32 03744 0428 04906 05628 06486 07524

33 03559 04003 04704 05417 06264  0.7289

34 03384 03910 04513 05216 06052  0.7066

35 03218 03736 04331 05025 05851  0.6853

36 03061 03571 04157 04842 05658  0.6649

37 0.2011 03413 03991 04668 05474  0.6453

38 02769 03263 03833 04500 05297  0.6266

39 0.2633 03120 03681 04340 05127  0.6085

40 0.2504 02982 03535 04185 04963 05912

41 0.2381 02851 03395 04037 04805 05744

42 02263 02725 03261 03894 04653 05582




Coulomb’s active pressure with a surcharge on the

backfill

If a uniform surcharge of intensity g 1s
located above the backfill, as shown in
Figure the active force, Pa, can be
calculated as:

= ?'I‘KHTEHH :

T.
Eq. (7.25)

Surcharge = g
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/ Y
/ g
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Retaining wall

* In general, retaining walls can be divided into two major categories:

(a) conventional retaining walls

(b) mechanically stabilized earth walls (MSE)



Retaining wall

e Conventional retaining walls can generally be classified into four
varieties:

* 1. Gravity retaining walls

e 2. Semigravity retaining walls
3. Cantilever retaining walls

e 4. Counterfort retaining walls



() Cooenterfort wall



Stability of retaining wall:

* The structure is examined for possible:
* Overturning

* Sliding

* Bearing capacity failures.



Stability of Retaining Walls:

Failure of retaining wall:

(a) by overturning;

(b) by sliding;

(c) by bearing capacity failure;
(d) by deep-seated shear failure

B
.

_____




Check for Overturning




Check for Overturning




Check for Overturning

* The factor of safety against overturning about the toe—that is, about
point C may be expressed as:

E-JHH

Fsl:m'urlu:ni:lg] o E"ﬁr
kbl v

where

2 M, = sum of the moments of forces tending to overturn about point C
2 M = sum of the moments of forces tending to resist overturning about point C



Check for Overturning

* The overturning moment is:

HI'
E‘wﬂ — HI( q )

where P, = P, cosa.



Check for Overturning

To calculate the resisting moment, XM, (neglecting pp):

 The weight of the soil above the heel and the weight of the concrete.
* The force p, also contributes to the resisting moment
(p, is the vertical component of the active force)

P, = P, sina
The moment of the force P, about C 1s

M,=FPB = F sinaB



To calculate XM,

Table 8.1 Procedure for Calculating % M|,

Weight/unit Moment arm Moment

Section Area length of wall measured from &  about C
(1] (2) (3) (4] (5]
l A Wi=m % A X, M,
2 Az W=7y %X A, X, M,
3 Aj w:.,z"}",_-?{..-""l:., ..r:., .I‘-'f:.,
4 Ay Wy=y. % Ay X M,
5 Ax W, =y A X M.
] .|"ﬂ-.5I W.;, — ¥ > ..-""I.-_'I ..1:-.-_', .I‘-'f.-_',
P, R M,

E 1"" E JHH

( Note: v, = unit weight of backfill
Y. = unit weight of concrete)




The factor of safety can be calculated as:

FS _ 'IH| T Ml T "H,". + -'wj T Mﬁ + ME. + Mi"
(overtuming) Pd s H'ﬂ}

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




Check for Sliding along the Base

* The factor of safety against sliding may be expressed by the equation:

F::’:slidlng: -

where

% Fp = sum of the horizontal resisting forces
% F; = sum of the horizontal driving forces



Check for Sliding

* The shear strength of the soil immediately below the base slab may
be represented as:

§ =o' tan &' + ¢

where

ﬂl

C_

angle of friction between the soil and the base slab
adhesion between the s0il and the base slab



* The maximum resisting force that can be derived from the soil per
unit length of the wall along the bottom of the base slab is:

R' = s{area of cross section) = 5(B % 1) = Be' tan &' + Be!

Bo" = sum of the vertical force = X V(see Table 8.1

R = (X V)tand' + Bcg



Check for Sliding

horizontal resisting force:

% Fp = (L V)tand + Be, + P,

The only horizontal force that will tend to cause the
wall to slide (a driving force) 1s the horizontal
component of the active force p

T F

P, COsox

|
o
"
.
s
|
|
|
W
|
|
—
|
D
PI.,7(+ -
B
B I



(2 V)tand’ + Bc; + F,

P cosar

FS:.—J wding) —

we can write 6" = kb and ¢, = k.c3.

In most cases, k; and k&, are in the range from 1/2 to 2/3

(X V)tan (k,d3) + Bkucy + P,

P cosar

FS:.—J ading) —

A minimum factor of safety of 1.5 against sliding 1s generally
required




Stability of retaining wall

&
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oo Check for Bearing Capacity
| il:
| ! °
<=0 Failure
-
|
3V
! * The vertical pressure transmitted to the soil by the base
Sy 0 ! slab of the retaining wall should be checked against the
| | Py=P,co ultimate bearing capacity of the soil.
— Tﬂi / N
| |
— .
| ® Oioe AN 0. are the maximum and the

minimum pressures occurring at the ends
of the toe and heel sections, respectively.




For maximum and minimum pressures:

.lll' e
Foan = Goe = ¥ (| + ﬁfj

B B
V[ 6o
oin = Yhes = B\ 1 — T,

I

The eccentricity due moment:

B EM, - IM,
g =——
2 SV

when the value of the

eccentricity e becomes
greater than B/6
d.., becomes negative.




ES Y Ultimate bearing capacity

: B capacity) Fmax Maximum pressure of soil

g, = CiNFF; + N F o F; + 1y B' N FF,

where
q = vy:D
B =B — Ze
1 — Fy
Foy= Fpg — ——
= * " N_tan &
Foa =1+ 2tani(1 — sinc,fn:'h:ﬂ
> TS
Fog=1




Table 2.2 Bearing Capacity Factors

'#'r Hl H‘il H'I" "ﬁr H- H‘il H'F'
0 514 1.00 LR 26 X235 11.85 1 2.54
1 338 1.09 o7 X7 23.94 13.20 14.47
2 5.63 1.320 .15 28 2580 14.72 1 6. T2
3 3.5 1.31 024 29 XT.86 1644 19.34
4 619 143 .54 0 30.14 1840 2240
5 G40 1.57 .45 £ | 32.67 263 2590
G 6.81 1.72 57 32 35.49 23.138 30 XX
T T.16 1.88 UL 33 3R.64 2609 35.19
3 733 2.06 0L.36 34 4216 2944 4 1.06
o T.92 225 1.03 35 46.12 3350 48.03
10 E.35 247 .22 36 50.59 3775 56.31
i1 £.80 271 .44 37 33.63 4192 66.19
12 h! 297 | .55 38 61.35 48.93 TE.03
13 281 3.26 .97 39 &7T.87 33.96 9225
14 10.37 359 229 40 7331 ot 200 10941
15 1098 304 265 41 E3.86 T390 13022
16 11.63 4.34 J.06 42 93.71 4538 155.35
17 1234 4.77 3.53 43 105.11 9902 186.54
18 13.10 5.26 4007 B 11837 11531 2464
19 13.93 5.80 4. .68 45 133 .88 13488 XTI
200 14 .83 G4 5.39 4+ 152.10 158.51 33035
21 15.82 107 G.20 47 173.64 187.21 40367
22 16 .88 T.82 T.13 45 19926 222 31 496.01
23 1805 866 .20 459 2093 26551 G133 16
24 19.32 360 .44 =0 26689 907 TH2.ED

25 20.72 1066 10.88




Examplel:

The cross section of a cantilever retaining wall is shown in Figure 8.12. Calculate the
factors of safety with respect to overiurning, sliding. and bearing capacity.

. '_."__'_"..."__3...\_._ _1
e
1
|
|
|
|
|

I".I_. r
@
I
I .
}i=07m
e m I ¥ =10 kN/m®
&'y =HF
'y =40 kN/m®

Figure 8.12 Calculation of stability of a retaining wall



From the figure,

H = H, + H, + H, = 2.6tan 10° + 6 + 0.7
= 0458 + 6 + 0.7 = 7.158 m

The Rankine active force per unit length of wall = P, = 3y, H 2K, . For ¢/ = 30° and
e = 107, K_ is equal to (.3532. (See Table 7.1.) Thus,

P, = 3(18)(7.158)*(0.3532) = 162.9 kN/m

P, = P, sinl0° = 162.9 (sin10°) = 28.20 kKN/m

Fp = Pyoos10” = 1629 {(cos1D) = 160.43 kKMN/m

Factor of Safety against Owerturning
The following table can mow be preparsd for determining the resisting monmeent:

Weight/unit Moment armm

Section Ares length from point O Mloment
no_* ) DM ) (0] kM- i)
1 G x05=3 TO_ T4 1.15 El1.35
2 Jﬁ(ﬂ.l}ﬁ = L& 1415 833 11. 79
3 4 x0T =28 L 2.0 13204
4 G 2.6 = 15.6 2B0.EO 7 TSE. 16
5 %{2.6) (3458 = 0.595 | LR | 313 33.52
P, = 2829 4.0 113,16
Fv=470.71 113002 = ZMg

*For scction numbers., refer to Figere .12
T = 2358 KM/mMY

The ovenuming monent

o' T.158
M, = R.( ) = IEII].43( ) = 3R2.79 kN-m/m

3 3

Mg 1130.02
| = = = 295 == OK
R AL, IR TO 2,




Factor of Safety against Sliding
From Eq. (B.11),
(EV Man(k,d}) + Bk, + P,

FS (siamg) = Pcosa

P, = 1K v, + 20,VE, D

K, = tan? 45 + ‘g‘} = tan?(45 + 10) = 2.04
and
D=15m
S0
P, = H2.04)(19)(15)* + 2(40)( VZ.04) (1.5)
= 43.61 + 171.39 = 215 kKN/m
Hence,

(470.71 }tm(Lf) + {4}(%){40} + 215
S fsumag) = 160.43

111.56 + 106.67 + 215
= T = 27> 1.5 0K

Note: For some designs, the depth I in a passive pressure calculation may be taken to
be egqual o the thickness of the base slab.



Factor of Safety against Beanng Capacity Failure
Combining Eqgs. (2.16), (B.17), and (BE.18} yvields

" EMp — IM, 4 1130.02 — IB2. T

o = —— — —

2 vV 2 47071
=
&

=D_4llm'-’-..’§= = (L6566 m

Apain, from Eqs. (8.20)% and (8.21)

2 v 470,71 E & = 041 I)
e = 1 = — | = |l =— | = 132 kKIN  {toe
o e B o) 3 ] .l'rm ( )

= 45.13 lr.I!'--r,.-"m2 { heel )
The ultimate bearing capacity of the soil can b determined from Eqg. (B.22)

gy = ColM Foal; + QNG FpuFg + %Tzﬂth_rF-_rdf‘_-_rf
For ¢p) = 207 (see Table 3.3), N. = 14.83, Hq = 6.4, and Hr = 5.39._ Also,

g = D= (19) (1.5) = 28.5 kN/m*
B =8B—2e=4—-20411)=3.17T8E m

I — Fy | — 1.148
Fogy=Foyy— ———— = 1.148 — = 1.175
o ez tandy (14.83) (tan 20)
Foy=1+ 2tandi1 —sim;-;}!(ﬂ)— | +u315(£) = 1.148
L : B) ’ 3178

and

- F,,cum) - (]ﬁﬂ.ai]-)
= tan™! = tan! = 18.82°
¢ At ( =V 470.71

{ n



and
g2 -
Hence,
gy = (400 (14.83)(1.175)(0.626) + (28.5)(6.4)(1.148)(0.626)
+3(19)(5.93)(3.178)(1){0)
= 43633 + 13108 + 0 = 567.41 kN/m*
and

do 56741

ES = = =
| earing cupacity ) . 10,2

Note: FS pearing capacey) 15 €55 than 3. Some repropertioning will be needed.



Example2:
A pravity retaining wall is shown in Figure 8.13. Use & = 2/34; and Coulomb’s active
earth pressure theory. Determine

N

¥, = 18.5 kN/m?

————— Py

e s s e s s e —
B

TR

3i5m » =4

Figure 8.12 Gravity retaining wall (not to scale)



Aa. The factor of safety against overtunming
bh. The factor of safety against sliding
€. The pressure on the soil at the toe and heel

Solution
The height
Coulomb’s active force is
Fy, = tnH7K,

With & = 0°, 8 = 75°, & = 2/3¢],. and ] = 327, K, = 0.4023. (See Table 7.4.) So.
P, = L{18.5) (6.5)2(0.4023) = 15722 kN/m
P, = P.cos(15 + 3]) = 15722 cos 36.33 = 126,65 kN/m

P.o= P sin{15 + 3¢;) = 157.22 sin 3633 = 93_14 kN/m

Part a: Factor of Safety against Chwerturnimg
From Figure 813, one can prepare the following table:

Moment arnn

Area BArea Weight™ from O Moment
no. () kM) i {kN-m/m)
1 I(s57)1(1.53) = 436 102.81 218 224,13
2 (0.6) (5.7) = 3.42 BO.64 1.57 110.48
3 {027) (5.7) = 0.77 1816 0.9 1780
4 ~ {3.5) (0.8) = 2.8 66,02 1.75 115.54
P, = 9314 283 IET. 59
V¥ = 360.77 kMN/m EM ;= 731.54 kN-m/m

¥ e = 23.58 kN/m*

Mote that the weight of the s0il above the back face of the wall is not taken into account
in the preceding table. We have

Hll
Chwertuming moment = M, = Pﬁ( 3 ) = 126.65(2.167) = 27445 kN-m;/m

Hence.

_ EMg 73154
S overumingy = EM, 27445

= 2.67 > 2, 0K



Part b: Factor of Safety against Shding

We have
an;ulu.l.u!,} P,

P, = ‘KPT;LF + 2oV KD

i
24

Kp= L:mz(d-i + T) = 2.37

Hence,
P = %[2.3?} (18) {]jf + 2(30)(154)(1.5) = 18659 kN/m

S0

2 2
SEﬂ_T?Lan(E > 24) + 3(30) (35) + 186.59

FS{unteg) = 126.65
1345 4+ 70 + 18659
o 126.65 = 284
i § Pp is iegmored, the factor of safety is 1.37.
Part o Pressure on Soil at Toe and Heel
From Eqs. (B.16), (3. 17), and (8.18),
" EMR — E..H-f 35 '?3] 54 — 2T4.45 A
_ = 483 = — = (L.583
=73 360.77 &
6] (D483
q.x=— —:I 4‘ 16) (O483) H ) — 188.43 kN/m®

amd

- =%|:] __] 3:5.u7-'?rl _iB) .riu:m] — 17.73 KNjm?






Sheet Pile Walls Design



Sheet Piles

~ sheets of interlocking-steel or timber driven into
the ground, forming a continuous sheet

warehouse




Sheet Piles

~ resist lateral earth pressures

~ used In excavations, waterfront structures, ..




eet Pile At Woolcock St SIMILAR TO THOSE
AT Egyptians Gaza Border!

i T

L
-,

melnm Jus T i




Sheet Plles

~ used in temporary works




Properties of Some Sheet-Pile Sections

Section modulus Moment of inertia
Section m*/m in? /it m*/m in* /it
designation Sketch of saction of wall of wall of wall of wall

3264 = 1077 607 670.5x 10°% 4908

. PZ-40 T

409mm
(16.1 in.)

12.7 mm {05 in.)

15.2 mm (0.6 in.)
¥

1 le— Driving distance = 500 mm (19.69in) —*

PSA-31 108 » 10=* 201 441 =10"% 323

12.7 mm c% in.)

R E—

+— Driving distance = 500 mm (18.7 in.) —=



Sheet Pile Configuration Sections

U Section Z Section

|
|
i
b

Straight Section Box Section




Sheet pile wall

* Advantages

1. Conventional Wall System with Well established design procedure
& performance characteristics

2. Wall system can be used for application in which wall can penetrates
below ground water table

3. Wall system is suitable for temporary applications



Sheet pile wall

Disadvantages

1. Requires specialized equipment

2. Driven sheet pile is noisy and it can be introduce vibration
3. Difficult to drive sheet in hard or dense or gravelly soil

4. Wall height is limited based on required structural sections

5. Wall system may undergo relatively movements which may be
detrimental to nearby structure



Construction Methods

[ Construction methods generally can be divided into two categories
— Backfilled structure
— Dredge Structure

Sequence of construction for backfilled structure

The sequence of construction for a backfilled structure is as follows (see Figure 9.5):
Step 1. Dredge the in situ soil in front and back of the proposed structure.

Step 2. Drive the sheet piles.

Step 3. Backfill up to the level of the anchor, and place the anchor system.

Step 4. Backfill up to the top of the wall.

Anchor
rowd
!

Original

ground . P
surface \‘,..-" —

Step 3 Step 4
Step | Step 2



Sequence of construction for a dredged structure

Step 1. Drive the sheet piles.

Step 2. Backfill up to the anchor level, and place the anchor system.
Step 3. Backfill up to the top of the wall.

Step 4. Dredge the front side of the wall.

Anchor

.. rod
Original
ground TR S
surface : Backfill &

A ARl
| T e '—'-‘-'”

I| A . e .

Step | Step 2



Cantilever Sheet Piling Penetrating Sandy Soils

Water Ii.
table |

SR |

| Active
|

i pressure
i

Dredge

line

Passive -

pressure - |'

Active

Passive \?
pressure o Zone € Sand

. pressure
P _ ¥
(a)




Cantilever Sheet Piling Penetrating
Sandy Soills

..l.‘.

- - - Slope:
1 vertical:
(K, — Ky

horizontal
!} ___r_ __________________ _‘_____.ﬂ-_frn_:u:_____:.*
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Water il

table o' =10

— H Sand 1 \
Ve z

I b

- o' =0

F
Diredge line
.“-.# -_- .

Cantilever sheet pile penetrating sand: {a) vanation of net pressure diagram:
(b} variation of moment



Cantilever Sheet Piling

1 The mode of failure is by rotation about a point O near the
lower end of the wall

] Consequently, passive resistance acts in front of the wall
above O and behind the wall below O,

] this pressure distribution is an idealization as there is unlikely
to be a complete change in passive resistance from the front to
the back of the wall at point O

] To allow for over-excavation it is recommended that the soil
level in front of the wall should be reduced by 10% of the
retained height, subject to a maximum of 0.5 m.

A minimum surcharge pressure of 10 kN/m2 should be
assumed to act on the soil surface behind the wall.



Simplified Cantilever Sheet Piling
analysis

L The net passive resistance below point O iIs represented by a
concentrated force R acting at a point C, slightly below O, at depth d
below the lower soil surface.

L Determining the depth d by equating moments about C

 Factor of safety FS being applied to the restoring moment, i.e. the
available passive resistance in front of the wall is divided by FS

 The value of d is then increased arbitrarily by 20% to allow for the
simplification involved in the method, i.e. the required depth of
embedment is 1.2d

L Evaluate R by equating horizontal forces

O Check If net passive resistance available over the additional 20%
embedded depth is equal to or greater than R.

1 Determine the location of zero shear, and maximum moment

 Determine the section modulus by dividing the maximum moment
allowable flexural stress of sheet pile

 Select the section type (see table 9.1 for example)



General Note

I Please note this methods is also applicable for
layered soil and for pure clayey soll

JIn case of layered soil (sand above clay) its
advisable to evaluate the long term condition (i.e.
effective stress method)

1 In case of clayey soil its advisable to check both
condition

» Long term condition (effective stress approach), and
» End of construction condition (total stress approach)



Step-by-Step Procedure for Obtaining the Pressure
Diagram
Based on the preceding theory, a step-by-step procedure for obtaining the

pressure diagram
for a cantilever sheet pile wall penetrating a granular soil is as follows:

Step 1. Calculate K, and K.
Step 2. Calculate o [Eq. (9.1)] and o5 [Eq. (9.2)]. (Note: L, and L, will be given.)
Step 3. Calculate L, [Eq. (9.60)].
Step 4. Calculate P.
Step 5. Calculate 7 (1.e., the center of pressure for the area ACDE) by taking the
moment about E.
Step 6. Calculate s [Eq. (9.11)].
Step 7. Calculate A,, A,, A, and A, [Egs. (9.17) through (9.20)].
Step 8. Solve Eq. (9.16) by trnial and error to determine L.
Step 9. Calculate ) [Eq. (9.10)].
Step 10. Calculate ¢} [Eq. (9.7)].
Step 11.  Obtain L, from Eq. (9.13).
Step 12. Draw a pressure distribution diagram like the one shown in Figure 9.8a.
Step 13. Obtain the theoretical depth [see Eq. (9.12)] of penetration as L, + L,.
The actual depth of penetration 1s increased by about 20 to 30%.



Sheet pile walls 2



Cantilever Sheet Piling Penetrating Sandy Soils

Step-by-Step Procedure for Obtaining the Pressure Diagram

Based on the preceding theory, a step-by-step procedure for obtaining the
pressure diagram for a cantilever sheet pile wall penetrating a granular soil
Is as follows:

Step 1. Calculate K, and K.
Step 2. Calculate o{ [Eq. (9.1)] and o5 [Eq. (9.2)]. (Note: L, and L, will be given.)
Step 3. Calculate L, [Eq. (9.60)].
Step 4. Calculate P.
Step 5. Calculate 7 (1.e., the center of pressure for the area ACDE) by taking the
moment about E.
Step 6. Calculate s [Eq. (9.11)].
Step 7. Calculate A,, A,, A, and A, [Egs. (9.17) through (9.20)].
Step 8. Solve Eq. (9.16) by trnial and error to determine L.
Step 9. Calculate ) [Eq. (9.10)].
Step 10. Calculate ¢} [Eq. (9.7)].
Step 11.  Obtain L. from Eq. (9.15).
Step 12. Draw a pressure distribution diagram like the one shown in Figure 9.8a.
Step 13, Obtain the theoretical depth [see Eq. (9.12)] of penetration as L, + L.
The actual depth of penetration 1s increased by about 20 to 30%.



Cantilever Sheet Piling Penetrating Sandy Soils

Dredge line

Slope:

™ 1 vertical:
(K, — K )y
horzontal

P M

(a) (k)

Cantilever sheet pile penetrating sand: (a) variation of net pressure diagram:
(b} variation of moment



Let the effective angle of friction of the sand be ¢’. The intensity of the active pres-
sure at adepth z = L, is

oi = yL.K, 9.1)

where

K, = Rankine active pressure coefficient = tan’(45 — ¢'/2)
v = unit weight of soil above the water table

Similarly, the active pressure at a depth z = L, + L, (i.e., at the level of the dredge
line) is

o = (ylL, + y1L,)K, (9.2)

where ¥y’ = effective unit weight of soil = y, — VY.-
Also, the passive pressure at depth z is

op=7v'(z~- L, - 1)K, (9.4)



where K, = Rankine passive pressure coefficient = tan”(45 + ¢'/2)
Combining Eqgs. (9.3) and (9.4) yields the net lateral pressure, namely,

0'=0,-0)=(yLi+ yL)K, - ¥(z - L - L) (K, - K,
=0,y (1~ L) (K, - K,) 95)

where L= L, + L,.

The net pressure, ¢ equals zero at a depth L, below the dredge line, so
7y - L) (K, - K) =0

Or

(1-L)=L=—H 96)



Equation (9.6) indicates that the slope of the net pressure distribution line DEF 15 1 verti-

cal to (K, — K,)v' honzontal, so, in the pressure diagram,

HB =0 = LK, — K;)v'

(9.7)

At the bottom of the sheet pile, passive pressure, g, acts from the right toward the left
side, and active pressure acts from the left toward the right side of the sheet pile, so, at

z=0L + D,
op = (YL + y'Ly + y'D)K,

At the same depth,
o, = Y DK,

Hence, the net lateral pressure at the bottom of the sheet pile i1s

op — oy =0y = (yLy + vy L)) K, + yD(K, — K,)

= (yLy + Y L) K, + y'La(K, — K;) + y'Ly(K, —

= a5 + YLK, — K,)
where

o5 = (yL, + y' L) K, + y'Li(K, — K,)
D - L-3 + Li

(9.8)

(9.9)

Ka)
(9.10)

(9.11)
(9.12)



For the stability of the wall, the principles of statics can now be applied:

2 horizontal forces per unit length of wall = 0

and

2 moment of the forces per unit length of wall about point B = 0

For the summation of the horizontal forces, we have

Area of the pressure diagram ACDE — areaof EFHEB + areaof FHBG = 0

or
P — 305l + 3Ls(0s + o) = 0 (9.13)

where P = area of the pressure diagram ACDE.
Summing the moment of all the forces about point B yields

_ 1 L\ 1 L.
P(L, +737) — (ELM;)(?) + >Ls(0% + .:r:.}(?) =0 (0.14)

From Eq. (9.13),

\L, — 2P
L= (9.15)
oy + 0y




Combining Eqgs. (9.7), (9.10), (9.14), and (9.15) and simplifying them further, we obtain

the following fourth-degree equation in terms of L,:

L4+ AL — A2 — AL, — A, =0 (9.16)

In this equation,

(9.17)

(9.18)

(9.19)

(9.20)




Calculation of Maximum Bending Moment

* The maximum moment will occur between points £ and /. Obtaining
the maximum moment (M, ) per unit length of the wall requires
determining the point of zero shear. For a new axis z " (with origin at

point £) for zero shear,
P=32)(K,- K,y

ar

2P
‘H"II EK.'.* N E-:;}Tr

(9.21)

The magnitude of the maximum moment can be obtained as

M = P2+ 7) - [5y2%(K, - K,)]5)7 9.22)



The necessary profile of the sheet piling 1s then sized according to the allowable flexural
stress of the sheet pile matenal, or

M
5§ =— 0.23
- (9.123)
where
& = section modulus of the sheet pile required per unit length of the structure

o, — allowable flexural stress of the sheet pile



Figure 9.9 shows a cantilever sheet pile wall penetrating a granular soil. Here, L, = 2 m,
L,=3m,y= 159 kN/im’, v, = 19.33 kN/m’, and ¢' = 32°.

a. What 1s the theoretical depth of embedment, D!
h. For a 30% increase in D), 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".

Solution

Part a

Using Figure 9.8a for the pressure distribution diagram, one can now prepare the fol-
lowing table for a step-by-step calculation.



Dredge line

Slope:

1 vertical:

(K,— Koy

horizontal M,

(b)

Cantilever sheet pile penetrating sand: (a) variation of net pressure diagram:
(b} variation of moment



‘Water table

________ r__

Dredge line

S

i

CREE

S N S P —

Sand

Yean
' =10

 Cantilever sheet pile wall

Equatiom amd calculatiom

i(u—$)=—=(u—§ — @387
(e £) (e 3) - 2m

Y K, = (15.9%2W0.307) = 9.763 kN/m*
(i, + Yy IHK_ A — NSIE + @938 — 9 51 WMEEI07) — 1B I8 kN
L _ 1858 = D66 m

i, — K.) (1938 — 9.8 )(328 — O.307)

sl + wil, + 3oz — o) i, + ezl

= (DS T6B){(2) + (9. 1aE)(I) + D (IESE — 9. 768) (3)
+ (I (12 58)(0E65)

= 9.763 + 29289 + 13.151 + 6.115 = S8.32 kN/m




M

9.20

9.16

P + 1351086 + 3) + &115{08s < 3)

Ol + YK, + YLK, — k) — (IS9)@ + (1938 — 3.30)@E)E.25)
+ (19.33 — 9.81N0.66)3.25
— @307) — 21466 NIm”
o3 _ M4 66 R
Y(K,— K;) (1938 — 9.81)(3.25 — 0.307)
BF _ (8) (5&32) _
y(K,— K, (1938 — 9.381)(3.25 — 0.307)

m= 1 !_'i-{lﬁ+3+§]+m+§}]=u-

6P2Zy (K, — K,) + o5

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

(1933 — 9.81)%(3.25 — 0.307)°

= 151.93
P(6Zos + 4P)  58.32[(6)(2.23)(214.66) + (4)(58.32)]
y (K, — K,)* (19.33 — 9.81)%(3.25 — 0.307)°

= 230.72

I8+ AL —AJZ— AL, — A, =0

L} + 7.66L7 — 16.65[2 — 151930, — 230.72 = 0; L, =~ 48 m



Thus,
Dyooey = Ls + Ly = 0.66 + 4.8 = 5. 46 m

Fart b
The total length of the sheet piles is

Ly + L+ 13(Ls+ L) =2+ 3+ 1.3(5.46) = 12.1 m

Fart c
Finally, we have the following table.

CQuantity Eq.

required no. Equation and calculation
z' 9.21 \/ 2P = \/ (2)(58.32) = 2.04 m
(K, — K,)y' (3.25 — 0.307)(19.33 — 9.81)
] [}
M 922 P(T+27)— [?'E’I{Kp - ﬁ:,;.]‘% = (58.32)(2.23 + 2.04)

_ [(%)(19.33 — 9.81)(2.04)%(3.25 — {1.3{1?}}%
= 209.39 kN-m/m

My,  20939kN-m
0 an 172 > 10° kN/m®

S 9.29 = 1.217 > 107 m*/m of wall ]




Special Cases for Cantilever Walls Penetrating
a Sandy Soil

 Sheet Pile Wall with the Absence of Water Table

* the net pressure diagram on the cantilever sheet-pile wall will be as
shown in Figure 9.10

. R
Sand
y
{.I_Ill
L
- - P
l" T
%
b
%
ll'.fi <
Fi o Sand
¥ "'—T— —— ¥
-Ir:. - .,-'-""--F'— |-_|!_| N
- -FF--FF_——_ Jr_'l'
e IL“ - ——r________ Figure 9. 70 Sheet piling penetrating
- ¥ I — a sandy soil in the absence of the
Lr

water table



£

YLK,
L-:I[Kp - Kﬂ']T

ﬂ_:_; -+ TLi{.KF —

YLK, + yL (K,

w

o

a)
- K::}
LK,

T':Kp _ K-::} - (HP _ Kﬂ}

sosl. + 3oL,

I LK,

L3+_=

3 K, — K,

P

and Eq. (9.16) transforms to

where

L LCK.+ Ky
3

T 3(K, — K.)

I3+ AjL; — AL — AL, — A; =0

NN
b=
Il

NS
=
[

B
Ea
[

e

YK, — Ky)
sP

YK, — Ky)

6P[2Zy(K, — K;) + of]
YK, — K,)°

P(6Z0% + 4P)

T'E[Kp T Ka}l

(9.24)
(9.25)

(9.26)
(9.27)

(9.28)
(9.29)

(9.30)

(9.31)

(9.32)

(9.33)

(9.34)

(9.35)



Free Cantilever Sheet Piling

F

Sand
- D ’
e ' =10
.r-"'r T‘_\\\
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Figure 9. 77 Free cantilever sheet
piling penetrating a layer of sand



Figure 9.11 shows a free cantilever sheet-pile wall penetrating a sandy soil and
subjected to a line load of P per unit length of the wall. For this case,

8P 12PL 2P !
D*—{ ]ﬂf—[ ]D—{ ] =0  (9.36)
T{Kp - Ku} ?(Kp B Ku] T(Kp - Ku]

y(K, - K,)D* - 2P

L. = 0.37)
"~ TIDK, — Ky |
YK
Mo = P(L + 7) - —— 938)
and
|I j |
I'= 2F (9.39)




Example

Redo parts a and b of Example 9.1, assuming the absence of the water table. Use y =
15.9 kN/m® and ¢' = 32°. Note: L = 5 m.

Solution
FPart a
COuantity Eq.
required no. Equation and calculation
‘ 32
K, — uml(alj - ﬂ) = tzml(dj - —) = 0.307
2 2
3) = wn(ss + 3)
— z — ] = 2 —\|=
K, tan (45 + 3 tan| 45 + 5 3.25

of 924 LK, = (159)5)(0.307) = 24.41 kN/m?
LK, _ (5)(0307)

- = 0.521

K,— K, 325- 0307 "

ol 927 LK, + yL(K, — K) = (15.9)(5)(3.25) + (15.9)(0.521)(3.25 — 0.307)
= 282.76 kKN/m?

P 029 1L +iml, =30yl + L) = ()(2441)(5 + 0.521) = 6738 kN/m
L(2K,— K;) 5[(2)(0.307) + 3.25]
3(K,— K,)  3(325 - 0307)

L, 928

Fi 0.30 = 2188 m



s 28276

S T o Sl T YR v M
| sP - (8)(6738)
A 98 y(K, — Ko)  (159)(3.25 - 0307) 1192
6P[Zy(K, - K,) + ¢
Al 034 | s 5]
T_{Kp - Ku}_
~(6)(67.38)[(2)(2.188) (15.9)(3.25 — 0.307) + 282.76] 00
- (15.9)%(3.25 — 0.307)° -
P(67a. + 4P)  (67.38)[(6)(2.188)(282.76) + (4)(67.38
Y (6707} + El:{ )[(6)(2.188) ( ) EH }]:122.52
F(K, - K,)? (159)2(3.25 - 0307)°
L, 931 L3+A-ALZ-AL,-Al=0
[} + 6.0413 — 115212 — 90.01L, — 12252 = 0; L, = 4.1 m
Dy, =Ly + L, =0521 + 4.1 =47 m
Part b
Total length, L + 13(Dygr) = 5 + 1.34.7) = 1111 m m



Mechanically Stabilized Earth Walls (MSE
Walls)
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Components of MSE walls

o Backfill
oReinforced elements (Geogrids, Metallic strips, geotextile)

oWall facing (wall skin, panels)



Design of wall

* External stabilitychecks
* Sliding
* Overturning
* Bearing capacity

* Internal Stability
* Breakage of reinforcement
* Pullout Mechanism



Retaining Walls with Geotextile Reinforcement

Figure 8.35 A completed geotextile-reinforced retaining wall in DeBeque Canyon, Colorado
(Courtesy of Jonathan T. H. Wu, University of Colorado al Denver, Denver, Colorado)



Retaining Walls with Geotextile Reinforcement
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Design procedures:

e Step 1. Determine the active pressure distribution on the wall from
the formula

Kuﬂr} Kﬂ?l*
where

K, = Rankine active pressure coefficient = tan(45 - 6/2)
y, = umit weight of the granular backfil
@1 = friction angle of the granular back

-

|



* The recommended values of the reduction factor are as follows
(Koerner, 2005) ;
alt

RF., x RE_, x RE,;

Iy =

where

Ty = ultimate tensile strength
RE,; = reduction factor for installation damage
RE., = reduction factor for creep

RF..; = reduction factor for chemical and biological degradation

The recommended values of the reduction factor are as
follows (Koerner, 2005)

RE,  1.1-2.0
RF., 24
RF.,., 1.5



Step 3. Determine the vertical spacing of the layers at any
depth z from the formula

S - Ty Iy
| — - - I
fJ'..-I"S-'m (?I*hnj“_'slﬂi-]

The magnitude of FS g, 1s generally 1.3 to 1.5.

FS g, : Factor of safety against tie breakage.



Step 4. Determine the length of each layer of geotextile from
the formula

L=1+1
where
O .
tan(45 + %)
and
B Syai[FS(p)]
. 20 tand )
in which
gs = 112K,
Oo = V%

FSp = 1.3t0 1.5

¢ = friction angle at geotextile—soil interface

:
~ 361



* Step 5. Determine the lap length, |, from
SyarzFS p

.|rl —
dritandhy

The minimum lap length should be 1 m.

Step 6. Check the factors of safety against overturning, sliding, and
bearing capacity



Example:

A geotextile-reinforced retaining wall 5 m high 1s shown in Figure 8.36. For the granu-
lar backfill, ¥, = 15.7 kN/m" and ¢ = 36°. For the geotextile, T,;, = 52.5 kN/m. For

the design of the wall, determune 5,.[L. and [,. Use RF,; = 12,RF., = 2.5,
and RF_; = 1.25.

Solution
We have

K, = tanﬂ(atj - ¢") = 0.26

2

Determination of 5y
To find §,.. we make a few tnals. From Eq. (8.57),

Ta]l

o = {leﬁrﬂ'}[FS[_E:]]




Example:

|/

YYD

V

f

Sy=05m

L
3

NI

Y1 = 15.7 kN/m?
&= 36°

OY




Example:

T... 52.5
= - = = 14 kN
RF, X RE_ X RF.,, 12 x 25 x 1.25 fm

With FS.:_H] = 1.5 at L = 2 1.

TB.".

14

Sv = 15.7) (2) (026) (15) _ 14m
Atz =4 m,
14
S, = — 0.57
Y T (15.7) (4) (0.26) (1.5) o
Atz = 5 m,

14
Sv = 15.7) (5) (026) (1.5) _ >*om

So.use 8y = 0.5mforz = 0 toz = 5 m (See Figure 8.36.)

Determination of L
From Eqs. (8.58), (8.59), and (8.60),

,__H-3z Sy K [FS¢p]
B r 2 tan &
tan (45 + i') o



Example:

For FS(p) = 1.5, tandp} = tan[(3) (36)] = 0.445. and it follows that
L = (0.51) (H — z) + 04385,
H=5m,5,=05m

Atz =05m: L= (051)5 — 0.5) + (0.438)(0.5) = 2514 m
Atz =25m: L=1(051)5 — 2.5) + (0.438)(0.5) = 1.494 m

So, use L. = 2.5 m throughout.

Determination of /,
From Eq. (8.61),

B Sy i[FS py]
4o tand

I, =
o, = 112K,. FS(p = 1.5; with ¢}, = y,2, ¢} = 3¢]. So

_ SvKJ[FSm]  5,(0.26) (1.5)
' 4andr  4tan[(3)(36)]
I, = 02195, = (0.219)(0.5) =01l m=1m

= 0.219S,

So,usel; = 1 m.



For the same example, calculate the factor of safety
against overturning, sliding, and bearing capacity failure.

&

S = 0.5 m

YRR
a
/Y /

I
/)

YT




Factor of Safety Against Overturning
Wi,

e)(5)

W, = (3)(25)(15.7) = 196.25 kN/m
2.5

Yy =—7—=12m

2

F,= %}rHEKE = (%){15.?}(5}2{{}.26] = 5103 kN/m

From Eq. (8.50), FS (oyeruming) =

Hence,

~(196.25)(1.25)

FS il = =288 <3
(veruing) 51 03(5/3)

(increase length of geotextile layers to 3 m)



Factor of Safety Against Sliding
From Eq. (8.31),

w]mn@p[) {1%.15)[1311@ X 35)

FS (sliding) — Pﬂ — jll[ﬂ — 1.?] = 1.:-" = D.I{.

Factor of Safety Against Bearing Capacity Failure
I
From Eq. (8.32), g, = &oN,. + E}rg L, N,

Given: v, = I8 kN/m’, L, =2.5m, ¢; = 28 kN/m?, and ¢; = 22°. From Table 3.3,
N, =16.88, and N, = 7.13.

.= (28)(1688) + G){lsnzw.u] ~ 633 KN/

From Eq. (8.54),

q, 633 633

ES (bearing capacity) = ﬂ';gH} N v.H ) (15.7)(

5) = 806 >3 - 0.k 1






MSE Walls



MSE Geotextile wall

p r 1

[ g

A MSE retaining wall

Since owr main topic is about geotextile MSE wal [ wil now only focus on the main
component of geotextile MSE wall which s geotextike.

A
\\\\\\\\\\\\\\\\\\ N
AN o e

AT,
AN M\

A MSE wall with geotextile as soil reinforcement



Type of Geotextile:

A oy n Uruhz\f{f«' A Non-woven Geotextile



T 232 2T 2 T
SR W e e (o e A
"- “-:.v-'u‘u'oonny.'c hay
et et e el el L ™

a.-a.‘o.'-'-un-.',-o.
.v-o-avnn-n'nahoauo

" R e PR R RE R '}
L

. 8 - . 'Q..l
oa.qo‘omﬂvavpam'
» vna.nt-l.ul“ln.-
..-ﬂ\.ra"‘-'n - -

> "-‘lcl'vo:dlnlalcl-
et il o B B
. ltoal-
‘ﬂ . W e Pa "nmv.
'l‘!'.'ll.'l"l.l“

‘ ’
%\vhma'ﬂuaw’n"







Construction process of geotextile MSE retaining wall
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Construction process of geotextile MSE retaining wall

I. Start with an ade quate working surface and stagingarea

2. Lay a geotextilesheet of properwidthonthe groundsurface with4to 7 ft at the wall face
draped overa temporary wooden form.

3. Backfilloverthissheetwith soil.

4. Construction equipment must work from the soil backfilland be kept off the unprotected
geotextile. The spreading equipment should be a wide -tracked bulldozer that exerts little
pressure against the ground on whichit rests. Rollingequipment likewise should be of
relativelylight weight.

5. Whenthe first layer has beenfolded overthe processshould be repeated forthe second
layerwith the temporary facingform being extended from the originalground surface orthe
wall being stepped back about 6 inchesso that the form can be supported from the first
layer. Inthe latter case, the support stakes must penetrate the fabric.

6. This processis continued until the wallreachesits intended height.

7. For protection againstultraviolet light and safety against vandalism the faces of such walls

must be protected. Both shotcrete and gunite have been used for this purpose.












Please watch the video in the link below:

 https://www.youtube.com/watch?v=W8JIgcwmRf8



https://www.youtube.com/watch?v=W8JlgcwmRf8




MSE Geotextile wall
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