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Cantilever Sheet Pile wall

i o
| R
Water o
table |
__T____|I _____ F_
u— i e—
|
]
1 .
i Aclive
|| pressure
Dredge
line |
Passive . )| Active
pressure - {|| pressure
BRI |
Active Passive
pressure | [, pressure

Fone C

_¥

Sand

Moderate height about 6 m or less

Similar behavior as a wide cantilever beam
The wall rotate about point O

The hydrostatic pressure at any depth of both sides of the wall will cancel each other
For calculation, we only consider the effective lateral soil pressure.
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Cantilever Sheet Pile wall
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Zone A : the lateral pressure is only the active pressure from the land side.

Zone B : there will be active pressure from the land side and passive
pressure from the water side.

Zone C : the condition is reversed in this zone (below the point of rotation O)
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Cantilever Sheet Piling Penetrating Sandy Soils

s Samd g The intensity of the active
o g \ pressure at depthz = L1 :
~ __f=v | \ ,
Sand i) o = YLK,
ol The active pressure at a
7=, depthofz=L1+L2:
‘-Ti = (T"r—'l + TILZ)K}:
_ Slepe: The active pressure at a
vertcal:
(K, — K,y depth of z (below the
___________ e e M) dredge line) :
Sand / G'; = ['}’Ll + '}'IL] + "}i'r[f - L| - .LQ]]KR
Vot
e o
——— {7 o =0 H
' - The passive pressure at a depth z

Note that, at the level of the dredge line, the hydrostatic pressures from both sides of (beIOW the dredge Ilne) :
the wall are the same magnitude and cancel each other. U}; =v'(z—L,— L) KF
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Cantilever Sheet Piling Penetrating Sandy Soils

The net lateral pressure : Sand T u,
o' =0, — o, =(yL; + YL)K, — ¥ — L, — L) (K, — K,) _ 3; “'-\
=oy—y' (- L)(K,— K,) € INC e =0 | \
Sand
where L =L, + L,. Yaar 1|:r
5
The net lateral pressure ¢’ becomes equal to =,
zero at a depth L3 below the dredge line:
oy =y (@z—L)(K,—K)=0 Slope:
( [) =L - o3 ™ 1 vertical:
ST Y& KD hcizonial )
The slope of the net pressure distribution line I j
DEF is 1 vertical to ( Kp -Ka) y’ horizontal : ea /_,,--
— G ¢ =0

HB = {-T_; = L-—l{Kp _ Kf:]Tr

At the bottom of the sheet pile, passive pressure (op) act from the right toward the
left side, and active pressure act from the left toward the right side of the sheet
pile.Soatz=L+D : o,=(yL + vy'L, + yYD)K,
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Cantilever Sheet Piling Penetrating Sandy Soils

At the same depth : ¢:=7vDK,
The net lateral pressure at the bottom of the sheet pile : A

O, — O, =04 = (yL, + 'F’IQ)KP + T’D(KP - K,) _..-:: ?ﬂd II'*.I
= (yL, + '}/Lz)Kp + ']I"’LS(KP - K,) + 'y’L4(KP - K) , T \
=05+ YLK, — K,) where S ' =0 1 \
Sand
o5 = (yL, + Y L)K, + ¥'L;(K, — K,) s Y
D=1I;+ Ly &'
c'=0
For the stability of the wall, the principles of P
the statics can now be applied : Dredeelne vy v M @ D
2 horizontal forces per unit length of wall = 0 . _ ?li-}f:nl:':~ )
2 moment of the forces per unit length of wall about point B = 0 1 T S B i KP'“_ K.}y
horizontal
D Mo |
For summation of the horizontal force : ™ j
Area of the pressure diagram ACDE — area of EFHB + area of FHBG = 0 1‘“‘ o
P =30}l +|3Ls(0% + 0)) = 0 3 — G =0 /

P = area of the pressure diagram ACDE.

_ojL,— 2P

P(Ly +7) — (1L4ﬂ'3’)(£) + %Ls(ﬂ'é + ﬂ'ﬁ)(%) =0 Ls =

2 3 o3 + oy
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Cantilever Sheet Piling Penetrating Sandy Soils

Summing the moment of all the
force about point B :

P(L,+7)— (%Lﬂfﬂ}’)(%) + éLS(Ug + ﬂ':t)(%) =0

oLy — 2P
5 —_—

o3 + oy

Combining several equations and simplifying them further, one
obtains the following fourth degree equation in terms of L4 :

Ly + AL, — AL — AL, — A, =0 \Where 4 o
'YK, - K,
B 8P
> YK, —K,)
_ 6P[2zy'(K, — K,) + of]
YKy = Ko’
_ P(6zos + 4P)
YK, — K,)’

3

4
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No stupid question

Keep asking questions and find
the right answer,

Without knowing you wont be an
expert in a lot of things

Hendra Djitno



Cantilever Sheet Piling Penetrating Sandy Soils

Step by step procedure to obtaining the pressure diagram for a
cantilever sheet pile wall penetrating a granular soil :

1. Calculate Ka and Kp Sand )
2. Calculate o1’ and o2’ (L1 and L2 will be given) R \
3. Calculate L3 ———- e B \
4, Calculate P o
5. Calculate z ( the center of pressure for area 4,
ACDE, by taking moment about E) P
6. Calculate o5’ Dredgeline  y (0“7 p %
7. Calculate A1,A2, A3, and A4 Tt Slope:
8. Solve trial and error to determine L4 ) &Koy
9. Calculate o4’ D T horizontal M)
10. Calculate &3’ L F Sand
11. Obtain L5 }f i i _f__-/
12. Draw pressure diagram Fo-t ¥, — G ¢'= e
13. Obtain the theoretical depth of penetration as

| 3+L4
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Cantilever Sheet Piling Penetrating Sandy Soils

Calculation of maximum bending moment:

The maximum moment will occur between the points E and F’. Obtaining the
maximum moment (Mmax) per unit length of the wall requires determining the
point of zero shear. For the new axis z' (with origin at point E) for zero shear:

P=3zVK, — K)y or 7' = \X(K _2‘;;{)?)
yu a

The magnitude of the maximum moment can be obtained as:

Mpo = P2+ 2) — Y 74K, — K)IG)Z'

The necessary profile of the sheet piling is then sized according to the
allowable flexural stress of the sheet pile material :

M

max

S =

L]

where

S = 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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Cantilever Sheet Piling Penetrating Sandy Soils

Example 1:
Figure 14.10 shows a cantilever sheet-pile wall penetrating a granular soil. Here, " Sand
Li=2m,L, =3 m, y= 159 kN/m’, y., = 19.33 kN/m’, and ¢" = 32°. oy
Soe'=0
a. What is the theoretical depth of embedment, D? Water table Py
b. For a 30% increase in D, what should be the total length of the sheet piles? I— =TT~
c. What should be the minimum section modulus of the sheet piles? Use
o, = 172 MN/m?.
Sand
TEB.[
c'=0
{:}l
Dredge line
Sand
TEB.[
c'=0
{:}l

Figure 14.10
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Cantilever Sheet Piling Penetrating Sandy Soils

Solution

Part a

Using Figure 14.9a for the pressure distribution diagram, one can now prepare the
following table for a step-by-step calculation.

Quantity
required Equation and calculation

’ ) 32
K, tan2(45 - %) = tan‘(45 -~ ?) = 0.307

' 1 32
K, tanz(fl.i + %) = tan'(ili + ?) = 3.25

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

o (yL, + YLK, = [(15.9)(2) + (19.33 — 9.81)(3)](0.307) = 18.53 kN/m’
o 18.53
y(K, —K,) (19.33 — 9.81)(3.25 — 0.307)

= (.66 m

P Lol + ail, + Hob — o)), + 3oL
= (4)(9.763)(2) + (9.763)(3) + (£)(18.53 — 9.763)(3)
+ (5)(18.53)(0.66)
= 0.763 + 29.280 + 13.151 + 6.115 = 58.32 kN/m

SMy; 1 [9.763(0.66 + 3 + 2) + 29.289(0.66 + 3)
P 5832| + 13.151(0.66 + ) + 6.115(0.66 X 2)

sipilUNIKOM
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Cantilever Sheet Piling Penetrating Sandy Soils

o5 (yLi + v LK, + v'Li(K, — K,) = [(15.90(2) + (19.33 — 9.81)(3)](3.25)
+ (19.33 — 9.81)(0.66)(3.25
— 0.307) = 214.66 kN/m’

Er.l'
A __os _ 214.66 e
y(K, — K,) (19.33 — 9.81)(3.25 — 0.307)
8)(58.32
A, 8P = B ) = 16.65
v(K,—K,) (1933 — 9.81)(3.25 — 0.307)
A 6P[2zy'(K, — K,) + o3]
’ sz{Kp _ Xa]z
_ (6)(58.32)[(2)(2:23)(19.33 — 9.81)(3.25 — 0.307) + 214.66]
(19.33 — 9.81)%(3.25 — 0.307)°
= 151.93
4 P(6z05 + 4P)  58.32[(6)(2.23)(214.66) + (4)(58.32)]
! v(K, — K,)* (19.33 — 9.81)*%(3.25 — 0.307)°
= 230.72

L4 H+A|L41—A2L4E—A3L4—A4:D
Li+ 7.6613 — 16.6512 — 151.93L, — 23072 = 0; L, =~ 48 m

Thus, Dieory = Ls + Ls = 0.66 + 4.8 = 5.46 m
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Cantilever Sheet Piling Penetrating Sandy Soils

Part b
The total length of the sheet piles is

Ly+L,+13Ls+L)=2+3+13(546) = 12.1 m

Part c
Finally, we have the following table.

Quantity Eq.
Equation and calculation

required no.
! 14.21 (2)(58.32) = 2.04
- ' (K, — Ka]’}’ (3.25 — 0.307)(19.33 — 9.81) S
M. 1422 Pz+7Z) - [E}r [K Xa]} = (58.32)(2.23 + 2.04)

—[(%){19.33 — 0.81)(2.04)°(3.25 — D.SGT}}E':T

= 20939 kN - m/m

M.~ 20939kN -
S 14.29 = B 1217 X 10~ m¥m of wall

o 172 X 10° kN/m?

all
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Special Cases for

Cantilever Sheet Piling Penetrating Sandy Soils

Case 1: Sheet Pile wall the absence of Water Table
oy = yLK,
s = LK, — K,)y
oy = o5 + YLK, — K,)
o5 = YLK, + yL1(K, — K,)
L= o} _ LK,

' yK,—K) (K,—K)
P = 3aiL + 103Ls

L LK, L LQK,+K)

E=L_1,+—= + =
,—K, 3 3(K,—K,)

__ o
(K, — K)

. 8P

- Ak, — K,)

. 6P[2Zy(K, — K,) + o]
= YK, — K.)?

_ P(6z0% + 4P)
YK, - K

sipilUNIKOM 14
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Special Cases for

Cantilever Sheet Piling Penetrating Sandy Soils

Case 2 : Free Cantilever Sheet Piling

8P 12PL 2P 2
o= [r(Kp - Ka)]DE - [w(Kp - Ka)]D - [v(Kp - Ka)] Y

Y(K, — K,)D* — 2P
=

ZD(KF - Ka)?
L
3
(K, — K,)
My, =P(L+7)— E

.1r -

And

-~ L 2P
’,"z ‘{f ; T;{Kp - Ka)
a'y=yD (K- K,)
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Cantilever Sheet Piling Penetrating Clay Soils

il

Ly

Dredge line

. -'..

M|

Where the intensity of the active

pressure at a depth z = L1:
op = yL K,

The active pressure at a depth of
z=L1+L2:

‘-Tﬁ = [TLI + TILZ)KH

At any depth greater than L1+L2 for =0,
Ka=1 and Kp=1. The active pressure at a
depth z (below the dredge line) :

o, =[yLy + ¥y Ly + yolz — L, — Ly)] — 2¢

The passive pressure at a depth z
(below the dredge line):

'-Tp = Tsut(z - Jl:'l - L]} + 2c

sipilUNIKOM



A
[ B e The net lateral pressure :

Water b o "':;d:- O = G"p -0, = [Tsm{z - L] - LE) + 2(".]

table o' N C vy | =0

DI = ~ YL+ YLy + Yz — Ly — L] + 2¢
I, y Sand '
Ty =4c — (yLi + ¥'Lo)
II ¢.
\ c=0 . .

? o ) At the bottom of the sheet pile, the passive
Dredge line l

pressure from right to left is:
‘-Tp = {?L] + ?ILE + TsalD} + 2c

The active pressure from left to right is:
{Tﬂ = THEI.[D - 2(

The net pressure is:
L o7 =0,—0,=4c+ (yL, + y'Ly)
B o
For equilibrium analysis, FH = 0, that is the area of the pressure diagram ACDE —
the area of EFIB + the area of GIH =0

P, — [4c — (yLy + Y'L)ID + 3L,l4c — (YL, + 'Ly + 4c + (yL, + y'L,)] = 0

sipilUNIKOM
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Cantilever Sheet Piling Penetrating Clay Soils

~ el

.'.

Dredge line

Simplifying the preceding equation
produces:

|, _Dldc— (L + vy L)1 - P,
4=
dc

Takina the moment about point B ( MB = 0) yields:

_ D 1 L
P(D + 7)) — [4c — (yL, + —y’LQ)]? + EL4(8.:=}(?4) =0

Combine equations above.

Py(P, + 12cT
DY[4c — (yL, + y'Ly)] — 2DP, — 1Py L

=0
(yL, + y'Ly) + 2c

sipilUNIKOM
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Cantilever Sheet Piling Penetrating Clay Soils

Step by step procedure to obtaining the pressure diagram for a
cantilever sheet pile wall penetrating a granular soil :

Calculate Ka =tan?(45 — ¢'/2)

Calculate o1’ and 2’ (L1 and L2 will be given)
Calculate P1 and 'z,

Solve trial and error to determine D

Calculate L4

Calculate o6’ and o7’

Draw pressure Distribution diagram

The actual depth of penetration is :

Dredge line F

©ONOOAWNE

-Dﬂl:l'llal = 14 to l*ﬁ(Dtheoretical)

B o

19
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Cantilever Sheet Piling Penetrating Clay Soils

Calculation of maximum bending moment:

The maximum moment (zero shear) will be between
L1+L2<z<L1+L2+L3. Using a new coordinate system z’

L
Water
(with " = 0 at the dredoe line) for zero shear gives: LA N — i__
Pl—ﬂ'ﬁz’=ﬂ or z'r:_l B
Og
The magnitude of the maximum moment can be obtained as: L,
7:2
Mma:r. = -f‘:)l{zvF + El} - ol

2

The necessary profile of the sheet piling is then sized

according to the allowable flexural stress of the sheet
pile material:

Mma:r.
S =

T

where

S = section modulus of the sheet pile required per unit length of the structure
o, = allowable flexural stress of the sheet pile

sipilUNIKOM
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Cantilever Sheet Piling Penetrating Clay Soils

Example 2 :
In Figure 14.14, for the sheet-pile wall, determine A S Sand
T 4 =15.9 KN/m?
a. The theoretical and actual depth of penetration. Use Dycpa = 1.5Diheory- e e =0
b. The minimum size of sheet-pile section necessary. Use oy = 172.5 MN/m?.  Water table _ v _: S A___L_v___ 5_;:_’ =32°
Sand
Yo = 19.33 kKN/m?
L,=3m ¢'=0

lay -
= 47 kN/m?
=0

Figure 14.14 Cantilever sheet pile penetrating into saturated clay

21
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Cantilever Sheet Piling Penetrating Clay Soils

Solution
We will follow the step-by-step procedure _ _
A Sand
Step 1. oy =159 KN/fm?
K,= tanl(45 - qi) = tan2(45 - E) = 0.307 Watertable y B = w0 47=32°
Step 2.
s Sand
o) = yL,K, = (15.9)(2)(0.307) = 9.763 kN/m? Yeur = 19.33 kKN/m?
Lg =3m c'=0
oy = (yL, + ¥'L,)K, = [(15.9)(2) + (19.33 — 9.81)3]0.307 =32°
= 18.53 kN/m’
Step 3. From the net pressure distribution diagram E

1 1
Py =—o|L, + ol + (o3 — o)L, ¥
= 47 kN/m?

= 0.763 + 29.289 + 13.151 = 52.2 kN/m “o

and

1 2 3 3 h
Z; = ——=19.763| 3 + —| + 29.289| —| + 13.151| ¢ ) _ } o
52.2 3 2 3 Figure 14.14 Cantilever sheet pile penetrating into saturated clay

= 1.78 m

22
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Cantilever Sheet Piling Penetrating Clay Soils

Step 4.
PP, + 12cz;)
D4c — (yL, + y'L,)] — 2DP, — —- =0
Substituting proper values yields
D*{(4)(47) — [(2)(15.9) + (19.33 — 9.81)3]} — 2D(52.2)
_ 52.2[52.2 + (12)(47)(1.78)] _
[(15.9)(2) + (19.33 — 9.81)3] + (2)(47) ;
or
127.64D" — 104.4D — 357.15=10
Solving the preceding equation. we obtain D = 2.13 m.
Step 5.
_ Dldc — (yL + y'IP1 — Py
L=
4c
and
4c — (yL, + ¥'Ly) = (4)(47) — [(15.9)(2) + (19.33 — 9.81)3]
= 127.64 kN/m’
So,

_ 2.13(127.64) — 52.2
(4)(47)

. —1.17m

sipilUNIKOM

T '..:-..' _.. .' - Sm]d
00 =159 KN/fm?
" =0
Watertable y W ..o §. .ol eeslllln _¢ =
Sand
Yeur = 19.33 kKN/m?
Lg =3m f‘r = D

lay )
= 47 kN/m?
=0

Figure 14.14 Cantilever sheet pile penetrating into saturated clay
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Cantilever Sheet Piling Penetrating Clay Soils

Step ©.
o = 4c — (YL, + ¥'L,) = 127.64 kN/m?
o7 = 4c + (yL, + y'L,) = 248.36 kN/m’
Step 7. The net pressure distribution diagram can now be drawn,

Step 8. Doy ~ 1.5 Dypoaticas = 1.5(2.13) =~ 3.2 m

Maximum-Moment Calculation
From Eq. (14.49),

, P 522 041
$ T o 12764 M
Again, from Eq. (14.49),
N
Mmax = PI(Z + E1) -
2
So
127.64(0.41)*
M. = 52.2(0.41 + 1.78) — 5

= 114.32 — 10.73 = 103.59 kN-m/m
The minimum required section modulus (assuming that o, = 172.5 MmeE) is

103.59 kN-m/
S = = 0.6 X 10~ m¥m of the wall
172.5 X 10° KN/m

sipilUNIKOM

T '..:-..' _.. .' - Sm]d
00 =159 KN/fm?
" =0
Watertable y W ..o §. .ol eeslllln _¢ =
Sand
Yeur = 19.33 kKN/m?
Lg =3m f‘r = D

lay )
= 47 kN/m?
=0

Figure 14.14 Cantilever sheet pile penetrating into saturated clay
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Special Cases for

Cantilever Sheet Piling Penetrating Clay Soils
Case 1 : Sheet Pile wall the absence of Water Table

o; = YLK,
g = 4c — yL
o7 =4c + yL

P, = 3L} = 3yLK,

D(4c — yL) — 3yL’K,
- 4c

Py(Py +12%) _

D*4c — vyL) — 2DP, —
( ") ! vL + 2¢

where z; = —.
3

D
The magnitude of the maximum moment in the wall is
o My = P2’ + 7)) o P, 3YLK,
Tmax = 1\ al) — h e — = 2 4
2 where z e dc— YL

Figure 14.15 Sheet-pile wall penetrating clay

25
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Special Cases for

Cantilever Sheet Piling Penetrating Clay Soils
Case 1 : Free Cantilever Sheet Piling Penetrating Clay

F

0g = 07 = 4c

The depth of penetration, D, may be obtained from the relation

P(P + 12cL) 0

4D*c — 2PD —
¢ 2

Also, note that, for a construction of the pressure diagram,
_4cD - P
dc

L,

The maximum moment in the wall is

]

4cz”
Figure 14.16 Free cantilever sheet piling penetrating clay M. = P(L+7)— ) Where

sipilUNIKOM
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PROBLEM #1

Sheet Piling Penetrating Sand Soils

ffmd This Figure shows a cantilever sheet-pile wall penetrating
S a granular soil. Here, LL=4m, L2 =8 m, y’ = 16.1 kN/m3,

Vet = KN/M3, and ¢’ =32.8°.

zm . What is the theoretical depth of embedment, D?

a
¢ =0 b. For a 30% increase in D, what should be the total

b
length of the sheet piles?
c. Determine the theoretical maximum moment of the
Sand sheet pile.
¥aat
c'=0
p

27
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PROBLEM #2

Sheet Piling Penetrating Clay Soils

ForwhichL1=2.4m, L2 =4.6 m, y=15.7 KN/m3,
Vet =17.3 KN/m3, and ¢’ =30.8° and ¢’ = 29 kN/m?

a. What is the theoretical depth of embedment, D?

b. For a 30% increase in D, what should be the
total length of the sheet piles?

c. Determine the theoretical maximum moment of
the sheet pile.

28
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