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Supported deep excavation

(Sheet Pile Walls)

- Definition:-

- -Sheet Pile Walls (SPW) are retaining structures used to retain
soil or water. It consists of a group of piles, sheets or
corrugated sheets driven tangent to each other to form a
continuous retaining structure.
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- Applications of SPW: - ilajadsi

- There are many applications for Sheet Pile Walls such as:-

1- To retain the sides of cuts made in earth:-
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2- For construction of offshore structures:-
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3- For river bank protection:-
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5- To reduce the uplift at the Weir base:-
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- Classification of SPW according to material:-
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1- Timber SPW:-
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2- R.C. Piles:-
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i~ Adjacent Piles:-
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ii- Tangent Piles:-
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iii- Secant Piles:-
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3- Diaphragm walls:-
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2.0-15.0 m
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4- Soldier piles and timber lagging:-
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5- Steel SPW:-
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- = Classification of SPW according to statical system:-

1- Cantilever SPW:-
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2- Anchored SPW:-
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3- Braced SPW:-
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Revision on Lateral Earth Pressure

- Rankine earth pressure theory:-
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- For tension cracks:-
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Excavation
depth H
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1- Design of Cantilever SPW
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- Where:-

(for H<5.0 m)
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- z = Section Modulas

-M_,. =Max. B.M. on the SPW

- f, = Allwable compression in steel =160 N/mm® (For steel 36/52)

- How would the SPW be fixed in soil:-
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Neglected

- Steps for design of Cantilever SPW:-

1- Calculate stresses acting on SPW:-

- Calculate active earth pressure,
passive earth pressure and water

pressure as a function of d,.

=> eq. in 1st degree in dea
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2- Calculate forces acting on SPW:-

- Calculate the resultant forces of
active earth pressure, passive earth
pressure and water pressure as a

function of d.y;.
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3- Calculate the safe penetration depth (d,re):-

> M, =0 = eq.in3rd degree ind,,

-Findd_,
= d, =V = d,=12d,
—d_ =12d, =1.44d_,

by trial & error

safe

4- Calculate the maximum B.M. on the SPW:-

- At point of zero shear at depth z from dredge line
ZFx =0 = eq.in 2rd degree in z
=z=N oM, =M,

S5- Calculate the section modulus for steel SPW:-

- Where:-
- z = Section Modulas
-M,,,. = Max. B.M. on the SPW

-f = Allwable compression in steel =160 N/mm”

(For steel 36/52)




- Example 1:-

- For the cantilever steel sheet pile wall, shown in Figure, it is
required to:
i) Determine the safe penetration depth of the wall.
i) Calculate the maximum bending moment on the wall.
iii) Estimate the section modulus of the wall (f;_,; = 140 MPa). .

- Solution:-

1- Stresses acting on SPW:-

- For sand layer:- G.W.T R
1-sin34°
-K,=———-=028 2.0
1+sin34 R
. _— STTSTTSY
- For silty clay layer (use ¢, ¢):- Sand B
. ¥ =18 kN/m’ i
- 1-sin20° ¢ 34° *
K, = 1 +sin20° 0.49 Gw.T. . 1428kN/m? 5 |5\ 6.72 kN/m?
+sIn W : o
1 = A 3N 4.76 kN/m?
) KP - —IZ— =2.04 S - — Silty Clay
2 Ep, Ea, Y=19kN/m’ E,,
T cy=30 kPa )
Ep, Eay oS kpa deal
¢ 20°
. 612 A
14.28 + 18.34 d kN/m? O R 476 +441dkN/m* 50 kN/m?
Point | K,/ K, | c (kPa) oy (kPa) o,/ o, (kPa)
1 0.28 0 0 0
2 0.28 0 3x8=24 6.72
3 0.49 5 24 4.76
4 0.49 5 24+9d 4776+4.41d
5 2.04 5 0 1428 -
6 2.04 5 dx9=9d 14.28+18.36 d




2- Forces and XMg,:-

| Force Value (kN) 1?;31 B.M. (kN.m)
E, | 0.5x6.72x3=10.08 | d+1 | 10.08  +10.08d
E, 476d| d/2 | 2.38 d2
E,, 0.5xdx4.41d=2205d*| d/3 0.735 &
E,, 0.5x50x5=125 | d+5/3 | 20833  +125d |
E., | | 50d | d/2 25 42
E, ~14.28d | d/2 ~7.14 &2
E,, | 0.5xdx1834d=-9.174d>| d/3 . ~3.057 &’
D | 135.08+40.48 d - 6.965 d° 21841 +135.08d +2024d> 2322 d°

3- Safe penetration depth of SPW:-

- ZM@O =-2322d’>+20.24 d*> +135.08 d+218.41=0

= d, =13.53m

= d_. =12d, =144d_ =144 x13.53=19.5m

safe

4- Maximum B.M. on the SPW:-

- At point of zero shear:- .

- 3'F, =135.08+40.48 2 6.965 7* = 0

= z=8.18m |

= M, =-2.322 (8.18)’ +20.24 (3.18)* +135.08 (8.18) +218.41

= M, =1406.7 kN.m/m'

- Section Modulas = z = M, _ _1406.7 =10.05x10 m’ =10050 ¢cm’

£ 140x10°

S




- Example 2:-

- For the cantilever steel sheet pile wall, shown in Figure, it is
required to:
i) Determine the safe penetration depth of the wall.
ii) calculate the maximum bending moment on the wall.
iii) Estimate the section modulus of the wall (f;.,; = 140 MPa).

- Solution:-

1- Stresses acting on SPW:-

o [13.67kPa
| '

1+sin25° h,=1.08 m
-Kp=—1~—=1.73

K

a

11.53 kPa g%

q = 100 kN/m?

Ea;  Silty Clay

112273 kpa ¥ =18 kKN/m’

cy= 150 kPa
¢ =50 kPa
¢ 25°

22.73 +5.6 d kPa

13153 +13.84dkPa O T R

o

20 kN/m?

Point | K,/K, |c (kPa) o, (kPa) 6,/ o, (kPa)
| 0.7 50 100 -13.67
2 0.7 50 100+2x18=136 11.53
3 0.7 50 136+2><8: 152 22.73
4 0.7 50 152+8d 22.734_r5.6 d
5 1.73 50 -0 131.53
6 1.73 50 8d 131.53+13.84 d




2- Forces and ¥M g,:-

-at h=hae =0.=0
- 02 =0.7(100 + 18 hey — 2x 50 x1/0.7 = 0
— he=1.08m |
Force Value (kN) 1?1:;1 | B.M. (kN.m)
E, 0.5x11.53%0.92=5.3 d+231 | 1224  +53d
E, 11.53x2=23.06 d+1 | 23.06 +23.06d
E,, 05x2x (2231153 =112 | d+ro67 | 75  +l12d
E, 22.73d d/2 11.37 &
E, 0.5xdx5.6d=2.8d’ d/3 0.93 &
E, 0.5x20x2 =20 d+067 | 667  +20d
B, 20 d d/2 1042
E ~131.53 d d/2 - ~65.77 d*
E, 0.5xdx13.84 d=—-6.92 d* d/3 -231d°
> 59.56 —88.8 d —4.12 d? 4947  +59.56d 4444 -1384d°
3- Safe penetration depth of SPW:-
- > Mg =-138d"-44.4d* +59.56 d+49.47=0
= d_=184m
= d., =12d, =144d =144 x1.84=2.65m
4- Maximum B.M. on the SPW:-
- At point of zero shear:-
- > F =59.56-88.8 2-4.122" =0
= z=0.65m |
= M. =-1.38(0.65) +44.4 (0.65)* +59.56 (0.65)+49.47
= M, =69 kN.m/m'
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- Example 3:-

- A cantilever steel sheet pile wall was driven across a water channel
to allow for the construction of a new irrigation structure. The high
water in this channel is 4m above the bed level. Soil below the bed
consists of a thick layers of sﬂty sand (®=30, C=22kN/m?),
saturated unit weight = 18.6 kKN/m’ ). If the water level on one side
of the sheet pile wall is lowered by 4m to reach the bed level:

e Determine the safe penetration depth.
o Calculate the maximum bending moment on the wall.

- Solution:-
NS G._\i/-.T.
4.0 By,
G.W.T. . 76.2 kKN/m? 3 -.25.4 kN/m? .
SN \Zv <57 “‘ 1 757 40 KN/
~— =L Ly =186 KN/
deal Ep“‘ =2 ? E
a — 1 P 1 ¢=22kN/m ] W
EPz \'\ (b 30° her
—_— \ .
\
o f .2 25.4+2.9 d kKN/m? 40 KN/m?
25.8 d +76.2 KN/m? o~ R
W
"
|
[ ] Av
1- Stresses acting on SPW:-
1 —sin 1-sin30° 1+sin 1
K, =g _1osind0 55 g o p_1 _;
l+sing 1+sin30 1 —-sing K

-0, =0, xK, ~ 2K,

-0, =(0)x0.33-2(22)4/0.33 =—25.4 kKN/m’

-0, =(8.6xd)x0.33-2(22)4/0.33 =2.9d - 25.4 kN/m’
-0';)'=a‘vpr+2c\/—I('p |

-0, = (0)x3+2(22)y/3 = 76.2 kN/m”

-0, = (8.6xd)x3+2(22)y/3 =25.8 d +76.2 kN/m”

-0, =7, xh, =10x4 =40 kN/m’
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2- Forces acting on SPW:-

-at h=h, =o0,=0
-5,=29h_-254=0 = h_=88m
-assume d_, <h,_ '
-E, =762 d

-E,, =%><d><25.8 d=129d*> KkN/m'

p
E, :-;:x40><4=80 KN/m'
-E, =40xd=40d kN/m'

3- Safe penetration depth of SPW:-
- 2 Mg =0

4 d d d
= E, x(d+=)tE —)=E_  x(=)-E_ x(=)=0
w X (2B, X (0) =By x(5) =By, x(3)

80x(d+§)+40 dx(-‘;-)—%.z dx(g)—12.9 & x(g):O

80 d+106.67+20 d* -38.1d*-4.3d’ =0
= 43d°+18.1d>-80d-106.67=0
= d,=34m<h, = OK.
= d, =12d,

= d . =12d, =144d_ =144 x34=49m

4- Maximum B.M. on the SPW:-

safe

- At point of zero shear at depth z frém dredge line

- > FE =0

= E, +E, +E, +E =0

~ 80-3627-12.92'=0 = z=146m

= M_, =4.3(1.46)’ +18.1(1.46)* —80 (1.46)—106.67
= M_, =171.51 kN.m/m'
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