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/SUPPORTED DEEP EXCAVATION
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/SUPPORTED DEEP EXCAVATION

Types of insitu walls:-

1 - Sheet Pile Wall (SPW):-

N NS
U-Shape
N N
Z-Shape
Sec. (X-X)

2 - Adjacent Pile Wall:-

¥ oy
@ D @
--Sec(XX)

3 - Tangent Pile Wall:-

H=5—H—S—

D

Sec. (X-X)

4

FH

X X
-W_
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eIzl o) gl Gl
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/ SUPPORTED DEEP EXCAVATION

4 - Secant Pile Wall:-

golin doduaad) Bloyadl o G5le> oo -

Plastic Concrete JI ;o ()1 Go3ls> g0
e al) Lalad) ol

Plastic Concrete = [Cement + Sand

R.C Piles

Plastic Conc./ + bentonite + water + additives]

w : - Cohesionless soil. \/

-6.W.T. \/

ol 3305JU clS ay ol 3 Uyl Plastic J1 gdlesd) Lk o5 Cus -
PIGS*EC . & - - s . > s .. s by .- - e
Pile 2 Jeed Cu Adn ol Voo Ul (o8 padiS Lao LN pl ) paasd gl -

cobal s Aesbe ol 538

5 - Diaphragm Wall:-

£35all Job JolS dliie 365 Hoduaad) Lo ol o Abiins Slellad oy -
Secondary Pannels ; Primary Pannels: . ;sS55, -
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PR
2 777777279 G >
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4-0of 30
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/ SUPPORTED DEEP EXCAVATION

6 - Soldier Pile Wall:-
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/SUPPORTED DEEP EXCAVATION

% Analysis and design of insitu walls: -

Ground surface

" N4
Insitu
Excavation depth = H Wall
L
»oJl ¢ dredge line _
- N4 |
safe penefration ¢ Section
depth
J"\ 4\
Steps of design -
1- Determination of the wall length "L".
where :L=H+t [ v e —
——> " .".|tis the required length

-bUT H is known _(The Penetration Length)

2 - Design of the wall SCCTl.'(‘)_:h."".

To design the wall section, we have to calc-t]!-éﬁ‘_ié’Mr'r_\dX_: -gic-”'rir_ig_bh_'.fh.ef wall..

Statical System of the wall

S N

(D Cantilever (2) Anchored Free @A‘nchored Fixed
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/SUPPORTED DEEP EXCAVATION

Loads acting on the wall: -

Loads
i v W
N wall deflection A
oW Earth Pressure \\
4 4 \
We will neglect \/ o \ Oq
this load P \\ \ active earth
passive earth pressure
pressure (Load)
(Resistance)
oW
% How to calculate earth pressure: - "Using Rankine Theory"
1- ACITVE earth pressuré ( o ):- | 2 -'PASSIVE earth preésure (Op -
sl e bl s il se Lol e bl i, his o
L) S5 eelay gilly ) | g o Labdl ey Loaie wil
| RS e e | | el S
Ca_lcu!a_ﬁqn_of(qa SO o |
o5 = OvK, - 2¢cy K,
Op = Oy Kb + 2cv K,
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/ SUPPCRTED DEEP EXCAVATION

Where :
1-sin®
- K -
" 1+sing S
1+sind 1
- Kp: = > 1
1-sin® K,

- K, = K, = 100 (when b =0)

Cb = 0:- incase of cohesive soil in undrained condition (C=C,= %U. )
- ois VT hov 4
Vogg = —1— Yb or Ydry : (above G.W.T) .
_ - - below 6. W.T
- ysub - ysa‘r, yw ( elow )
el UasUe -
STTYTTORN Y S e e
T oot e, s e S )|
SNy T ctension T e T
. eracks S8y e le sy Negative yakay 25

{.

RN

2 _J;_Jl

o tension ] N
hcr._ ELY) Ul CI”GCkS J) (5L g..)L...ou ra_,.i.)

SLbasdl e Lils Negative ) 2 320) 1as Jaas o3

load a5 Lol Resistance Zubiod) Jis paol Cus
(Which is not Critical)
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/ SUPPORTED DEEP EXCAVATION
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/ SUPPORTED DEEP EXCAVATION
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/SUPPORTED DEEP EXCAVATION

[1] Cantilever Insitu Wall: - [H< 5m]

gorae UL Solally Ll A5 5a01 5o (555 adlyb) asl BL) ase s cantilever JI -

o sl Logas [Fixation] Lilas 45,501 (ye

wle Balgial po5edl (o5l (Z)59)) pie) pore s JUs oo
[Fixation] CosUl LuSe (3 S el

C 77777777 >

-t U‘.S

Point of zero deformations

® °
a O
" 1

Theoretical depth at point of zero deformations
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/SUPPORTED DEEP EXCAVATION

2 U W
e Case (1) is unstable
Ltlol) 2,k s ,0T Go Bl o, Bl Lalad) oty S
Point (C)

Point of zero deformation

° CGS@(Z)
Aoy gy L) A5 ,20) JS5 satin (20% d) 5 lade Lolad) J ok 5005

oScls passive Wl activee EP JV JSo Jso3 Lan s (JWILs Point of rotation e

Ay A, Py Py Ll e s55a00 ol GUI Laal
LU ane W (20% d) Lbd) Jsb 5oL @l any -

Mq

couple of A;, A,at point C
couple of P, , P2 at point C |

p

SFD & B.M.D on Cantilever wall:-

1 At depth theoritical (d) .- - SED
RIS (2nd degree) \ - /

. SFD 2 Zero
. BMD 2z Zerobut Mmaxis very small

Sc\lr‘edge line |

2 - Mmax. at point of zero shear 1 | theoritical

below Dredge line. depth

N

20%d
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ﬁUPPORTED DEEP EXCAVATION

% Steps of Calculations: - f

S YW | =
H
) ")
dredge line
h 4 2 2
- f(dd ) f(dd )
theoritical depth = d £(d d2) td dz) ~
N \
N OE C 0_6

1- Calculate 07, Op, W.P till the unknown depth (d,, )
2 - Calculate the active , passive and water Forces.

3 - Calculate safe penetration depth (t):
Fro'rﬁ ZM@C :O -- "-"Appr'oxima’rion, where M @ C is'_a very small value"
o o (d) o I o,udl e Usles o,
S (AR (e ()d-()=0

YR ks Wslea) g
[t=1207120"(d,)
' Vi . % .
F.Q.5 for / F.0.S for
\ Y —  Passive Resistance Fixation
\
\ oo o ol Gacdl (&3 5oL OBl Gaedl o5 5oL,
\
\ Passive Jl W5 o) ,all Passive (P,) 5581 ags
small ;‘J oY Lol ()} diad LolS Couple Jy ¢ 4S3)
5 1 Jals Lol 65 a5

d BJ-- ¢
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/ SUPPORTED DEEP EXCAVATION

4 - Calculations of Max. bending moment acting onwall "M ":-

. Point of zero shear ila® wass Ugl oo M wass LU -
. Cantilever wall  JJ L. 3 dredge line JI Jiu) Wslo 85 P.OZS -

.dredge line JI 4o (Z) Gas e labyds -

- assume at depth (Z) is P.O.Z.S or >. F, =0

Miax= 20 M@Z= ( )z € )Z-( )z ( )

\auuL..;Jl p33ed) Uoles s
(d) oo Un (2) &8 oS

- M@z - . N
S R ez: —§-~ (IZHIZ () A g s |

Shear)) Jotes - pyed) doles Jolis

- Solve the equation & get Z

Mgz 3T M@Z= ()Z2()Z-()Z-()
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/ SUPPORTED DEEP EXCAVATION

Example: -

Calculate the maximum bending moment and safe penetration depth for the

shown cantilever sheet pile wall.

(2.00)
(0.00)
YV
| Sand
(-3.00) Yoo 2 18 KN/m’
=W b = 3 o°

Solution:- ' 7 2 .
1- Calculations of Earth and pore water pressures:- e
Sl N
%, = 0 - 2.00
Y N
L 1 - sub.
Oz, 2 0 + — *8%3m = 8Kpa
3 :
. S 3.00|
063:8+—*8*d' = 8+27d
' 3
%, = 0 d
\
Op, =0+ 3*8*d = 24d

Forsand ¢ = 30°

1-s5in30 1

KG: . 0:
1+sin 30 3
" :

K = — =

P Ka 3
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/ SUPPORTED DEEP EXCAVATION

2 - Calculations of Forces:-

EW=-1~—*5O*5: 125 KN/m’
1 2
E,,= 50d
E, :%*8*3 = 12 KN/m’
E, = 8d
1 x x — 2
Ey= 5 *27d*d = 135d
1 * x 2
E, = 5 *24d*d = 12d

3 - Calculations of penetration depth:-

assuming point (3) is point of rotation
ST M@3:0

5 d 3 d d od
B (5t ) By () - B (G d) - B () - Ea () v B (5) =0

3 2
355d-29d -137d-22033:=0

© d=11.86m "Theor'mcal Dep‘rh”

t -120*120*1186

-_-4 Calcula‘nons of M

- assume P.O.Z.S is at depth (Z) from dredge line.

3 2
"M, = 355Z-29Z -137Z - 22033
| 2
Z F, @Z= —g—M——@—;— = 106572 -582-137=0
dZ .
Z = T726m " < d"

3 2
.= 355 (7.26) - 29(7.26) - 137 (7.26) - 220.33 | —

= - 1385 KN.m/m'E

=
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ﬁUPPORTED DEEP EXCAVATION

Example: -

For the shown Cantilever SP.W :-
1- Calculate the safe penetration depth.
2- Estimate the Max. bending moment acting on the wall.

3- Design the section of the wall [f, = 1.40 t/em’]

(2.00)
(0.00) _
hd Sand
Y., = 18 KN/m
¢ = 30
Clay
Y., = 19 KN/m
Cuv = 40 Kpa
C = 5Kpa
P = 22
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ﬁUPPORTED DEEP EXCAVATION

Solution: -
X\ —
2'003 -
NS
WSand
3.00 B\ By,
X e W g O ‘]
ay E
d E4 2 . 19 KN/ )
E5 E C' = 5Kpa
AN __'3\_3 o
A T @
4,2 +4.1d,
Forsand ¢ = 30° For Clay ¢ =
K o t-sin30 1 ¢ . L-sin22 0455
“ 1+sin30° 3 ¢ 1+?in 22° '
_Kp.: ? = 219

a
1 - Calculations of Earth and pore water pressures:-

—g Gl - O ’Y
&3) . 1 - sub, . :
L e, = O* “3—'*8 3m = 8 Kpa
[ o5, = [3*8"]*0.455—2'*5*’«/0.45'5 = 4.2 Kpa
i, = 42+0455*9*d = 42+41d
& |
5 :
4 = 0 +2*54/219 = 14.8Kpa
| Oy = 148+9*d*219 = 148+197d

19 of 30




ﬁ)PPORTED DEEP EXCAVATION

2 - Calculations of Forces:-

Ew1: _}2._ *B50*5 = 125 KN/m'
EW2: 50d
1 x* X - i
El = > 8 *3 = 12 KN/m
EZ = 42d
1 X x* 2
E3 = > 41d *d = ‘2.05d
E4 = 148d
. *197d*d = d2
E5 = —2“ 97 = 9.85

3 - Calculations of pene‘rraﬁoh depth:-

assuming point (3) is point of rotation

S M@3=0 |
5 d 3 d . d d .
‘Ewl(“‘é*‘*d.)- E.WZ(T) - & (—§“+d) - & (7)' Es (—3*)+ E4 (—2—*)
4 _
+E5(““§—).-0

3 2 . o
.. 26d-19.7d -137d - 220.33=0
o d: 124m "Theoﬁi'fiéa.l Depth" ..

£ =120*120*124=1783m ~ {18 m !

4 - Calculations of M :-

- assume P.0.Z.S is at depth (Z) from dredge line.

3 2
M, = 26Z-197Z -137 Z-220.33
@ 2
S F, @Z-= mez -78Z2-3947-137:=0
dz
Z = 742m w < g
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/SUPPORTED DEEP EXCAVATION

3 2
2.6 (7.42) - 39.4(7.42) -137 (7.42) - 220.33

'- 1260 KN.m/m'I

If it is required o design a section of the S.P.W:-

=

max.

M
get Z = section modulus = T

fs

1260*10 3
- - 9000cm/m
1.40
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/ SUPPORTED DEEP EXCAVATION

%% Anchored Walls:- [, 5.,

1a® 5 Ao sSenand] Lt oo}

o =>>

N4

H > 5m !

d dredge line |
" /4 ‘\

B " Cantilever wall

Cantilever pUs olasin) Gewa B H > Bm S uM'M' Gas 5% Levie - "
sisl olwll wlsy L) gaJl u,,u}m mj

Lol gl Sy M lo ﬁ,SJastAn sle Wgdl osell u,iw @
—'aﬁw‘dﬁhw-‘)wu“bﬁf (t)d'w'wﬂcwusbﬂsuﬁs :

§ | - wl_\)y..,@uuj B

Ll 45).\ B dayu@b@wm‘,ys & sl 45 U1 u}sw @

o_)_gl_ovo.“ g_)L...u.oJ' d‘L‘: ).:_9.» A5 Leo oJ}L..»o.“

- (@) Anchored Free (b) Anchored Fixed
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/SUPPORTED DEEP EXCAVATION

[2] Anchored Free Wall:- (¢, .ot support]

- r:Lla:L” ’:Lm G‘é‘.

Fixation Jacs U (5,U) 6 5 sdaad) 520 Law

point of zero deflection

. stable and statically determinate $55 pUadl lia (3 Lalad) o) baU JWIL, -
oo Ul Jx 10 L) e dogsad) dalnall (48 509> 9adl  passive  J) 543 Jac3 Cas -
cactive ) 1,50 it ool Lalod) 15 (ole Uadlod (¢ ledi SUppOrtl) s SUppOrtS

Wi i) o il s JS5 e 55 pUndl M (o5 pllae)) passive  Ji 55 -

deﬂechon zero WJ' e aie (5% Cusw (d) Get ¢»

‘S. F D & B M D on Anchored fr'ee wall -

BMD
1"-"Af"pb'irif(e;)' B SR S
SFED = Zero
BMD = Zero H

2 - M __at point of zero shear which
max.

may be exist under or above t

the dredge line.
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ﬁUPPORTED DEEP EXCAVATION

2% Steps of Calculations: - 1

*x Y | =
A E
|
R
EZ sz
theoritical depth =d | ¥‘__E‘3
4 o

<

C

1- Calculate 07, 0, WP till the unknown depth (d,)
2 - Calculate the active , paséivé and water Forces.
3 - Calculate safe penetration depth (t):
From > M@A=0 |
(d) b W a0l e Wolee 55

S (O)dR()d - )d-( )0

-_(dfh-_)_é Vm = .&uf;,_ Uoleadl g
ft=120%(d,)
; |
F.O.S for /

Passive Resistance

4-Take >. F, =0 For all the wall until the end at (d)

? get F, = v~ KN/m’ (load on waling beam)

reaction

ﬁof 30




/‘SUPPORTED DEEP EXCAVATION

5 - Calculations of Max. bending moment acting on wall "M ":-
=t Leg sy U3 SLLSU, Haadl ¢ 8 Co3 ) Gp9 P.OZS M ddads 555 a3 pUnll Jis (49
- Calculate >’ active and water pressure Forces above dredge line = >’ E,,

Example:- (From figure)

z Eu,w: El * Ew

1

if > E.n> Fa —> .. P.0.ZSis above dredge line
reaction :

if > E.w< Fa —=> .°. P.0.Z.Sis under dredge line
reaction

- -LSL...:AJ'oJ_m (3""" (5.9-9'” u_.x.-...o.._vrm.)
> F, @y =0

S e ales e Jass JUL,

o | ._Y'-g—;’_aﬁim‘- Y
()y-( )y -()=0 _
f7>961‘- -

M . =2 M@y=0=+v"KNm/m’
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APPORTED DEEP EXCAVATION

Example: -

For the shown anchored free earth support steel sheet pile wall, it is required
to :-

a) Calculate the required embedment.
2
b) Design the S.P.W section (fy; = 1400 kg/cm )

X
2.0
B
2.0
R
20 : - -Ksa‘r.: 19 T/m3 'qun.: ]O T/mz
¢ = 20 ¢ = 04 1t/m
=W
C . Sand
- b/sm_— 19 t/m’
¢ =30




/SUPPORTED DEEP EXCAVATION

Solution: -

Forsand ¢ = 30°

K

a

Kp

For Clay ¢ = 20°

-sin30° 1 1-sin20
1 Sl.n - Ka _ Sl'n = 049
1+ sin 30 3 1+sin20 .
1 .
[ = 3
KG

1- Calculations of Earth and pore water pressures:-

. Sand
S

Silty Caly

Sand
;R

j=]

SEE

1

A

1

I 2
2* 37 = 067 t/m
067+ 3~ *18* 4m =310 tm"

[2+4m*18]1*049-2*04*+[0.49 = 395 t/m' .

3.95+049 * 0.9 * 2m = 483 t/m"

[2+4m*1.8+2m*0.9]*~13—~ = 3.67 t/m
1

3.67+“§“*O.9*d = 3.67+03d

O + 3 *09*d

n
N
~

. Q

0

27 of 30




APPORTED DEEP EXCAVATION

2 - Calculations of Forces:-

IR S :
1-2—22—2t/m

E,, = 2d

m
=
]

E, =067 *4m = 268 t/m'
1

E, = 5 *(3.1-067) * 4m = 486 t/m’
E;=395*2m = 79 t/m’
E, = %— *(4.83-3.95)*2m = 0.88 t/m'’
E, =367d
1 2

E, = —~ *03d*d = 015d

1 2
E, =5 *27d*d = 135d

3 - Calculations of penetration depth:-

assuming point (4) is point of zero deformation

2, mea=o

—-~Ew'1_(-_3_.3-3)__'-_ E,, (4 + ;dz—)":el (zero) - E, (O__.67)-—_- Es (3)_----64_('3.33).

2oood 2d 2d |
-E5(4+7)-E6(4+*§—)+E7(4+—§“)=O

3 2
08d+48d -2268d-3655=0

"~ d=398m "Theoritical Depth"

t =120* 398 = ;
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/ SUPPORTED DEEP EXCAVATION

4 - Force in Support -

> F. =0

Ey+ B+ By Eg+ Eg+ Eo - E;+ By + By - F4 =0

2
. Fy =268+4.86+7.9+088+367* (3.98)+0.15* (3.98) + 2 * (3.98)
- 1.35* (3.98)

F, =219 t/m' load on waling beam

5 - Calculations of M. :-

2 Baw= By v Epv Eyv Egv By = 1832 t/m JF =219

P.0.Z.S is under the dredge line

assume P.O.Z.S is at depth Z under 4
. theD.line 2 68
. \ 486
- Oa, = 3.67+03Z |
Cnonzerz g
T \\ 0.88" 2
E, 23677 £ €y
1 2 6 |
E, = > 03Z2*Z = 015Z T & IS ) B

m
"

1 2
7= 5 *27Z*Z = 1357

2Z

m
z
I
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/ SUPPORTED DEEP EXCAVATION

S F @®Z=0

2 2
. ~268-486-79-088-367*Z-015*Z -2*Z -2+135*Z +219=0

2
. 127-567Z+358=0

. Z=075mor 3.98m doledt J> e

z < d b}ﬁf.}U»\-}S'

. Z=075m

M .. =2 M@Z= (219-268)* (4.75m) - 4.86 *4.083m - 7.9 * 1.75m

M =

max.

The section modulus =

(088+2)*1417m—

075
3

0.75
2

*[ 0.15* (075) +135(O75)]

*(367*075+2*O75)

52.12 mt/m’

max.

) fall.' '

* ' '
| 52127100 o s )
140 3723 em/n ) —
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