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| - 1- Design of anchored free SPW:

T STV

<

statical system

- Steps for design:-

Al 22 4 SPW U statical system ) -
el e JsS L simple beam e 3)le
oo pbe Al b Al Gae o e Wl (]
@ SPW 1 e’ 5y hinged support |

1- Calculate stresses acting on SPW:-

- Calculate active earth pressure,
passive earth pressure  and
water pressure as a function of
dcal-

= eq. in 1% degree in d,

—:u_\:\ LS Adladl 52a
¥ ST
. G.W.T.
o =
CWT. 0 =W Yop -y =W
dcal
A S ho=W
7 - £d) RRC) Tl

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,.

= eq.in 2™ degree ind_,

3- Calculate the safe penetration

2

Ep = F(dz) Ea3= F(dz)
~ a. = f({d
(}p =1 (d) a, (d)
depth (dgre):-

> M, =0
= eq. in 3" degree in d
= d, = v

cal

- dsafe = 12 dcal




4- Calculate F ,:-

>F =0 = F, =V

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

o D'redge‘ line 1 5 Point of zero shear 3 \Sa o< of oS Aladt o 0 - -
—:&us Dredge line M 348 > P, by st ellhdn o

i-If > P,>F, = Point of zero éhear is above dredge line.

ii- If ZPa< F, = Point of zero shear is below dredge line.

i- If point of zero shear is above dredge line:-

- Calculate active earth pressure and
water pressure as a function of z. ¥

= eq. in I* degree in z A

- Calculate the resultant forces of active
earth pressure and water pressure as a ahmbale obeds
function of z.

= eq. in 2™ degree in z

- YF, =0 =F, -E -E =0
= z=+

= M, =M,

ii- If point of zero shear is below dredge line:-

- At point of zero shear at depth z from dredge line
->F, =0 = eq.in2" degreeinz
=z=\ = M, =M, |

i=



- Example 1:-

- For the shown anchored free earth support tangent pile wall:
e Determine the safe penetration depth.
e Determine the force in the tie rod if the spacing between
anchors is 2.5 m.

- Solution:- .
1- Stresses acting on SPW:- 18 kN
N S REREEERRE
~1-sin22° - ot T i
-K, =———=0.455 1.5 Fy
. 1+sin22 T : —
-1 . A Silty Clay
+ Sin : Y =19.5 kN/m’
- Kp = ——=2.2 %> Km
1—-sin22 45 ' g\ ¢ zzl:N/
! c = m’
-0,=K, -0, -2c- K,
_ / 23.73 kN/m? ,
- O-p = Kp ‘O, +2c- Kp * _ 7 m4 5 - 50.63-AN/m?
Ep, Ea,
d -
Ep, Ea,
E . 5 :
23.73+42.9 d KN/m? 3 50.63+8.87 d kKN/m?
Point | K,/ K, C oy (kPa) o4/ op (kPa)
(kPa)
1 0.455 8 : 18 -2.6
2 0.455 8 184+6x19.5=135 50.63
3 0.455 8 135+19.5d 50.63+8.87d
4 2.2 8 0 23.73
5 2.2 8 19.5.d 23.73+429d

-Ath=h_, o,=0 |
= o, =0.455(18 +h_ x19.5)— 2x 8x~/0.455 = 0
=h, =029m




2- Forces and XM 54:-

=0, =-26+887z

2

-E :%x(—2.6+8.87 2)x(z-029)

=4.44 72 -2.59 2+ 0.38 kKN/m'

Z

Force Value (kN) Arm (m) B.M.ga (kN.m)
E, 0.5x50.63x5.71=144.55 26 | 3758
B, | 50.63d 4.5+d/2 227.84d 42532 &
E, 0.5xdx8.87 d=4.44d> | 4.5+2d/3 19.98d*>  +296d°
E, -23.73 d 4.5+d/2' -106.79d  _11.87 d2
E, 0.5xdx42.9 d=-2145 d* | 4.5+24/3 -96.53d*> -143d°
Y | 144554269 d-17.01 4 | 3758 +121.05d  -631d> -1134d°
3- Safe penetration depth of SPW:-
- Z‘M@O_ =-11.34d’ -63.1d* +121.05d+375.8=0
= d,=274m
=d, =12d,=12x274=329m
Y E =0 |
j | Eal +Eaz +Eas B EPx N EPz B FA =0 .
= F, =144.55+26.9 (2.74)-17.01.(2.74)* =90.55 kN/m'
- Force in Tie rod =F, xS=90.55x2.5=226.4 kN
4- Maximum B.M. on the SPW:-
YR . =14455KN/m' > F, =90.55 kN/m'
=> Point of zero shear is above dredge line '
18 kN/m?
- At point of zero shear :- , i
- A REREEEER
-0, =0.455(18+19.52)~2x8x~/0.455 T h.=0291 74




Y F =0
= E, -F, =0
— 444 72259 7+ 0.38—90.55 =0
— 4.447°-2.592-90.17=0
= z=481m
z—0.29
3
= M, =90.55x3.31-90.55x1.51 =163 kN.m/m'

-M,,., =FE,x(z-1.5)-E, x




- Example 2:-

- For the shown anchored free earth support tangent pile wall:
¢ Determine the safe penetration depth.
e Calculate the maximum bending moment on each pile if it is
60 cm in diameter and spaced with 75 cm center to center.

_ . 2.14 Um’_ 1
- Solution:- -] 1.0 VA R T
.\‘.1 . “‘ Q —_—
Note:- N . I 036t,mz“ G.W.T.
cr
ualsd aladaul LEP. I claa 25- Yy = 1.75 t/m’ :
Drained condition 1 & 4,5l 50 Vsat™ 185 U’
- . - : cy= 5.0 t/m’ E
.More critical &Y (¢, @) Ea1 c =1.5t/m’ "
= 19°
1- Stresses acting on SPW:- 4 SWI  e2tvm sL1,, t/m2 5.0 t/m?
z
- 1-sinl9° AN B
-K, =—=0.51 E _
1+sinl9 d P Ea, | Ew
1+5sin19° | Er; Ea;
-K, =———==1.97
1-sinl9
| 621 V1.81+0.43 d ym2 I 5.0um?

-0, = O's 'Ka _2C’\/Ka ¥ 421+1.68 d tm?
-0, = (O)x%—2(1.5)\/0.51 =-2.14 t/m?

-0, =-2.14+(1.75x2)x0.51 =-0.36 t/m°

a

-0, =-036+(0.85x5)x0.51=1.81t/m"

az

-0, =1.81+(0.85xd)x0.51=1.81+0.43 d t/m’

-o,=0,-K, +2- /K,
- 0, = (0)x1.97+2(1.5)v/1.97 = 4.21 t/m’
-0, =421+(0.85xd)x1.97=4.21+1.68 d t/m




2- Forces acting on SPW:-

-at h=h, =o, =0

-0, =(1.75x2+0.85h)x0.51-2.14=0 = h_=0.89m
-E, =0.5x1.81x(5-0.89)=3.72 tm"

“E, =181xd=181dtm

-E, =0.5x0.43dxd =0.215 d* t/m’

“E, =05x5x5=12.5 t/m |

-E, =5xd=5dt/m'

-E, =4.21d

-E, =0.5x1.68 dxd =0.84 d* t/m'

3- Safe penetration depth of SPW:-
- YM, =0

= E, x(1.89+

07080y g x(or )b, x(6+ 2y er

+E, ><(6+g)—E ><(6+g)—E '><(6+3q)=0
2 2 P 2 P2 3 ‘
3.72x4.63+1.81dx(6+-)+022d ><(6+—3—)+12.5><3.33

+5 d><(6+g—)—4.21 dx(6+g)—0.84 d2><(6+%q):0

= -041d°-2.42d*+15.6 d+58.85=0

= d, =553m = d,=12d, =12x553=6.64m

- > E =0

= E, +E, +E, +E, +E, -E_ ¥Ep2 -F, =0

— F, =3.72 +1.81(5.53)+ 0.22(5.53)2 +12.5 + 5(5.53)
—4.51(5.53) — 0.84(5.53)?

= F, =11.64 t/m'

safe



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

Z-P,a@bovedmdgenne) =3.72+12.5=1622 t/m' > F, ZVI_O l'é] Led v
= Point of zero shear is above dredge line A:1-0 : G.W.T.
- At point of zero shear :- - ' 0'891 =
-0, =(1.75x2+0.852)x0.51-2.14 1z hrE—
~0437-125 t/m’ | I |yl

. 2 aZ
-0, =1.0xz=zt/m

-E, =0.5%(0.43 2—1.25)x(z~0.89)=0.22 z° —0.82 z + 1.11 t/m'
-E, =05xzx2=0.5 z' t/m'
YE =0 = E,+E, —-F, =0

= 0227°-082z+1.11+ 052 -11.64=0

= 0.7272>-0.822-12.75=0
— z=4.82m

= M, =F, x(z+t1)-E_ x%x(z—O.89)—szx§xz
L 2 2
= M, =11.64x5.82-2.27 ><§><3.93 - 11.62 ><—3—><4.82

= M, =24.46 m.tm" |
= Mpapic = M XS =24.46x0.75 =18.35 m.t / pile

- -max/pile



2-Design of anchored fixed SPW

T Alall o2a & SPW Al statical system i —
q < —:Laag 2 supports gl 5)S (e 3)ke
a9 Anchor I ddadgy copinll ddasy —)
-hinged support ;e 8le
d
L statical system 534 & oyfaig dapll 8 ueul\ (ec —Y

.Fixed support e 3)le Al

oo ple Alall o3 3 SPW 1 statical system J o oty G loe =
o Y as Ko ¥ Jull, Statically indetermined structure
Al daslas 45 b

Ground surface Ground surface

ST il N

N N7
4 e 1 \
A é Elastic line 4 E,
H N\ J .
Dredge line Dredge line /.
Active

point of rotation

ST _ T 77571
point of zero B.M.

x . \

/ d \

Passive \

/Active Q

LO.ZO d Passive

AN

B.M.D.

u‘@hmgjuujﬁmeMmBM B of St BOMLD. 3 0S5 e —
- ;uu)sal\ g8 e X See e B ik xic Intermediate nge deng )i

.given ALl L olaea x dilall 6 of Say =)

.(table is given) Jull Joaall alasinly x ddbaall (et oSay =Y

20

25

30

35

40

0.25

0.15

0.08

0.03

0.006

10
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- Steps for designf-

1- Assume the location of point of zero B.M.:-

- Assume x =V (given or from given table or x = 0.1 H)

2- Calculate stresses acting on SPW:-

- Calculate active earth
pressure, passive earth
pressure and water pressure
as a function of y.

= eq. in 1" degreeiny

2- Calculate forces acting on SPW:-

¥ ST S
A Fa
o G.W.T.
| _GewT. |
X ? _
| I — % =W
p B —=F;
_ B "‘—FB
.\F O‘p =W g =W
) a
y
AT = f
o =£©) o_R_"a 1)

Ywhy="

YDy =W

YDy =W

Yo -hw=W

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

= eq.in 2™ degreeiny

x

H

E a, F(y)

E,=F)

O<———R o, =f(®




3- Calculate F, and Fp:-

ZMB =0 (For the upper part) = F, = N
ZFX =0  (For the upper part) = F, =+

4- Cal'culate‘ the safe penetration depth (dg,g):-

ZMO =0  (For the lower part)
= eq. in 3™ degree iny (Find y by trial & error)
S y =+
= da=x+y=Y
= d, =124
—d_ =12d, =144d_

safe

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

2 Points of zero shear »»s Anchored fixed SPW 1 als & -

el b & 53Y1s (above point B) (sslall il B ad Lealas)

WS Point of zero shear K (1S (el i (below point B) el
—:&,;:3

1- For the upper part:-

s Dredge line 1 35 Point of zero shear J olSa 058 of ¢S —
—:Zua Dredge line 1 (348 ZPa luny o680 <l Ad jm ol 4ias

1- If ZP ~>F, = Point of zero shear is above dredge line.
a(above dredge line) A .

ii- If ZP ~ <F, = Point of zero shear is below dredge line.
a(above dredge line) A .




i- If point of zero shear is above dredge line:-

- Calculate active earth pressure and water pressure as a function of z;.
= eq.in I* degree in z,

- Calculate the resultant forces of active earth pressure and water
pressure as a function of z;.

= eq. in2nd degree inz,

T ZFx =0 zZ
= 7, =V
: Mmax :MZI "o

ii- If point of zero shear is below
dredge line:-

- Calculate active earth pressure, passive earth pressure and water
pressure as a function of z;.

= eq. in 1" degree in z,

&

A

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

= eq. in 2™ degree in z,
- ZFX =0 =z =V
= Munax=M '

Z

Yw D w

2- For the lower part:-

- At point of zero shear at depth z, from dredge line
- ZFX =0 =z, = v
= eq.in 2™ degree in z,

= z,=V = M, =M

Z



- Example 3:-
- For the shown anchored fixed earth support tangent pile wall, where a
point of zero moment can be assumed at depth of 0.75 m below the -
excavation level:
- o Determine the safe penetration depth.
¢ Calculate the maximum bending moment on each pile if it is
60 cm in diameter and spaced with 75 cm centre to centre.

. . o -2:14 t/n‘1_2_ 1

- Soluﬁon. Tro . ) é] e ST
Note:- R -0.36 t/m‘:‘\l . G.W.T.
SRENCRIE Y. 5 A JUTRERE B A

Drained condition 1 _a &5l 5o Vsar™ 1.85 t’

: cy=5.0t/m*
.More critical &Y (c\, (p\) _ i S=15tm’ | = Eﬁl
| _ ai (b\:_ 19° )
1- Stresses acting on SPW:- § oW . AN 5.0 Um?
10.75 LD 4] - az —~—p—— sz
-x=0.75m = P2 s47um> TR —E%m—Ea]- 5.0 tm?
B
—sinl9° F
-K, = -———1 anigo =0.51 N - B4‘m B 5.0 Um?
1+sin . \
K, :'1+s?n19° 197 y Ep, _ Ea4_E | B,
1-sinl9’ | 7T, J‘—-“
-0, =K, -O'\\, —2¢c- /Ka e | 305 2.13+0.43 y tm? 5.0 t/m?
47+1.68 y t/m?
R

-0, =(0)x —;— —2(1.5)4/0.51 = -2.14 t/m*

-0, ==2.14+(1.75x2)x 0.51 = ~0.36 t/m’

- 0, =—0.36+(0.85x5)x0.51=1.81 t/m’
- 0, =—0.36+(0.85x5.75)x0.51=2.13 t/m*
-0, =2.13+(0.85xy)x0.51=2.13+0.43 y t/m*
-0, =K, -0, +2¢- /K, .
- 0p, =(0)x1.97 +2(1.5)v1.97 =4.21 t/m°
- 0p =4.214(0.75x0.85)x1.97 = 5.47 t/m’
- 0p =5.47+(0.85xy)x1.97=547+1.68 y t/m*

N




-2- Forces acting on SPW:-

-at h=h, =o0,=0

S0, =(175%2+0.85h_)x0.51-2.14=0
-E, =0.5x1.81x(5-0.89)=3.72 t/m'
-E,, =1.81x0.75=1.36 t/m’

-E, =0.5x(2.13-1.81)x0.75=0.12 t/m'
-E, =2.13xy=2.13y t/m’
-Bas=0.5x0.43yxy =0.215 y* t/m'

-E, =0.5x5x5=12.5 t/m'

-E, =5%0.75=3.75 t/m'

-.Ew3 =5xy=5 y t/m'

-E, =421 x0.75=3.16 t/m'

-E, =0.5x(5.47-4.21)x0.75=0.47 t/m'
-E, =547xy =547y t/m'

-E,, =0.5x1.68 yxy=0.84 y* t/m’

3- F, and Fpg:-

ZMB =0 (For the upper part)
. | 0.75
2

0.75. 0.75
2
= F, =5.9 t/m'

Z,Fx =0 (For the upper part)

=N 3.72><(O.75+§)+1.36><(

+3.75%(

)4+0.12x (

) =316 (=)= 0.47x(

= h,

0.75

3
0.75

3

=0.89 m

)+12.5><(O.75+§)

) ~Fax(6.75)=0

= 3.72+1.36+0.12+12.5+3.75-3.16-0.47-5.9—-Fs =0 -

— F, =11.92 t/m'

o



4- Safe penetration depth of SPW:-

ZMO =0  (For the lower part)

| Yy Yy y Yy N
= Exyv +E. x(=)+E x(=)+E x(=)—-E x(=)—-E x(=)=0
XYy +E, (2) N (3) v, (2) o (2) oo (3)

11.92y +2.13y (%)+o.215y2 -(—;/—)+5y-(%)—5.47y-(%)—0.84y2 -(%) =0

= 021y’ +083y2+11.92y=0 = y=977m
= dy=x+y=0.75+9.77=10.52m.

= d, =12d,=12(1.2d,)=144x10.52=15.15m
5- Maximum B.M. on the SPW:- 3 1 57
_ jl.O é] 11.64 m
1- For the upper part:- (10 W T
\ i 0.891 2 =
2P . =372+125=1622tm"' >F,
. _
= Point of zero shear is above dredge line \ E, E,,
- At point of zero shear :- : L -———O___._J_U _
aZ WZ

-0, =(1.75%2+0.85 2)x0.51-2.14 =0.43 z—1.25 t/m* -
-0, =1.0xz=2zt/m’ |
-E, =0.5x(0.43 z—1.25)x(z~0.89) =0.22 z* = 0.82 z+1.11 t/m'
-E, =0.5xzx2=0.52" t/m'
Y>E=0 = E, +E, -F, =0

= 0227°-0.82z+1.11+0.52> =5.9=0

= 0.722°-0.822-4.79=0
= z=321m

m

= M ax, :—FAX(Z+1)+E§Z X%X(Z-—,O.89) + Ewz X%XZ.

= M, =—59%5.82+2.27 x§><3.93+11.62 x%x 4.82

= M,,,, =8.95 m.t/m'




2- For the lower part:-

- A’t point of zero shear at depth z, from dredge line
->F =0

= E, +E,_ +E, +F—-E, —E;, =0

= 21324021522 +52+11.92-5.47 2 0.84 7% =0
= —0.6257"+1.66 2+11.92=0 = z,=5.86m
= M,,,, =—0.21(5.86)" +0.83 (5.86)" +11.92 (5.86)
= M, =56.1 m.t/m'

= Mpie = My, XS =56.1x0.75 = 42.1 m.t/pile

max/pile

e




- Compare between different systems of SPW:-

1- Cantilever SPW 2- Anchored free SPW 2- Anchored fixed SPW

¥ N Z 7 ¥ ST ¥ U Z0 7

Aé-————-FA A%_IA

H|- B H
M .
max
M . ( ' 7 v

N/ N 7 max
d d d
M max
A 2 7
. BMD. B.M.D. B.M.D.

1-d, >d, >d,

2-M, >M, > M,

2- FA2 > FA3

—:dala alBiadl -

Aabaall ¢ 1Y) e L Sl Jeall oo Labaiyl dalill -y
cOne g5 OLERT G g¥) daadag adpall Cag ol Lule (g 8 Y

PRI Ome e e SV Al 8 e Aide 3say Alls b D -
.Anchored free SPW

fixation cusy is 50€ () Geal zlad Wl aad Ageal) 4l Al iy -

seAnchored fixed 1 Js (1S Tas 5508 pg5ell s Allall 538 iy
.Lgdhaﬁ\



- Ancliorage system of SPW:-

waling
beam 1

ST ST ST

Wailing beam (<« Anchorage system 1 ;< —
o daliedl b pall of cudall e e 3ilie A
FRT C'_I:uﬁ ‘a':\JJ SPW 1 cA'é)Al\.nA'é)ASﬂ o..JAJ .J:m;.“ :

—:lgie (3 Baxy 5 .Sl

1-- Struts:- (compression members)

Jaran Jeath galie Hladiuly Jalall 0 Wailing beam 1 i 2y 44 -

strut

NN NS

i alpan —

L2810 A g 4 g -
Aadiie 43I —Y
sl sale) (S -

Jia dhghall jasd) atcuag PR PRECE
'L.SA"A'“ L—Q)mjb aLJA\ | (AW .359..13

—iaspe -
Sl iadl e Und b o3 (unaay —)
dsall 3 il Gy -

Buckling J Jesial S g Ul 2 lingy ¥




2- Tie back:- (tension members)

waling
beam }

STSTS7 o e Wailing beam 3 i & 4d g -
Tie (Tie) S by s f ol 8y5ule Gob e
Ut GsSi grout 4l s Jee ae 4l Ja

oo il Jea Tie ) Jsn ki all e 45

Al Al ANy MSEAYT sk
~rdiles T
cdsall B 2Tl Gaay Y )
2Bsall yslaall dahaiall jaad mlay Y ;Y
wl;a Giline agag Als 8 daladind Sy Y
e
Anll € gl iy g dadipe 43S )
) U Ayl A pa s Cilalea) B caudy Y
Byslaall i) cilubl Caisil 5u€ Baal Jg50 camy Y

ool qe iy ciadl Ll ¥ Dl s LaneS aaladiad oKay Y -4

21 f.;..fJ



3- Tie rod and dead mass:- (tension members)

- e

o 0« Wailing beam 1 ot 5y 485 —

e

waling _ — g 2 SPW A cuilay jasll Gyl e
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-Braced Excavation (Multi-Anchored system)
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