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Rainforcement ‘R-Neinforcement

{a) Gravity wall ic) Cantilever wall

Caunterfort

{d) Countertort wall




DESAIN OF GRAVITY AND
SEMIGRAVITY WALLS

Allowable stresses

fps e o
i 5<,[,Tf'C 042¢ V/f,
= 0.85¢f, 0.85¢f,

=2/

1= 065 f, = psi or MPg }
=S o et o D PO

5 ension (possible)
l‘

e’ On any horizontal plane as b4°
the shear stress (v) is:
=
128°
Compression
Y8 AXTH Q‘—:J <
128" [] 7] =

<
._VC




DESAIN OF GRAVITY AND
SEMIGRAVITY WALLS

Soil data:
Backfill Base soil

18.5
0

275 kPa

f.'=21MPa f=042¢/1." ¢ =065
0. =0.16¢/f." ¢ =085

SoLuTION
Step 1 Find the lateral wall force using the Rankine K :

K,=0321 (Table 11-3)
P,=4H?K, =14 x 17.5 x 7.1 x 0.321 = 142 kN

i -3
i P, = 142 cos 10° = 139 P, =142 sin 10° = 25 kN




DESAIN OF GRAVITY AND
SEMIGRAVITY WALLS

1 Compute wall stability. Neglect soil over toe and do not use passive pressure.

Weight, kN

0.15. 227
5<—+——x58+227x04x§ 2.6*

1.8 b , " :
The sliding factor of safety (and neglecting any passive pressure) is

0.9

58 ™ ;
05 x = x 048 x 236 0.5 TRE ST

: 0.9 x 3.4 x 23.6 = L7 22 Take cohesion ¢, = 0.6c = 0.6 x 137.5 = 82.5 kPa
| [iertical component of soil pressure) - 34 85

— e = = 2.5 = '
Total W = 457 kN Total M, = 878 kN-m Botiogem Oth IR

*Using approximation of centroid at 2.27/3 from shear plane. also O.K.

Treoverturning safety factor is

OK.

#{ Compute actual soil pressure:

457 0.5
q=P1i6_” _ 1 X os3kpaman) <275 OK.
A TL) T 34 34

16 (min)



DESAIN OF GRAVITY AND
SEMIGRAVITY WALLS

atx =0.15and V = 37kN.
For load factor = 2, d = D for no rebars, and

LF xV 2 x 37
= v

WSS "= 1% 09

= 82.2 kPa

v, = 0.16(0.85)./21 x 10 =623 kPa>82 OK.
Figure E12-3) (b) Tension check :

x 253x%  69.7x3
M=| Vdx = -
o 2 6

Step 5 Check shear and tensile bending stresses in toe at 0.15 m from edge;
E12-3b.

atx =0.15and M = 2.81 kN-m.
(a) Shear check:

bh?
g =253 — 69.7x LF=2 aern

V= j (253 — 69.7x) dx _ 6(LF)M
¢ bh?

2 P—
e By OB1% Allowable f, = 0.42(0.65)/21 x 10° = 1250 » 42kPa  OK.
2

Step 6 Approximately check f, at 4 wall height (3.5 m from top; =~3.75 at slope):
Approx. M = 4yH?K  j cos
5 3.75 :
M = 4(17.5)3.75)%(0.321) 7 cos 10 =48.6 kN m

Find wall h at 3.5 m by proportion:




DESIGN OF CANTILEVER
RETAINING WALL

Other data: f! = 3 ks;j S, = 60 ksi

7e = 0.15 kcf LF = 1.8

Backfill soil :
Batter on front face of wall = ] : $ = 34°
Top = 16 in T et

No water

Base soil: ¢ = 32°

7Y =112 pcf
Figure E12-44 ¢ = 0.40 ksf




DESIGN OF CANTILEVER
RETAINING WALL

SoLuTioN (Values shown in sketch from optimizing using a computer program.) Estimaielf]
from cgs to soil interface to allow approximately 3.0 in of clear steel cover.
Step 1  Establish stem dimensions; round to even values:

Part Weight, kips Arm, ft M, ft-kips
P——— o o e b e ies rommme Rt | is il o
Stem uses H = 26 ft. 0.5(26 + 27.65) x 0.115 x 9.5 =293 9.67 2833

. 1.33 x 26 x 0.15 s 8,204 A0S 21
o 2 =
P, = 0.5(0.115)26)°(0.294) = 11.43 kips/ft 0.5 x 0.59 x 26 x 0.15 12, 339 40

P,, = 11.43 cos 10° = 11.25 kips/ft 242 x 14.42 x 0.15 52 . 791 375
. ' = 26 1442 37,
v, = 26/’ = 0.09311 ksi 5

_ 11.25(1.8)

K, =0.294 [Eq. (11-8) and Rankine value]

Y W=435 Y M, = 3844

t=——"""=1814+35=216 s e e e ey ik s T L S
(0.093)12) :

15.1 x 30.1

Top = 21.6 — 26(0.25) = 151 Use 16 in The overturning moment M, = P.,j = -

= 151 ft- kips/ft

To maintain even dimensions

LM,

t =16+ 26(0.25) = 22.5 Use 23 in The safety factor F =
Step 2 Compute overturning and sliding stability for wall: The safety factor against sliding will be based on using 3 ft of the depth of soil at (il
H' =26 + 242 + 9.5 tan 10° = 30.1 ft (allowing at least 2 ft to be lost from some means). Use 0.67c.

30.1

32
P, = <Y) 11.25 = 15.1 kips/ft K,= tan2<45 - 7) =3255 /K, = 1804

P,, = 15.1 sin 10° = 2.6 kips/ft The friction-cohesion resistance F, = 43.5 tan 32 + 0.67(0.4)14.42 = 31 kips

From these data and wall dimensions we can set up the following table: From integration of Eq. (2-45),




DESIGN OF CANTILEVER
RETAINING WALL

P,=%4yH’K, + 2cH/K,
P, = 0.50.112(3%X3.255) + 2(0.4)3)1.804) = 6 kips
Y F, =31+ 6 =37 kips

7
The resulting = = O.K.

low locate the resultant = )° W on base and the eccentricity. Find £ with respect to t
fck-compute the eccentricity:

3844 — 151

14.42

L
—-537=1841t< 3 OK.

Jip3 Compute bearing capacity. Use ;equations in Table 4-3 and actual soil pressure:
qu=CcN_d i, + gN,d i, + $yBN d, i, (Tab
B = 1442 — 2(1.84) = 10.7 ft
=355 / 3:2 N, =208
i, =042 ] ’ i, = 0.309
=119 : d, =10
qun = 0.4(35.50.42)1.19 + 5(0.112)(23.2)1.13(0.44) + 0.5(0.112)10.7)20.8(0.309)

=71+65+39=175

#lual soil pressure

6e\ 435 6(1.84)
T T 1+ ——| =301 + 0.76)
L) 1442 14.42

=53 ksf max. at toe

= 0.7 ksf min at heel

{p¢ Compute base-slab shear and bending moments. Refer to Fig. E12-4b.
firtoe at stem face x = 3.00:
q=53-0.36—-032x (neglect soil over toe)
0. 2
V =494x — —,' = 13.4 kips
494x*  0.32x°
M= —

> <— =208 ft-kips

fitheel at approx. cg of tension steel

= 9.79 ft for moment Use 9.5 for shear




DESIGN OF CANTILEVER
RETAINING WALL

Use average height of soil on heel for downward pressure; include P,, = 2.6kips:
3t @ = 2:42(15)+ 26.8(.IIS) = 345kst q=345—0.70 — 0.32x

i ;

0.32x .
ll“l V=275 -——+ P,, = 143 kips

q = 242015 =.36

75x%  0.32x3 0
M= T + P,,x = 107.2 ft - kips

Step 5 Check base-slab shear stress using largest base V, LF = 1.8,d = 2.417 — 029 = 23

14.3(1.8)

=———"=0084 <0093 OK.
12(25.5)

v
Note we could reduce the base slab by about 1 to 1.5 in. Leave at 2 ft 5 in.
Step 6 Compute toe (bottom of footing) and heel (top of footing) reinforcing-steel requireme
Pmax = 0.016 (Table 8-1)
200
Pmin = f_

y

= 0.0033

Al
0.5a=0.5 —222— =098 4
g 085(.b '

E =90 = :
Figure E12-4b orheelandd =29 — 3.5=2551in

107.2(12)1.8)

A[25.5 — 0984,) =
0.9(60)




DESIGN OF CANTILEVER
RETAINING WALL

Al — 26024, = —43.76

A, = 181 in?/ft p = 0.006 Use 3in clear concrete cover

on all steel where the
concrete is in contact

A? — 26024, = —8.49 with soil

A,=033in?  p=0.0011 < 0.0033 (T

hrink:
, = 0.0033(12(25.5) = 1.02 in¥/ft e

| Step7 Compute stem steel at top, 0.5H, 0.8H, and H using LF = 1.8.
‘ Ploce 2- #4/ft I - #8 bar/ft(top )

Point M, ft - kips Wall thickness Ar p (used)

0 0 16.0 125 05 00033
05H 220 19.5 160 064 00033
08H 900 21.60 181 118 0005 -
H 175.8 230 195 226 0010 81 in/ft(2-#0/f)

2.26 in/ft (3 - #8)bottom 5

*in?/ft

from this it is evident minimum (200/f,) requirements control top half of wall. \\ \RU"ZO“ bars all the way
Use 3 No. 8 bars/ft (4, = 2.37 in?) in bottom % of wall. W shrinkage N .02 in2/ft (1- #9/41)

Final design sketch
(not to scale)

figure E12-dc




DRAINAGE WALL

Backfill with free draining soil

Weepholes should

be 4in. or larger to

avoid plugging. o

N-ofe that the 8. Granular material of size to
discharge is onto : avoid plugging weepholes

the toe where
the soil pressure
is largest, g /\‘//Droin pipe covered with
ey \ granular material. Cut hole
in counterfort if required

If weepholes are used with a counterfort wall at least one
weephole should be located between counterforts




Sertifikasi HATTI:
Tegangan Lateral

dan

an't
@ Prof. Ir. Masyhur Irsyam, MSE., Ph.D.
- Teknik Sipil_Insti Teknologi Ban

N

(Retaining wall Gabion

Sheet Pile
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Braced Cut Excavation

CONTOH STRUKTUR SHEET PILE

11/8/2012
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Rebar Lifting

Rebar Lifting

11/8/2012



Ground Anchor

GEDUNG PERKANTORAN “

PT. Duvmocmra Kovema 1

11/8/2012



Ground Anchor

Rekomendasi Buku Untuk Sheet Pile

Piling Handbook

11/8/2012
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Test Triaxial:

Arah Bidang Runtuh Terhadap o1

o3

Mekanisme Aktif dan Passif

?xf ?'5§§5Jf :lsf
;,;,%;ﬁ,'/
.
T
s I, o
. _—
AN X VAR o
Ry % 7%
7 .;’f/ﬁ
o o % A 4
A, 5 o RIRIRAIAIT I,
AT A (AT SIS AT A AT ASASA S A S (A A Y]
L L I LA L LS H LI SIS SIS ISIS TSI SIS IS SIS

eTanisme Aktif dan Passif

e

# Ch=03

AR
-

OV=03

7
.

o
R

> N

e o / W’%
i o

Mekanisme Aktif dan Passif

7 /IIJII
/ ov=01
A

(Oh=03

u?z 7 _

M /5: ov=03

72 7 R
HART s, ,«? an=o1 EA

/,/f/” IR IT IR

2 ,,s/ 7% ‘///




Hubungan Koefisien Lateral dan Regangan

»Compression

Expansion

Lateral Strain

Tekanan Aktif: Pasir

7_..7‘7‘8777“_
| ;7 $6'} [/, ./ ' h
'*—,‘-63 A
/ g]- 3
z erve‘a Nt
: inth ch=03=01x Ka
Lebih dari satu lapis :
* % /’; 7 h =

@gag

.

h.?'z é,,

_L_J hs 7_'; ‘3'350

W?

Besarnya Tegangan Aktif

O3 —

Oa=03-0h=Ka. ov

Ka =tana(45—¢ /2)

O3

Ka =
O1

Besarnya Tegangan Pasif

scm—
tTitrt

o3

och=03=c1x Ka 0/'

]
¢, = ¢, tan’ (4‘3 o

Op=01=ch=Kp. ov

G1 1 A @
Kp=—= = tan’ (-1'3 + ‘—)
9

Ka -

11/8/2012



Tekanan Aktif dan Pasif: Pasir

Depth

Depth

Tegangan Effektif

%= yh1+yh2

=y (h1+ h2) - yw.h2

’

o'=c-u

o‘= tegangan efektif

o = tegangan total

Tekanan Aktif dan Pasif: Pasir

Ada Beban Merata

e [t
qKp™ v v hKa pKa
oh= (yh+q) Kp

soh= (yh+p) Ka
Depth

Depth

Pengaruh Beban dan Air Tanah

c
I, @
Ground
w Water table

| ~4E — - ~ H,
Kalg, + v, yu,’* tH—]

a

11/8/2012



Pengaruh kemiringan tanah diatas:

¥
g+ fn*/ - "3) ra Pka 2 —
‘ (osct - Vigs* - tos'd
ka =(osh ——— S
(osé + psof - @5

Cantilever & Gravity Wall

Cantilever Gravity Wall

Penaruh C-Kohesi Tanah

Tekanan Aktif Rankine

Shear |
stress
)

Py "
”

Lempung

Normal

stress

(b)

11/8/2012
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Tekanan Pasif Rankine

Tekanan Aktif Rankine untuk Perencanaan

— & |—

\

AY

Beban pada dinding
{ 2K |—

|
|

)

3
ey

N

"

Pl
“Eq. (5.16)

)
"\

N

"

\\\

X

N x;\\
R

IR IAIAITSIATS S

s

A

77

—o, K, = 2e\K}o—

N
N\

7 7

k] Rl K
(©
o 26K b—

%

Ny
R

N

=
N
"
RS

»
;III/ ,I A

\
3

N

")
AR
AR

NARNAR

‘@W‘S&\\\‘g\ﬁ
N
N

A
\ n e
AR

11/8/2012
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Disain Dinding Penahan Tanah:

Stabilitas

4. Bearing Capacity

1. Overtuning

Stabilitas Retaining Wall
1. Overtuning

2. Sliding

3. Excentricity

1. Overturning _
4. Bearing Capacsl'tg =15-20

2. Sliding #K/ﬁ? III /# %
7 Z
3. Excentr %’/ﬂ ,ﬁ / g%
i ﬁ”
. % //
/ ) 2
2.Slidin
i T
/ 1 SEYIS “l"‘l‘,llll ::«_
—vwer] | _:;-,/{ ) !
3 —

Excentricity I

T —
) T
| 3 3
< g
3
Y

Quertuning

&
<
<

5 f

.;—" {,-’fy"’
.

SRR -

t\\\ \\‘\k\ NN

/'y

b

11/8/2012
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| T

RRRRARRRNA!

s=c+o'tan¢

Where ¢’ = effective normal stress on plane of shearing

C = cohesion, or apparent cohesion

¢ = angle of friction

11/8/2012

Overtuning
o
m oL\
® )
by (a1
= L3
w l'-”l“‘ 0
| ]
\A“; l LA
NS
o LI L M
oAl poe Mo My oMy My Mg By F
ey fatsh HY Bk
g N,
b 7
I nly
2
- Kl T e Myers,
Fgs a4 La Plds
Al
(hosd) Hfs ~ 4, p,
=]
. Sliding
4-’T n
H
1 %
| \ «’?1_ r‘.ﬁ“
; .' »? o
|
| !
[ |izy | -———J'zv “'Br J’f
o il fa Cosch
T—/ | "
'ri’ | — j Bt b kp 0 260VE
IV)fe / (A '
-—‘~_J /T4 rﬂ "‘ ,:{‘ ‘.'z(%.'# 5
ke 3 %"

. Sliding

---‘-’-—’-’
I T h
> Buliding = 7

i

Yhe=(Y \']7.[1\1[0:)? Bkacy +F,
}_‘}"i = P, s
&
o E e " p X
(X V)un(ky 6) 4 Bkycy +P,

By = —_—
diding P, costx
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1.

Contoh Soal

Berikut ini gambar cross section dari cantilever retaining
wall. Hitung angka keamanan (factor of safety) yang

menyangkut overtuning dan sliding!!!

The overturning moment, Mg

Focter of Sofety Agans? Sicing
From Eq. (5.60)

Let k,
Also

Mo = B[] = 158.05( 2% - 370.55 k-

My 112808

FSimerteenisg = = - 208 > 2—0.K
T My 005 —

(Z V) tanlky &) + Bkeey + F,

P ocos a

FSoming =

=k =2/3

= &I

1 : r
B =KD" + 2:VK,D

1. Solusi :

U= M+ My 4 M= 2800 10 4 6+ 0
“«(455 + B+ 0T« 718 m

Hankine active foroe per unit length ofwall = B = {n 07K, For @, = 35 0 = |0

K, s oqual ¢ 50 Table 561 Thos

6= HUS(T 15840, 55 1814 kiNan

B o= P osin 10° = 16), Gisin 107) = 3500 KN/

R Fooas 107 = |61 Hoos 107 = 15568 kN'm
Fostor of Scfety Againg! Overtuming

The fulbeswing table con 0w be preounsd fer diterrrinstion of the mwsting memst

Weght'entt Morest wm

Sectx® Ares keegth fom poml € arerin
Na Lo NV ) AN
1 0 5105
< 113 >
3 650 13
J MMN ™.
5 0.5 107 1t 133
n=mo ‘ (FEAL
Sveina R TETE
-y N,

Fir wetnn mawhers, oefes 16 Figwe 5 54
P Ty

K, = tun’(ﬁ + %) = tan¥45 + 10) = 2.04

D=13m

-
"

H2 04101157 + 240} VZ04X1.5)
43,61 + 171.39 = 215 kN/m

Hence

2 x 20 2
(470.45) mn(—) + .;4)(3).:40) +215
3 3,
159.95

(LS M06ET S
155.95 il im

Fs::lmu' -

Note: For some designs, the depth D for gassive pressure calculation may be taken to
be equal 1o the thickness of the base slab.

11/8/2012
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1.

Contoh Soal

Berikut ini gambar cross section dari cantilever retaining

wall. Hitung angka keamanan (factor of safety) yang

menyangkut overtuning dan sliding!!!

05m

Sheet Pile

Sheet Pile Structures

KLASIFIKASI STRUKTUR SHEET PILE

—Cantilever Type
\—Smgie Tie-Rod Type
~Tie-Rod Type ~——Double Tie-Rod Type
~Deadman Type
—Anchored
Batter-Pile Anchor Type
Relieving Platform Type
Cellular Type
I—Doublr Sheet Pile Wall Type
==Qthers - —Multi.Strut Type

-Doiphin Type

Steel Pipe Pile - Japan

Cantilever Pile/ Sheet Pile

11/8/2012
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Anchored Type

Tie Rod Type

Anchored Type

11/8/2012

2
Structure
o S— -
B o 2 Jype Stucture
AMSIS AT upamnay, ASI e g Sheet g
! { pile wall Aachar
o . Stracture aed Bendizg Moment wall
ey 1 Estersa Forces Disgram en ey g Tavenc -
Ground surface
Daseows mak —
0 o’ snt | oo Nt e 37
- N [ The evd
-2 £vl

&
AT
1y

Sereeoure and Berding Menent
Exterasl Facces Diagraa

Double Tie Rod

Type Structure

)
Tie Rod Type-I1
/ \ < 4 .
\u TURN ROKLK v ok \A
.y VALY <300 0 e 1598 e
TH 00 & i | X0 AENOUSIEET PIL
AP 22 Dk s
v sy s ‘
PP LAGY Bl Pt
= o DL 1 | J
T | of W\
‘ ' 74 || Steel Pipe Pile - Japan
// \\
[ /] \
; o /!
ol uu \
M \
o Lf \
Steel Pipe Pile - Japan A T Steel Pipe Pile - Japan
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Tie Rod Type-I11

Steel Pipe Pile - Japan

Anchored Sheet Pile

Piling Handbook - Arcelor

Batter-Pile Anchor Type

11/8/2012
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Dermaga Tanjung Emas

LU some

-10.0 mLWS
T e Tl denseew %4 b 160
:: e ——— Saexy Soft Clay 31190 12446165
Very Soft Clay 254 1o 155
Eu = 250 Cu Soft Clay 419 10 160
' Soft Clay 434 20 165
Stiff Clay 650 40 17.0
80.0 40 175
Stiff Clay
Relieving Platforms Retaining Wall
P Fig 6.3.2 Ralwving platforms
Relieving Platform Type Structure " e
- W, | -
7 o W o
e g b
= | 1

comea—.

[1

-
4
=

\

\

\

Piling Handbook - British

Steel Pipe Pile - Japan




Double Sheet Pile Wall Type Structure

Structure and

xternal Forces

Bending Moment

Steel Pipe Pile - Japan

Stf'aight-web Type
Sheet Pile

e Ty W

947
b .
3 P ¢
- N K )
: ™ ] 74
| l ) ; = l[ b g
1 . Al 1 |
- | Rl
l vall
e " ,|| B
Double Sheet Pile Wall Type
Cellular Type Structure
Insidf fill r

Piling Handbook - Arcelor

Cofferdams

il

Piling Handbook - Arcelor

11/8/2012
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Cofferdams
r 7 &
] e —
1 * ' W
‘ 4
1 {
o 1
I
Piling Handbook - Arcelor
Cofferdams
B | o | B .]- m—l
1 -~ I
. e

Piling Handbook - Arcelor

Metoda Perhitungan Sheet Pile

Anchor: Pegas
Parameter Tanah:
C (kohesi)

¢ (Sudut geser dalam)
E (Young’s modulus)

v (Poisson’s ratio)

Sheet Pile: Beam Element

M < M konvensional

11/8/2012
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2. Beam on Elastic Foundation

Anchor:

Tekanan aktif

3. Metoda Konvensional

Anchor

Tekanan Tanah Aktif dan Pasif

Cantilever Pile/ Sheet Pile

Keseimbangan

Gaya Horizopfal

an Momen di Titik O

Cantilever Pile/ Sheet Pile

11/8/2012
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Tegangan Lateral Pada Cantilever Pile/ Sheet Pile

U]

Cantilever Pile/ Sheet Pile

Muax.nada zerg shear

Forces F1, F2 and F3 act thiough the
centres of gravity of their respective areas

Cantilever Sheet Pile .WNW Pl 7
\ 2
A B
b e | 7 "'—'ﬂ_ d
{ =] N
n" Z AW ?R
il M =Y -
! A r2 - —
| = 1 |
! Fa=H | R e i ¢
i 7 8. ® i _
{ O 2 CROGE EOMN T TSRS
I.' ¥ CROSS SECTON NET PrESsUREs
| aktif [ pasif % R
! Hence, depth of cutoff =BO. + 1.2x0.C
- 3 il
v F1 (Represen| AO81) = total net Caculavons may be smpliied by
0SS SECTON NEY PRESSURES a(f:w pmsx:r'e‘q e A0S et considering the ine C1L.CDY. to be
1= horizontal and to pass through point C
c ;im;‘? area 0.C.L1) = total net The avea C, D DY 5 replaced by force F3
= T s ) ting & C 2 shown in Fig 5.23.2 below.
EMe=0 F3 (Representing aea C.D.01) = total net it hobid deadddicl
D passive pressure required 1o fix the toe of The depth O.C. should be such that the
0D =1.200C the wall momens of forces £ and F2 aboat F3 are
In equibrium The vake of forre £3 is
Such that the algebrac sum of forces F1

F2and 3 & 2er0
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Metoda Konvensional:

1. Free EarthrSupport

Metoda Konvensional:

1. Free Earth-Support

1]
o

il

14 %‘M?

Tegangan Lateral Anchored Sheet Pile

ey
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Metoda Konvensional:
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Retaining Walls

Fig 6.5.1a Locaton of anchorages
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Retaining Walls

Fig 65.1h Development of anchor resstance in cobesive solls
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Figure 10.39 Common methods of bracing cuts. (a) Lagging. (b) Sheet piles,

30



Sand

Clay

Soft to Medium
Yi >4

Stiff

Thank You!

11/8/2012

31





