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. KUAT GESER TANAH / SHEAR STRENGTH OF SOIL

The shear strength of a soil mass is the internal resistance per unit area that the soil
mass can offer to resist failure and sliding along any plane inside it. Engineers must
understand the nature of shearing resistance in order to analyze soil stability prob-
lems such as bearing capacity. slope stability, and lateral pressure on earth-retaining
structures.

Mohr-Coulomb Failure Criteria

Mohr (1900) presented a theory for rupture in materials. This theory contended
that a material fails because of a critical combination of normal stress and shear
stress, and not from either maximum normal or shear stress alone. Thus. the func-
tional relationship between normal stress and shear stress on a failure plane can be
expressed in the form

7= f(o) (8.1)

where
7, = shear stress on the failure plane
o = normal stress on the failure plane

The failure envelope defined by Eq. (8.1) is a curved line. For most soil
mechanics problems. it is sufficient to approximate the shear stress on the failure

plane as a linear function of the normal stress (Coulomb, 1776). This relation can
be written as

Tf=C+otand (8.2)

where
¢ = cohesion
& = angle of internal friction

The preceding equation is called the Mohr-Coulomb failure criteria.

She ar swess, T

Normal wress, @'
@) )

DIKTAT MEKANIKA TANAH -2 / MODUL : SOIL MECHANICS -2 by Idrus Muhammad Ir, M.Sc

Page :



. 17/09/2012

U

ji Tekan Bebas (UCT)
qu L S
Undisturbed Soil
o (Teg)
qr Disturbed Soil /
= Remoulded
St=qu/qr
(Sensitivity)
& (Regangan) % )

].

Sensitifitas

Agak sensitif Tidak sensitif

1 L3
Gambar 9-35 Kiasilikasi tanah lempung berdasark R
kesensitifannya..




qu I """"""""""
] OUTPUT :
B Ei J
| Cu =qu/2
1,'{ Ei = Initial Tangens Modulus
’ Es = Secant Modulus
| Es
c

S (%)

Direct Shear Test

Gs
g

17/09/2012



17/09/2012

Pengujian Kuat Geser Tanah dng Direct Shear Test

Bgure 85 Steatn-controlled disact seear Tesb siuigment asurtesy of
| Sealirat, Dug., Bvwnstons, Hinci

O = normal stress = normal force
are of cross-section of the sample

1= shear strength = resisting shear force
| are of cross-section of the sample




Triaxial Testing
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Tegangan-tegangan untuk pembuatan
grafik Mohr Coulomb. Triaxial CU Test

< CU TEST
011’ = (Aoll + 031) - ul
031’ = 031- ul

u = Diukur
012' = (A0l12 + 032) - u2
032’ = o032 -u2
013" = (Aol13 + 033) - u3
033" = 033 - u3

-

Tegangan-tegangan untuk pembuatan
grafik Mohr Coulomb. Triaxial CD Test

» CD TEST
oll’ = (Agll + 031) -ul
031" = @31- ul
ul=u2=u3=0

ol2' = (Aol2 + 032) - u2 (Karena drained)
032" = 032 -u2 '

ol3" = (Aogl3 + 033) - u3

033" = 033 - u3




' UJI GESER VANE (BALING-BALING)

Uji ini khusus dilakukan pada kondisi
lapisan tanah lempung lunak, dimana
pertimbangannya adalah bahwa bila
dilakukan pengambilan sample dengan -
tabung, maka akan terjadi disturbance
/ ketergangguan sample uji, sehingga
tidak akurat lagi bila dikatakan
; undisturbed soil

VANE SHAER TEST

B = 1/2 bila tahanan geser termobilisasi
dianggap berbentuk segitiga
P = 2/3 bila tahanan geser termobilisasi

dianggap berbentuk seragam
iy f = 3/5 bila tahanan geser termobilisasi

dianggap berbentuk parabola
| Gambar 38 Gambar dar alal gesar
vang
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- KORELASTI SHEAR

STRENGHT PARAMETER
DENGAN DATA UJI LAPANGAN
~ (qc dan N SPT)

Sondir

C=qc/20s/d 30

" C(kg/cm2) = qc(kg/em?) / 20

C(t/m2)  =qc(kg/ecm2)/ 2
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SPT (Standard Penetration Test)
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Clayey silts ~ Sandy silt
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Peak shear
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Terzaghi
Using the equiﬁhrium a;talyais. Terzaghi expressed the ullimate bearing capacity
in the form
Q= N+ gN, + 18BN, . (strip foundation) I (3.3)
where ¢ = cohesion of soil
y = unit weight of soil
q =yl

N., N,. N, = bearing capacity factors that are nondimensional and are only
functions of the soil friction angle, ¢

The bearing capacity factors, N,, N,, and N, are defined by

N =cotd r—-—-n% -1 [ =cotd(N, - 1) (3.4)
oot | 2o B
Sk (4 2)

g.'l.'...'i & Mand
Nz — 3.5
, PR
2 cos* [ 45+ 2]

cos’

A'__-;( . 28 1)mnd. (3.6)

where K,, = passive pressure coefficient

.= N+ gN, + 4¥BNy  (strip foundation)

where ¢ = cohesion of soil
¥ = unit weight of soil
q =D,

(3.3)

N, N,, N, = bearing capacity factors that are nondimensional and are only

functions of the soil friction angle, ¢
The bearing capacity factors, N,, N,, and N, are defined by
gEO:H—lr‘ZMmd

Ne=cot¢p| ——————1]=cotg(N,- 1)
2cos’(§+§)

qv=13¢N, + gN, + 04yBN,  (square foundation)

4. = L3cN, + gN, + 0.3yBN, (circularfdundaﬁon)

(3.4)

(3.7

(3.8)

17/09/2012
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Example
3.2

| Repeat Example Problem 3.1, assuming local shear failure oceurs in the soil sup-
porting the foundation,

Solution
From Eq. (3.10)
g, = 0.867cN! + N, + 0.4yBN,

Fram Figure 3.3, for ¢ = 20°

Ni= 12
Ny =4
Ny= 1T

So

q. = {0.867)(15.2)(12) + (1 x 17.8){4) + (0.4)17.8)(1.5)(1.7)
= 1581 | 712 + 18.2 = 247.5 kN/m*

o
o = “-—-1;'5 =~ 61.9 kN/m?

| Allowable gross load = Q = (ga)(B”) = (61.9)(1.59 = 139 kN

Case [
? q ; ; ;
Y If the water table is located so that 0 = D, = ;. the factor g in the bearing
] l l 1 l l l l capacity equalions Lakes the form
l i | '.3'.".‘"‘::"" q = effective surcharge = Dyy + Dilyw = o) 3.12)
; L iable o
! where  y,. = saturated unit weight of soil
[ 5 ¥, = unit weight of water
: Also, the value of ¥ in the last term of the equations has to be replaced by ' =
Fuu = Yur
d
l CGround
water lable o Case It
- 5 1
'Y o = salurated Case 1
L e For a water lable located so that 0 = d = B,
q= D, (3.13)
The factor ¥ in the last term of the bearing capacity equations must be replaced by
the factor

3.14)

Case 111

When the water table is located so that 4 = B, the water will have no effect on
the ultimate bearing capacity.




Bearing Capacity Factors

Based on laboratory and field studies of bearing capacity, the basic nature of the
failure surface in soil suggested by Terzaghi now appears to be correct (Vesic,
1973). However, the angle o as shown in Figure 3.5 is closer to 45 + ¢/2 than to
¢. If this change is accepted, the values of N,, N,, and N, for a given soil friction

angle will also change from those given in Table 3.1. With a = 45 + ¢/2, the
relations for N, and N, can be derived as

N, = tan? (45 + ;—*) g (3.26)

N, = (N, = 1)cot ¢ (3.27)

The equation for N, given by Eq. (3.27) was originally derived by Prandtl (1921),
and the relation for N, [Eq. (3.2G)] was presented by Reissner (1924). Caquot and
Kerisel (1953) and Vesic (1973) gave the relation for N, as

N, = 2(N, + Dtan ¢ (3.28)

Harga-harga Faktor bentuk, Faktor Kedalaman dan Faktor Kemiringan Beban

Fakior
TABEL 11-2 Harga-harga Fakiorn Fakior ey
Famiringan

17/09/2012
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Solution
.Exumple 3 . 3 With ¢ = 0, the nltimate bearing capacity beeomes
|

| 1
| e = 4N Eul, © E'yB.’\",F,,FNF,,

g = (0.7K18) = 12.6 kN/m*
¥ = 18 kN/m"
Table 3.2, fur ¢ = P
N, = 18.4
N, =224

B
Fo=1+4 (J—) tand =1 » 0.577 = 1577

3.1

I B? ~ SF= (B)
Fo=1-04()=06
Figure 3.7 {square} b

| I-.',.;'hl-iEtaué[l-sih(b}x%"l'w!;j!‘;ﬂ’!*$

Fa=1

e s 'u_o * = - @ : = (1.603

Fy 1 !-Kl') (l E.lﬂ) 0.603

. PRt 20\*

K, (1 ‘b) (1 30) 0.11

Hence
. - 0.202
| 4 = (12.6)(18.41.57 .1(1 + T) (0.605) + (0.5X18)B)22.4)0.61Y0. 1)
=221.2 + —= 4 1338
|
| e=0
¢ = 30°
v = 18 kN/m
Thus
i
G ... 1459
qu =5 =T33 + ——+ 443D )
_ Given Q = total allowable load = g,y x B? or
|
150
Qi = 57 ’ (c)

Equating the right-hand sides of Eqgs. (b) and (¢)

150 . 14.89
—BT =73.73 + _B—- + 4.43B

By trial and error, B = 1.3 m

17/09/2012
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Example

34

A square foundation is 1.5 m % 1.5 m in plan. The soil suppurting the foundation
has a [riction angle of ¢ = 20°and ¢ = 15.2 kN/m®. The unit weight of suil Y, is
17.8 kN/m". Determine the allowable gross load on the foundation with a factor {}II-S'tI:r_‘lV
(FS) of 4. Assume the depth of the foundation (Dy) to be one meter, and general .;hea.r
failure vccurs in swil. ' .

Solution

From Eq. (3.7)
e = L3cN, = 4N, + 0.4yBN,
From Figure 3.4, for ¢ = 20°

Ne=177
N, =74
N,=5

Thus

e = (L3S.207.7) = (1 x 17.8)(7.4) + (0.4)(17.841.5)(5)
=349.75 ¢ 131.72 +'53.4 = 534.87 = 535 kN/m*

So. allowable load per unit arca of the foundation =

- q_" = 535 = [ Hind
= 5 F 133.75 kN/m
Thus, the total allowable gross load

Q= (133.75}8% = (133,75)(1.5 % 1.5) = 300.9 = 300 kN ik

Fags. (3.3, (370, (3.8) or the general bearing capacity equation [ Eq. (3.16)] using
ey und dy as the shear strength parameters of the soil. For example, the gross
allowable hearing capacity of a continuous foundation according to Teraaghi's
couation ¢

The factor of safety as defined by B, (3.40) may be referred to as the net
allieable bearing capacity. This should be kept at least about 3 in all cases. \

Another tvpe of factor of safety for the bearing capacity of shallow fonmda-

tions is often used. This is the factor of safety with respect to shear failure
(FSua) In most cases, a value of FS;.. = L4=16 is desirable along with
minimum factor of safety of 31 against gross or net ultimate bearing capacity,
In wrder to caleulate the net allowable load on the basis of a given FS,,.,
lollowing procedure should be adopted:

the

At

1. Let e and & be the cohiesion and the angle of friction of soil, and let

FS e be the required factor of safety with respect to shear failure. So, the
developed cohesion and the angle of friction can be given as

3.4

13.42)

«%
|

2. The gross allowable hearing capacity can now be caleulated aceording to

{3.43)

(3.44) —

17/09/2012
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3.7 Eccenticoly Looded Foundaotions 19

pressure distribution on the soil will be as shown in Figure 3.84. The value of
G v he given by the expression

Wi —

3L{B - 2 (3.49)

2, Determine the effectivee dimensions of the foundation as

Hve length

Note that, if the eccentricity is in the direction of the length of the foundation,
the value of 1" would be equal to L = 2¢. The value of B would be equal to
B The smaller of the two dimensions (that is, L' and B “1is the effective width
ol the loundation,

us

30 Use Eg. 316 lor the ultimate bearing ¢ pacity
N LT i3.50

For the evaluation of ., F,, F,, F,, E,, and F,. Equations (3.20) to (3.22) und
Egs. [3.29) to (3.33) have to be used with effective length and effective width
dimensions in place of L and B, respectively.

For determination of £, Eq and F,y, use Equations (3.23) to (3. 25) (tlo not.
replace B with B,

4. The total ultimate load that the foundation can sustain is

3.5

(3.52)

As we can see, cecentricity tends to decrease the load-bearing capacity of

afoundation. In such cases, it is probably ad -antageous to place the foundation
columns off center. as shown in Figure 3.9. This, in effect, produces a centrally
loaded foundation with uniformly distributed pressure.

:
1

Figure 3.9 Fuundation of columns with off-center loading

17/09/2012
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Table 3.3 Values of K, § 20 . tan B
for Use in Egs. (3.54) and AT+ =2 R, IR
(3.56] ; :
with @ maximum ol \S B
i and portion
|"'rl(l1m||l'.lll‘;’.l«‘ du = 3 YBN, + yD N,
. :;:1:_l K. where dre= angle of friction of top sand layer Clay portion
; ¥~ unit weight of sund

2) 1.5y K, = punching shear resistance coellicient

25 2.23

30 3.6

35 445 |

4 l':"l*:;‘ Pondasi segi empat i

;1)' I‘.J-.l-"; witl a maxinium of

1 B 3
Bl = E([ — 0.4 T) yHN, + ¥ N,




= feormer of the Hexible fomdad o oo
phe wenter of the Hexilile foundation i35
Y <m:1m]+ ! (
b TR min {5600
N1+ m® = A -
= B L 3010
Fonmdation B o= width of foundati
E X I L= dength of foundation
Ry, 3 s
T~ . T (-l Gaverage Tor Bexible onmlation? 1 B2
i Flewlile : fig, 3 :
atdation 4
btlenment sattlement H
Ji, = Prissui's ratio 30
E= Youngs modulas l
a | —
Ry [
i 1 | fo AT
s — — = sopuim |
B T
< LT —
¢ 45 / | "1 !
s / =  ——
! /// For carenlar dcainabatann
a =
19 e, = (1N
o, = (1.4
ni
1 2 3 4 ] L T 5 M |t
LR
=

342

A loundition 1 m % 2 m in plan is shown in Figure 3.33. Estimate the total
setthement of the foundation,

: B i‘,- - LN et dres i)

BXI=|ImX2m Saml
3= TSN
o NN kN

Elastic Settlement

The clay layer is located at a depth of 2 m—that is, 2B below the foundation. From
Figure 3,15 on p. 128, it can be seen that the soil located at a depth z = 2B has very
little influence on the elastic settlement. Henee, il Eq. (3.63) is used for the elastic
settlement caleulation, it is reasonable to use the Young's modulus and Poisson’s ratio
values of the sand laver. Thus

% (1 = uha, +— rigid foundation

S
Given: i, = 150kN/m?, E, = 10,000 KN/ u, = 0.3, and &, = 1.2(Figure 3.13b). So

(1)(150)

5~ oo

{1 = 0.39(1.2) = 0.0163 m = 16.38 mm

17/09/2012
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1,/B

ic setlement calenlation - Ex.

Figure 344 Values ol Y, and A for el

(B4 talter Cliristian aml Carvier, 19750

o

LR = e o
LB =10
|
1.5
= V i)
A LD * / ]
| T =
: Srquare
[y - | Cinle
o0 "'— LilLill oL bl Ll laiigl |I|||'_l'
thl | 1 L1} 100y

e
Agure 344 (Coatinued)

[

M nudaesl

circular :

L=0laz- 0
1=
1

=020z 0
L=05at2=08
Lo—fratz = d4H

Similarly, for oundations with 1 /1 = 1o,

Vowimg's
malinduss,
F,

I. = strain influence factor
C, = a correction factor for the depth of foundation
embedment = 1 - 0.5[q /(7 — ¢)]
Cy = a correction factor to account for creep in soil
=1+ 0.2 log (time in years/0.1)
q = stress at the level of the foundation

17/09/2012
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PEMODELAN KONSOLIDASI PRIMER

Akibat pertambahan beban - kenaikan tekanan air pori

Keluarnya air dari pori - tekanan air pori kembali lagi (tanah settle)

R B — i G

0.9 T I & T g1 T T c\’.llll

W

g =

5

]

B f

> - -4
o
\
d

1 Y s S N o I ¥, |
10 100 300 1000
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. Total Settlement (St) = Si + SCP e SCS
~« Si = Immediately Settlement i
» Scp = Primary Gonsolidation Settlement

.« Scs = Secondary Consolidation
Settlement

@

Untuk lempung yvang terkonsolidasi normal (Normally Consolidation)
dimana

Pc < Po, maka
Sep = (UeH Treoy log (Pot A P/PO)

Bila Pe Po (Lempung yang Over Konsolidasi ) maka terdapat 2 (dua)
kemungkinan

Bila Po+ AP <Pc dan Po+AP>Pc
Po+ AP < Pc
Sep =(Cs.H/1+eo0) log (Po+A P/Po)
Po+AP > Pc

Scp =(Cs.H/1+e0) log (Pc/Po) + (Ce.H/1+e0) log (Po+A P/Pc)

17/09/2012
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Stress
increase,
i Ap

Depth, 2

Ap,, = §Ap, + 4Ap,, + Ap,)

Ap,, = %(Ap, + 4Ap,, + Apy)

Using the 2:1 method

2 vertjeal o
I horzontal

. ., ®x B ®x L
2 vertical to Ap = ——————
it PZB+aL+ 2

17/09/2012
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]

222ka2 g=111kN/m2 |4

m =
= {g=111kN/m? | + LA,
TIKN/MZ | g = 111kN/m2

| Tikm2 | B -5
Stress o, ‘ 4.5m? ‘ ’_‘3-75m? ] 1 3.75m ‘ g=111kN/m2
required — x0.75m
4.5m below
thi

$Comer  Tegangan pada kedalaman 4.5 m
Shape [~ n 1, a. = gl, (kN/m?)

| I 1 0.175 19.42

2 0.833 | 0.833 0.152 16.88

3 0.833 | 0.167 0.042 4.66

4 0.167 | 0.833 | 0.042 4.66

5 0.167 0.167 0.013 1.44

.. g, = 28.42 kN/m?

For irregularly shaped figures, the Newmark chart is more convenient to
use than the Fadum chart (Fig. 3.4). It is constructed in such a way that each
sub-division, bounded by two adjacent radial lines and two adjacent circles,
represents an influence value of 0.005. The scale line AB is equal to the depth
below ground level z and, at that depth, a pressure of ¢ KN/m’ on the surface
will produce a vertical stress o. = 0.005¢ kN/m? at point N.

Influence
value = 0.005

Figure 3.10

17/09/2012
|
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1.
= D I3
&
Setthemem
Tt e profile

Paolshin and Takar (19571 hine presented the settlemnent oriteria of the 1955

U.5.5.R. Buildinyg
obseervation of fi
thesir findings

it Conle Theser waeree bisend on the experience gained from the
andation settlement over 23 years, Tables 3.8 and 3.9 Piesent

Table 3.7 Limiting Angular Distortion As Recommended
by Bjemum? .

Category of potential damage

________ Settlement
or p—— pradile

(h) Settlement with 1l

Figuee 337 Parsmeters e dehinition ol toleralde settlenent treclrawn
alter Walds, 1900

n
anger to machinery sensitive to settlement 1/750
Danger to frames with diagonals 1600
Sufe: limit for no eracking of buildings” 1/300
First cracking of panel walls 1/300
Difficulties with overhead cranes 17300
Tilting of high rigidd buildings becomes visible 1/250
Considerable cracking of panel and brick walls 1/150
Panger of structural damage to general Inilelings 1/150
Safe limit for Nexible brick walls, L /1t > 4" 17150

“After Wahls, 1981
afe Vimits inclade @ factor of safery

17/09/2012
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Fig. 10.7 (a) Mohr faliure hypothesis for determining the angie of the
fallure plane in the (b} slement; (c) conjugste lallure planes.
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Figure 2.42 Shear strength according 1o (a) Mohr and (b) Cou-

lomb.
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Figure 2.43

Mohr's circles for various cases of stress: I, simple

tension; II, pure shear; I11, simple compression; IV and V, biaxial
compression,

(s
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Figure 2.4 (a) Element; o, > oy, (b} Normal and shear
stresses on plane of [aflure. (c) Muhr circle for stress condi-
tion shown in {a).
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