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: 4.5Y) Adaaally Coulomb a8 s
1f = ¢+ ontang

- where : 1t = shearing stress at failure along the
plane of rupture,
¢ = apparent cohesion,
on = normal stress acting on the plane of
rapture,

¢ = angle of internal soil friction.
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Coulomb’s equation and failure envelope,
(a) Original Coulomb envelope in terms of total stress,
(b) Modified Coulomb envelope in terms of effective stress.

a ol oS Ualaa (£.A) JSi
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Tr = C'—|— G'n tan OL'
Or......SINcCe......ca'—1
T C'—|—(G = T])tan o

- where : ¢’= apparent cohesion referred to effective

stress;
c’'n= effective normal stress on the plane
of rupture;
N = pore pressure on the plane of rupture
failure;

¢@’= angle of internal friction referred to

effective stress. -
7.9
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@ 1Ay | oluall Ly iy rany ¥ Ly puall) ade JLIA) A
pore sliall Jaruia (_?A paly j Ledalay ST alga) (_?A 84l )
ozl ‘?A BaL I (9S8 dandial) 4y 3l uﬁg .pressure
Jladl) Jazall u.ﬁ 3als ) 453 aadd g A Javall 4 glsa olsall
iy
D OsS LY Ghﬂui;j:uu‘ dAR uéj

If, at the failure surface, A= Aon; then ac’=0

Giving 71, =¢ +0
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C, 9, -8 Agay) ) his aa 5 dullall

C, = undrained apparent cohesion

¢, = ungrained angle of shearing resistance

(in a fully unsaturated soil ¢, = 0)
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Co, 0, C @ effective

cu,
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: Drained i aill Al (2)

ilailly ¥ o) ddall e i puall) ade - ulaalll Ll b
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Euan Jaad) A asadl) aly g gl sl i 2a alll Glld by

Al slall i 8 5ab 3 aa i puall) (381 g3

3aL ) g ol jad) elall Jaruall gﬁ 5aL ) da g ¥ Ladic g
PRFESY gﬁ BaL ) aa Jigal) Jladl) Jazlall (_”,ﬁ
. C 0'q A SR palll SOulas o589 A0’y =A o,
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L3I (S s Al Jarall B 5T alll o jlas dllia
Jarall el ey, a8 gall

Direct shear (shear box) test sdiluall (alll 43 i (1)
Triaixl compression test @"M‘ bial) Lol (<)

Jyara pid) bual) Ll ()
Unconfined compression test
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Vane shear test 4agall JLadl (1)

Penetration test &l _Aa¥) JLidl ()
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Direct shear (shear box)
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(8-Y) S8 g b

5 gaiall daals ds) 3 Als 9 AN agdall) Bang TR



sl gauge for messuring
hange in ssmple thicknes

oadl) lga (°-Y) JS&
el

a) schematic diagram of direct shear
apparatus;

b) laboratory direct shear equation

(manually operated); (courtesy of Soil test Inc.) -
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Example 1: A shear box test was carried out on a
sandy clay yielding the following results:

Normal

load, N 108 | 202 | 295 390 484 576

Shaear load

at failure, N 172 | 227 | 266 323 374 425

- Area of shear plane = 60x60 mm

- Define the apparent cohesion and angle of
shearing resistance for the soil

-The stresses on the shear plane are obtained by
dividing the corre-sponding load by the area.

5 paiall daala de) 3 auls SO addadl) ang D



- Area of shear plane =60 x 10 x 10°=3.6 x 10~} m?.

- So for the first specimen :

-3
108x
Normalstress, on = . = 30.00kN/ m2
3.6x10° 3
: ; 172x10'3 3
Shearing stress at failure on = = 47.80kN/10
3.6x10° 3

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Similarly the other values will be :

Normal load,
6y =(kN/m2) | 300 | 56.1 | 81.9 | 108.3 | 134.4 | 160.0
Shear load at
failure, 47.8 | 63.1 | 73.9 | 89.7 | 103.9 | 118.1
of =(kN/m2)
b guaiall daala ds )3l anls A9 ASY) axdatl) Baa g
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Figure (2) shows the shear stress p!
normal stress, and the best straight

otted against
ine drawn

through the points to give Cou-loml

0's shear
strength envelope. The shear strength parameters
meas-ured from the graph are :

Apparent cohesion, ¢ =33.kN/ m?

Angle of shearing resistance, ¢ = 28°

(Figure 7.7)

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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Soil types according to Shear stress :

ardl 19 .C, @ Lab lalaa o (g giad (yaill) da glia
D b LaS Cplalaall (udd ol WBada 45

«(Cohesionless soil) C = 0 cua dSulaia & 4 5 (1)
el Jall Ledlia 4 3l s 3a
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§ 98 (i ABad) Jia (e @il (i Jle Jmanl) (e
- 115x107 . Al gand) (g 5811 g il

€= = 32kN/m?
3.6x10°
L1 Y, ;:
o, =0 =
" o f
Soil types sccording 1o shear sinength

(s) Cobesionless soil (b) Fricioniess ol (c) g soil

oadl) daglia aaa 4y il £ i (A-A) JS&

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



:JAJ-“(_“,ADJMUU&‘:\AJ&

Adal) B Gasy 54} 0 g8l Jaw pdiiall all) jLId) A
el il e ey oA g LAY g el ) Craalany) B
Aillan Jall Calidlal) o gl clBe (3.V) JS& Aiall

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



oall) LA il (3.V) Jed

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



: Angle of repose Al 4y9) ;

Laie Allg A8 o dulial) 490 30 4 a8l ) 8N 40
39 .A.w:g\ QJJ@*H\ Lgrusa g ddlad) 4y jil) e dgaS AL
GSas A9l 3 (8 C =0 G Ll 3l g Jall ddla A | ase
&5 4y 91 310 0dgd cpdall Lal Cloose 4o gbuse 33755 ¢

. Sall 4y glusa

D9
IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Sand
Clay : angle of repose = 0 ::sq)m

e T

DI ALN A g3 () +-Y) S8

-
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Advantages and Disadvantages of the Shear
Box test :

D A8V Ll Jally 4 el o
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: E; = tangent modulus of elasticity (initial)
/
\ ] _ Eq = tangent modulus (general)
e / &
Wi / L _~Eq = secant modulus (general)
- 3 !
| #| 2
£8:
|
ala
L]
i38
]
=
| (S |
il
Sheat strain, n
[ n .Shﬂr displacement  §
Sample length 'i:]

g Al A g pal) Jalaa ¢y (1 1-Y) g
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Shear stress, r
Shear force S
Sample area

[r.

o) Jladil . (el slga) Jilad () ¥-V) J8&
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Shear §tress, 1,

Mormal siress, 0 =

MNormal load. N

Area of sample, A

ALEA 4y Al (all) JLadl) aildd (1Y YoA) J8i

SJJAM\:\ML;

s )3l Al

(9 ASTY) axlaill) Baa g
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Falure envelope

|

Valua ol
apparent
coheasion

-
.4*‘

Shear stress, 1

MNormal stress, o

E Shear stress 7

r=c+otan ¢

Cifective normal

Tr AT N e

oall) LAl milil (Y 0A) JSd Ahlide 4 ) g - 7 Jiad (Y 0.A) Js&

SJ‘M:\AS‘:\ML%

s )3l 4ls
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Al 4y Al @ add (V-A) Jsaa

Angle @, degrees

~oil type Ultimate Peak

sand and gravel mixture 33-36 40-30
Woell-graded sand 32-35 40-30
Fine to medium sand 29-32 32-35
Silty sand 27-32 30-33

st (nonplastic) 26-30 30-35

AdS g pdlsall pall) Ll gilid 45Y) ALLY) (i o0
. A plhaaly ﬁ:ﬂ‘ Gt g LA 4ANA LY CBall e-u.u.‘ Jaladll

b paiall daala

s )3l 4ls

(9 ASTY) anlatl) daa g
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Example 2 : A sample of dry sand is tested in

direct shear . A normal load equivalent to 2 kst 1s
imposed for the test. The shearing force applied to
fail the sample 1s increased until shearing does
occur . The shear stress at failure 1s 1350 pst .
What is the angle of internal friction ¢ for the
sand ?

D9
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13508 — — - —
r = shearing
stress, psf N = 2,000 pst Test results on
stress-strain
coordinates
Shearing strain '
L - o
T = Shearing -~ I Test information
stress, psf ?,”1‘, | I‘Dﬂ!ﬂm Mohr's
e i circle coordinates
2000
1 Normal stress, psf
1350
ang =——=0.675

(9 ASTY) axlaill) Baa g
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Example 3 : During a shear box test on a compacted sand
the following results were recorded .

Normal load (N) il = 7 lg . S A
Ultimate shear load (N) 66 131 195 261
Peak shear load (N) 8§ g )55 340

Determine the angle of shearing resistance for the soil :
(a) 1n a loose state, and

(b) 1s a dense compacted state.

B.q
IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



- Figure 8-16 shows the plot of these figures. Two
envelopes are drawn:

- (a) Using the peak shear load values to represent
the compacted or dense state .

- (b) Using the ultimate shear load values to
represent the loose state.

From the graph: O 38 o el

- Since both envelopes pass through the origin, the
apparent cohesion of the soil = 0.

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



Example 4 : The readings given below were taken
during two shear box tests carried out on samples
of the same sand. In both cases the constant
normal stress was 210 kN/m?.

In Test 1, the sand was in a loose state; in Test 2,
it was compacted 1nto a dense state.

Draw the shear stress/displacement graphs for the
two tests and determine the angle of shearing
resistance for the loose and dense states.

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



S

Test 1 - Loose state :

Horizontal

displacement
(102mm) 0 50 100 150 200 250 300 350 400 450 500 550

Vertical

displacement
(102mm)
(+ve=up) 0 -6-12 -15-17-18-19.0 -19.5 -20.0 -20.5 -20.5 -20.5)

Shear stress
(kNm2) 0 59 78 91 99 106 111 113 114 116 116 116

IEaining
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Test 2 - Dense state :

Horizontal

displacement
(102mm) 0 50 100 150 200 250 300 350400 450 500 550

Vertical

displacement
(102 mm)
Ghve—up)® 3 1 9 17 93 99 35 30 Al 4] 14

Shear stress
(kN/m?) 0 73 118 143 150 149 139 133 126 122 120 119

IEaining
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Loose..state..t. = . tan o,
hen . 116 =210tan ¢, ..
11 6

Dense...w = ontan g,
Then...... 125 =210tan'e,,...
1 52
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The Trixial compression test :

A3y Laladiad (el ) Lol JiS) ga ASEL il Lol
Mig, ulaill 446 el elal) Jelg 4y Al g gl JS qunilia
i £ 5L Al (e Al gl clie Je LE3) 13
Voexe, 9 VI XYA A balinall eyl of Ao |l
C(VA-Y) JSE A e Jlgadls
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b il Jlgal) Aula Jala ddall gl g aag ol (VALY )
Moy elld g Jaadal) () Lgilalad) gan (e ddaad) (yda oS Ll
293l Jaal) 3aly 5 aa il Jakuday dda ghudaall olaally 414N
s ) cldlgaly ol ) Al (22T O (M) AT O
(Uatll g
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Pore pressure measurement :

a3l I3y lal) (yiany B LigSy B adl olsall i
acld ¢ Alal) Ailgd vic MAY jaallg gl S8 cus i3
manometer _iagilall ) Jaial) JUES) Jugudl AL 40N
(Y 9-A) Jsd -
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:Drained Tests i wall) & jLoal

&\JQAJJ&QSJM‘OMMJ&M\QU@&\&
Al Saclll A 7 i DA dall

:Volume change (~a3al) il
um GAM\ Jazuall Jh.\a‘ )'—UA\ G.AJ.AA.“A M . Lu.\a
el ) cB g dasdiall uM\MhU3M\UAwAAJm

Skl g Jglall b ) Guld Gy Ayl
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i )11 iy ghal) g Ay 1) il algal)

Principal Planes and principal stresses
bia gl ) OGN kil o) 8 cliel) o
aladiuly clalgat) oda Wl iy, SN L jglaa Ao
s dua 0, 0S5 clalady) aan 8 LAY slie batia
AR A osld) bl (g gl 0, =010,
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5, = AL/ o, = 0, = 0,
g == -AD/D g, = cell pressure
tal Ib) kel

Strains and stresses in the triaixl test
a) Principle strain,
b) Cell pressure only, C) Principal Stresses at shear failure
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- Vertical axial stress, 6, = major total principal
stress

((is gl (FY) 6, (aund) gy
- Lateral stress, o, = minor total principal stresses
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Types of failure in the Trixial test .
(a) Clean shear failure, (b) Partial shear failure, (c) Barreled or
plastic failure.
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- Mohr — Coulomb Failure theory :
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Failure envelopes for Triaxial test results :

e fae 0ad ol (g8alillg a gl oS ol JLd) B (padl
Bila agia JSd an g Leda JSI Cpmy g A Al £ 68 (i (e
aal Jiay o4, Failure envelope usaall (il e g
ol g (VY-Y) JSad B LaS (il addiicny 5 3) a9l oS Jod La
GO9S s gal ) ga G Jamd BN () 6% B i) cliall aac
(Y€-A) JSd | Al gala iliil elac Y 481

5 gaiall daals ds) 3 Als 9 AN adall) Bang T



a sl oS- ysa Jlugd) 4l (YY) Jod
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Example 5: A Drained Triaxial compression test
was carried out in three samples of the same soil.
The results were as Follows:

Test No 1 2 3
Cell pressure (kN/m?) 100 200 300
Deviator Stress at
failure (kN/m?) 210 438 ot

* Determine the shear strength parameters of the
so1l assuming the pore pressure at failure to be
ZEro.
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- The principal stress ,

c,= cell pressure

- Major principal stress,

o= cell pressure + deviator stress

Since u;=, ©,=0,, and c; =0,

-
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



= -——-‘fﬂd— =

Test No 1 2 3
6’3 (KN/m?) 100 200 300
o (KN/m?) 210 438 644

The Mohr circle are shown plotted in Fig. 8-25,
when the best common tangent 1s drawn the
Coulomb line 1s obtained

From the graph ¢’ =0
¢ =31°

i
D@y
lgagning|

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



