CHAPTER 11

11.1 a. Normal stress, 0’= 192 kN / m? shear stress, 7, = 120 kKN / m?

¢'=tan'] 2— = tan~" LZ_O = 32°
o’ 192

b. 7, = 0’tang’ =200tan32 = 124.97 kN / m?

50 x50

Shear force, S = _29x59
car force, 5= (7 )(1000x1000

112 Shear force, S= (2 x 2 in%)(o’tang’) = (4)(15)(tand1) = 52.16 Ib

11.3  Area of specimen = (%J(o.os)2 =0.0019634 m? = 4

)= (124.97)(0.05)* = 0312 kN = 312 N

Test | Normal o'=2 | Shear =S ) af =
No. | force, N A |force,S| 7/ 4 | ¢ =tan o
N) |[&N/m) | N) |&N/m?
1 250 127.3 139 70.8 29.08
2 400 203.7 222 113.1 29.04
3 500 254.7 279 142.1 29.16
4 550 280.1 308 156.9 20.26
A graph of 7; versus o’ will yield ¢’ = 29.1°.
11.4 Area, 4 =0.0019634 m?
Test | Normal ,_ N | Shear _ S nE’
No. | force, N 7= A | force, S = 4 | ¢ =tan o")
N) |&N/m) | N) |&N/md)
1 200 101.9 82 41.8 22.3
2 300 152.8 120 61.1 21.8
3 400 203.7 160 81.5 21.8
4 550 280.1 220 112.1 21.8

A graph of 7, versus o’/ will yield ¢’ =~ 21.9°.
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11.5

11.6

11.7

Equation (11.8). Withc¢' =0

o) = o} tan2(45+£52—) = 105tan2(45 +3—26~) =404.4 kN / m’

Ag,,=404.4 - 105=299.4 kN / m?

a. Equation (11.4):

g=a5+2 _ 45438 _ g3
2 2

b. From Equations (9.8) and (9.9):

14

g

_01+0;3 4+ O1705 o op= 4044 +105 +404.42—105 cos(2 x 25)

2 2 2
= 3508 KN/ m?

91" 95 6in2g = i(—)iz_l—ossin(Z x 25) = 114.68 kN / m?

T =

For failure, 7, = 0’tan¢’ = 350.8tan36 = 254.9 kN / m’
Since the developed shear stress 7is 114.68 kN / m?, which is less than 254.9 kN / n?,

the specimen did not fail.

' =125+ 0.18D, = 25 + (0.18)(60) = 35.8°

o! = o tan’ (45+£§—) = 18tan’ (45+3§—'§) = 68.71b/in.?

11.8 01'=03’+Aa,,(,)=14O+264=404kN/m2

o} = o tan’ (45+3’2-)

, 05 0.5
,,,,=2[m-: () _45}:2%@4 (42" 45]- 0
03
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1.9 ol =03+A0y,,, =d tan2(45+%)

Ao'd(f) _ 23
tanz(45+i‘;—)—1 tan2(45+122£)—1

o

0-3“"

=14.73 1b/ in.?

Ao
1110 of = N 1802 :
tan? [45+%)—1 tanz(45+—2—)—1

=122.96 kN /m?

11.11 a. o} =0} tan2(45 +i’-;-); (300 + 350) = 300 tan? (45 + -‘;—)
¢’ =21.6°
216

b. 6=45+"-=45+"_""=558°
2 2

¢. From Equations (9.8) and (9.9):

o= TTOL G0 oy 6504300 650-300
2 2 2 2
= 410.6 kN / m*
r=G1=03 (g 850-300 . 390 0s(2 x 558) = 162.7 kN / m?

1112 o) =0} tan2(45+%~) +2¢' tan(45 +L§-)

Specimenl: (15+314) =464 = 15tan2(45+%) + 2c’tan(45 + %)

Specimen II: (25+47) =72 = 25tan? (45 + %—) +2¢' tal\(45 + ?2—)

Equation (b) minus Equation (a):

72 - 464 = 10tan’ (45+?2—) ; 9 =26°
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From Equation (b):

72-2

26

5tan2(45+ =

) =2.491b/in.?

cC=
2tan(45 +—

1L13 o} =36tan2(

11.14 ¢'=0

oy =03+ A0y =0'§tan2(45+

4

26)
2
26

45+ -2—) +(2)(2.49) tan(45 + 329) -100.2 Ib/in.}

¢I

>)

Ao, L
) o = 0.59 ton / ft2

0-3 =
tan’

(45+%)—1 ) m2(45+

§§)_1
2

05
115 o, =a3mn2(45+§); ¢=2[tan-l(12*1”29'14) —45}:1@
' 3 05 ‘
G;=G;m2(45+g_); 5 =2 tml_l(12+9.14 6.83) P
2 12-683
05
1116 ¢ = Z[tan—l (_1—4_1){}61—2—5—) — 45] =18°
05
¢'=zm~l(li'lt!25_‘15.) _45|=294°
140-175

1117 a o,=o0;tan

¢=2[tan

{ose
I

2
2
105+ 97
105

05
) - 45] =184°
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b. o] =0} tanz(45+ig—)

Auyy=50.2 kN / m?

1118 o) = o} tan2(45 +%) =105tan? (45 +32§) =290.8 kN / m?

Ag,;,=290.8 -105 = 185.8 kN / m*

1119 o, =0, tan2(45 + g) = 15tan? (45 + —223) =3297 1b/in

Ag;,=32.97-15=17.97 b/ in.?
o] =0} ta.nz(45+%—)

3297-A0uyy _, (45 L322 ]

Auyp="7.011b/ in.?
11.20 g,= 0, - ¢,=2800 - 1500 = 1300 Ib / f¢*

1121 o)} =0} tan2(45+%—)

Auy = -68.5 kN / m?

-85-



140—- Ao
1122 ————-—‘?i’—’=tan2(45+39)

Audm = 134-6 kN / mz

11.23 a.
Test | o1 +0; oy—-03
No. 5 P 2 1
(Ib/in2) (b / in?)
1 50 23
2 30 18

q’=m+p’tane
23 = m + 50tana
18 = m + 30tana

m=1051b/in?; a=14°

b. ¢’ =sin'\(tana) = sin’\(tan14) = 14.44°

o m _ 105 08 1b/in.t

C =
cosa cos(14)

¢
1124 =52 = 011+00037PI
0-0

o’=(3)(17) + (3)(19.5 - 9.81) =80.07 kN / m’

Cuvsn = [0.11 + (0.0037)(18)](80.07) = 14.14 kN / m?
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