9.1

9.2

CHAPTER 9

2
o, _cry+o;+\/[0'y—o;) g
: - - x
-, 2 2

0. =80 kKN /m? g,= 120 kN / m% 7, = +40 kKN / m?; 6= 145°

1| _120+80 120—80)2+(40)2
. 2 2
3

0,=144.7T kN / m?*; 0, = 55.3 kN / m*

_o,+0, 0,-0C

- Op = +—-=Z ~ cos20 + Ty sin20
2 >
=2 050 cosf(2)(145)] + 40sin(2)(145)] = 69.25 KN/ m?
O'y —_ G'I

T, =

sin28 — T,, €0s20

= 22080 inf(2)(145)] - 40 cos[(2)(145)] = -32.47 KN/ m?

a.=5001b/f* g,=250 b/ f% 7, =-801b/ 1% 8= 45°

1| _250+500 (250—500)2+ (-80)’
ol 2 7 2
3

0,=523.41b/ft*; 0, =226.6 Ib / {2

250+500 250-500
Op ==y

_250-500 . oo (—80)c0s90 = -125 Ib / ft?

cos90—80sin90 = 295 Ib / ft?

n
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9.3

a. The Mohr’s circle is shown.

A
=
g
:
g (150,25)
S
&
W
0 > Y >
3 ' Normal
stress (kN / m?)
(100,-25)
00, = w =125 kN / m?

2
OB = \/(3&;1@) +(25)* =3536 KN/ m’

0,= 0S8 =125 - 35.36 = 89.64 kN / m* (+)

0,=ON =125+ 35.36 = 160.36 kN / m* (+)

b. ZBO,O, = tan“'[—zij =45°
25

all

O, D sin65 = 35.365in65 = 32.05 kN / m* (-)

r’l
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00, + 0,D cos65 =125 + 35.36c0s65 = 139.9 kN / m* ()



9.4 a. The Mohr’s circle is shown.

&
=1
5
&
5]

0 >
Normal
stress (1b / ft?)

(125,-40)
00, = 1252““ 2 _ 1075 b/ 82
0,0, = 125290 1751/ 82
0,B =+/(17.5)* +(40)* = 43.66 Ib/ i’

0,=ON =107.5+ 43.66 = 151.16 Ib / f?

0,="0S =107.5 - 43.66 = 63.84 Ib / f* (+)

b. £C0O,0, = tan"‘(—ﬂ) = 6637°
175

0,= 00, + 0,Dsin(36.37)=107.5 + 43.66sin36.37 = 133.4 1b / ft?

7, = 43.66c0s36.37 = 35.16 Ib / £t
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9.5 a. The Mohr’s circle is shown.

)
[72]
2
& (75,30)
5
o
o0
% 0, ~J 9 Norma:
D stress (KN / m?)
B
(50, -30)

0,=0ON =95kN/m*; g,=O0S =30 kN/m’

b. g,and z, are coordinates of D. So

0,~942kN/m?; 7,= 7.1 kN/m? (-)

9.6 a. The Mohr’s circle is shown on page 59.

0,=0ON =109.1 kN/m*; 0,= 0S =259 kN / m*

b. ¢, and 1, are coordinates of D. So

g, = 29.1kN/m?; 7, ~ 16.08 kN / m*
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A
=
=
g
&
=
75]
(90,35)
—_ C
’
//
0 S v >
0O, Normal stress (Ib / ft?)
B
(45, -35)
Problem 9.6
9.7
P
Ao, =—1T
Load | P r 2| r 1 7=
@ | () (®) @) | z |(Table9.1) | (b/f?)
A 2000 | (10*°+5%)*5=11.18 | 10 | 1.12 0.0626 1.25
B 4000 | (10°+5)*°=11.18 | 10 | 1.12 0.0626 2.5
C 6000 5 10 1 0.5 0.2733 16.4

Ao, =320.15 b / f

9.8  Equation (9.16): n= ’%E——(é—)i(((())—i’;—))— = 0408

Equation (9.15):
3
2
Load A: (2000)(0.4208) 21 i
27(10) (0408)° +(1.12)

=0.77 Ib/ 2
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3

2
Load B: ] =153 b/ fi2

(4000)(0.408) 1
27(10)% | (0408)* +(1.12)?

3

2
Load C: (6000)(0'408)[ 1 ] =1451b/ ft?

27(10) | (0.408)% +(05)?

Ao, =0.77 +1.53 +14.5=16.8 b / ft?

9.9  Equation (9.19):

Ao. = 2g2°  _ 2¢2  _(2(100)(2)°  (2)(200)2)°
ﬂ[(xl +x,) +zz]2 ﬂ(x§ +zz)2 +2° 71'(52 +22) (22 +22)
=16.53 kN /m’
3
9.10 Ao, = 24,2 29,2"

72'[(x1+x2)2 +z ] ”(xz +z ) +2°
@025’ 2)26025)’
A(3+25)" +(25) ] 7| (25)" + (25)’ ]

=20.83 kN/m*

2qlz3 2qzz
71'[(x1 +x2)2 +z ] ﬂ'(xz +z ) +2°

3 ) 3
_ @O0, 203 _ 55400075,
m(12% +3%)*  m(4’ +3%)

911 Ag, =

q,=1252.71b/ ft
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2q,z2

9.12 Aog. atAduetogq,= —
n(x? +2%)

or

3
(Ac,), = (2)(100)(2) - = 7.96 kN /m’
(2 +(2)?]
Vertical component of g, = g, sin45

2q,(sin45)z’
4 65)* +2?]

(Ac,), = : (Ad), = 0.0043q,

Horizontal component of ¢, = q,cos45
From Equation (9.21):

2g,xz* _ 2g,(cos45)(5)(2)°

(Ac,); =
70 (x> +2?) 7:{(5)2+(2)2]2

= 001074,

Total vertical stress,
Ao.=10kN/m’=(Ag), + (Ac), + (Ao),
10 =7.96 + 0.0043¢g, + 0.0107¢,

_10-7.96

- ~136 kN/
92 =745015 m

913 B=10f;g=200b/f%x=8f;z=81t

22 _A® 16 2_@O) 6 pom Table 9.4, A% _ 243
B 10 B 10 7

Aa, = (0.248)(200) = 49.6 Ib / 2

= 0409

914 E:Q).Qé).:]; £=QE)=2. From Table 9.4, Ao,
B 3 B 3 q

Ao, = (60)(0.409) = 24.54 kN / m*
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9.15 Equation (9.24):

Ao, = 2 Bqxz? .
2
ﬂ{l:xz +2° - (g) ] + Bzzz}
o @X@)(15)075)’

2 2
n{l:(lj)z +(0.75)* —(%) } +(1)? (0.75)2}

g =119.4 kN / m’

9.16 Refer to the figure below.

— 5 m —» 4 8§m Blg— 5 m —p

2] 5x18 =90 kN / m?

w
3

& -~—-~—-——
b

With the notations given in Figure 9.17, for the left side:

E’—zp—zO; B 3, 1. From Figure 9.18, I;, = 0.24
z 5 z 5

For the right side,

B = 8 = 16; B, = > = 1. From Figure 9.18, I,z = 0.48
z 5 z 5

Aa, = q[Ly, + L) = (90)(0.24 + 0.48) = 64.8 KN / m
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9.17 At A:

7.5 ft 7.5 fi o
l— 60 ft —Dl—b| D ie—60 Fi—b Fortheleftmde.‘
B3 s
@ |30 x115) z 15
b/ fi? _Bi_z___6_0_4
' z 15
! I
' ! I, =0468
ISftr  115fi ’
L
Aé &4

Ao, = (30)(115)(0.468 + 0.468) ~ 3229 Ib / £t

At B:
}&¢—60 ft —p le—15 ft—bte—60 fi—p  For the left side:
B_0_,
(30 x115) z 15
D b/
B, _s0_,

d
N
—
(9%}

v
=
o
=

o
@~
@~ —— - —
[5+]

Ao, = (30)(115)(0.42 + 0.48) ~ 3105 Ib / f¢*
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For the right side:
B _os
z
B _y
z
I, =0468
For the right side:
B _15_,
z 15
B _60_,
z 15
I; =048



At C:

le— 60 ft —» —— 75 ft—>}¢—060 ft—pj
© @ | (30 x115)1b/ f?

1

t 1

I 1

i )

15 ft | 115 ft
1 1
i t
cé &C

For the left side: For the right side:
z z 15
B, _60_ B _60_,
z 15 4 15
I, =042 I,=05

Ao, = (30)(115)(0.5 - 0.42) = 276 Ib / £

9.18 Equation (9.30) and Table 9.6: ¢ =35001b/ ft?

R z z | Ao, Ao,
® |® 7|5 |o/®
6 1.5 |04 09488 | 3321
6 3 0.5 1 0.9106 | 3187
6 6 1.0 | 0.6465 | 2263
6 9 1.510.4240 | 1484
6 |12 2.0 | 0.2845 996




9.19 Equation (9.31) and Tables 9.7 and 9.8:

g =300kN /m?

z r R )z |r A’ B’ Ag.
 [m)|m|r | R (kN / m?)
48 {0 4 1120 ]0.23178 | 0.31485 164.0
48 108 4 |12]0.2]0.22795|0.30730 | 160.6
48 116 | 4 [1.2]0.4]0.21662 | 0.28481 150.4
48 140] 4 [1.2]1.0]0.15101 | 0.14915 90.1
48 1601 4 [1.2]1.5]0.09192 | 0.04378 40.7
48 180 | 4 [1.22.0]0.05260 | 0.00023 15.8

9.20 Refer to the Newmark’s chart.

9.21

The plan is drawn to scale.
AB=4m. M= 65.
Ao, = (IV)gM = (0.005)(300)(65)

=97.5 kN / m?

a. Equations (9.36) and (9.37): »n

Il

_L_10_,
V4

s
Equation (9.34): Ao, =gql,; I,=0.1999

Ag, = (1800)(0.1999) = 359.8 Ib / £
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b. Refer to the figure below.

® ©)]
6ftx3ft 4ftx3ft
@ @
6ftx2ft 4ftx2ft
3 6
For rectangle 1: m=—5—=0.6; n=§= 12; I, =01431
2 6
For rectangle 2: m=§=0.4; n=§= 12; I, =0.1063
3 4
For rectangle 3: m=—5—= 0.6; n=§= 08; I, =0.1247
2 4
For rectangle 4: m=—5—= 04; n =—5~ =08, 1, =00931

AG, = qlLy + Ly + Iysy + Liy] = (1800)(0.1431 +0.1063 + 0.1247 +0.0931)

= 841 1b/ ft?

c. Refer to the figure.

e 10 ft ple—3 ft —»]

‘ %
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Ao = ( Stress at C due to rectangular area 13 ft x 5 ft
O: = - stress at C due to rectangular area 3 fi x 5 ft

13

Forrectangulararea 13 fix5ft: m===1, n= 5= 2.6, I,=0202

3
5
3
Forrectangulararea3 fi x5ft: m= 3

= 0.6; n=~:~=l; I, = 01361

Ao, = (0.202 - 0.1361) = (1800)(0.202 - 0.1351) = 118.6 Ib / ft2

9.22  Equations (9.41), (9.42), and (9.43):

=2
2

=—5—=25ft
2

From Table 9.10, I, = 0.095

A, = gl = (1800)(0.095) = 171 kN / m?
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