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2-1. The steel framework is used to support the
reinforced stone concrete slab that is used for an office. The
slab is 200 mm thick. Sketch the loading that acts along
members BE and FED. Take a = 2 m, b = 5 m. Hint: See
Tables 1.2 and 1.4.

SOLUTION

b 5
Beam BE. Since — = zfm = 2.5, the concrete slab will behave as a one-way slab.
a m

Thus, the tributary area for this beam is rectangular, as shown in Fig. a, and the
intensity of the uniform distributed load is

200 mm thick reinforced stone concrete slab:
(23.6 kN/m3)(0.2 m)(2 m) = 9.44 kN/m

Live load for office: (2.40 kN/m?)(2 m) = 4.80 kN/m
1424 kKN/m Ans.
Due to symmetry the vertical reactions at B and E are
B, = E, = (1424kN/m)(5)/2 = 35.6 kN
The loading diagram for beam BE is shown in Fig. b.

Beam FED. The only load this beam supports is the vertical reaction.of beam BE
at E, whichis E, = 35.6 kN. The loading diagram for this beam is shown in Fig. c.

Il e o i

Im £,=3540 kAl (b) Ey =3S.604M
-

a=m

57 =35.60kN

b=3Fm
(a)
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2-2. Solve Prob.2-1 witha = 3m,b = 4 m.

SOLUTION

b 4
Beam BE. Since — = 3 < 2, the concrete slab will behave as a two-way slab. Thus,
a

the tributary area for this beam is the hexagonal area shown in Fig. a, and the
maximum intensity of the distributed load is

200 mm thick reinforced stone concrete slab: (23.6 kN /m?3)(0.2 m)(3 m)
=14.16 kN/m

Live load for office: [(2.40 kN/m?2)(3 m)] = 720 kN/m
21.36 kN/m Ans.

Due to symmetry, the vertical reactions at B and E are

2 %(21.36 kN/m)(1.5m) | + (21.36 kN/m)(1 m)

B, =E, = 5

26.70 kN

The loading diagram for beam BE is shown in Fig. b.

Beam FED. The loadings that are supported by this beam are the vertical reaction
of beam BE at E which is E, = 26.70 kN and the triangular distributed load of which
its tributary area is the triangular area shown in Fig. a. Its maximum intensity is

200 mm thick reinforced stone concrete slab; (23.6 kN /m?)(0.2.m)(1.5 m)

=7.08 kN/m
Live load for office: (2.40 kN /m?)(1.5 SEiavali A
ive load for office: (2. /m?)(1.5 m) = 1068 kN/m ns. . 2/36 kl\,/m
The loading diagram for beam FED is shown in Fig.c.
8 F E
1SmE [m| [5m |
> T
/5m V/m 1 /5m

0=3m

57%2&-70 AN

10-68 fnlfm 10-68 kifm

I

D

r’rE5m
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2-3. The floor system used in a school classroom consists
of a 4-in. reinforced stone concrete slab. Sketch the loading
that acts along the joist BF and side girder ABCDE. Set
a = 10 ft,b = 30 ft. Hint: See Tables 1.2 and 1.4.

SOLUTION

. b 30 ft .
Joist BF. Since — = 108 = 3, the concrete slab will behave as a one-way slab.
a

Thus, the tributary area for this joist is the rectangular area shown in Fig. a, and the
intensity of the uniform distributed load is

4
4-in.-thick reinforced stone concrete slab: (0.15 k/ ftS)(E ft>(10 ft) =0.5 k/ft

Live load for classroom: (0.04 k /£t2)(10 ft) = 04 k/ft
0.9 k/ft Ans.

Due to symmetry, the vertical reactions at B and F are

B, = F, = (09k/f)(30ft)/2=135k Ans.

The loading diagram for joist BF is shown in Fig. b.

Girder ABCDE. The loads that act on this girder are the vertical reactions of the
joists at B, C, and D, which are B, = Cy =D, = 13.5 k. The loading diagram for
this girder is shown in Fig. c.

La=0oft | /oft | soft g roft
F
TIT B i
| 1o~ S &8
b=3ft| | S I
| |
| IS .
. mi L S
A Cc D E

IG5
¥ ]
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*2—-4. Solve Prob.2-3 with a = 10 ft, b = 15 ft.

SOLUTION
LN

Joist BF. Si —=
ois ince = o n

slab. Thus, the tributary area for the joist is the hexagonal area, as shown
in Fig. a, and the maximum intensity of the distributed load is

= 1.5 <2, the concrete slab will behave as a two-way

4
4-in.-thick reinforced stone concrete slab: (0.15 k/ ft3)<E ft>(10 ft) = 0.5k/ft

Live load for classroom: (0.04 k /t2)(10 ft) =04 k/ft
09 k/ft Ans.
Due to symmetry, the vertical reactions at B and G are
1
2 5(0.9 k/ft)(5 ft) | + (0.9 k/ft)(5 ft)
By, =F, = =450k Ans.

2

The loading diagram for beam BF is shown in Fig. b.

Girder ABCDE. The loadings that are supported by this girder are the vertical
reactions of the joist at B, C and D, which are By = Cy = Dy = 4.50 k, and the
triangular distributed load shown in Fig: a. Its maximum intensity is

4-in.-thick reinforced stone concrete slab: 0.9 ’%ff
(0.15k /ft3)(14—2 ft)(S ft) =0.25 k /ft
) 0.20 k/ft BT Z F
Live load for classroom: (0.04 k/ft?)(51t) = W Ans.
' 154t

. . . - SHVSR T 5h

The loading diagram for the girder ABCDE is shown in Fig. c. : B?=.4-50 ke (b) F 7 =450k
[ /0t | /0ft | /0ft | Q=r0ft |
F 450K 4-50k 450k
2 | ! o45klie | 045Kt | 045k 045 Kipy
5ft : ! b- 154t A ‘!!!!’ ‘;;5!‘!,!!?_:;—;3!:‘!.!!:: .
| : e -—‘_"‘uffﬂ“’

sft| | | £5 111 4

A 5p15f€ b sft VoV st T 5V sf T sft oft

@) ©
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2-5. Solve Prob.2-3 with a = 7.5 ft,b = 20 ft.

SOLUTION

b 20 ft
Beam BF. Since — = PrT = 2.7 > 2, the concrete slab will behave as a one-way
a .

slab. Thus, the tributary area for this beam is a rectangle, as shown in Fig. a, and the
intensity of the distributed load is

4
4-in.-thick reinforced stone concrete slab: (0.15 k/ ft3)(ﬁ ft)(7.5 ft) = 0.375 k/ft

Live load from classroom: (0.04 k /{t2)(7.5 ft) = 0.300 k/ft
0.675 k/ft Ans.

Due to symmetry, the vertical reactions at B and F are

675 k/f)(20 £
B :F:(0675 /t)(Ot):6

Y 5 75k Ans.

The loading diagram for beam BF is shown in Fig. b.

Beam ABCD. The loading diagram for this beam is'shown in Fig. ¢.

\3=754) 755 |- 75# |, 754t

-1 r‘——"_l

b=20ft

- — - —— ——C— twm =

-
|
|
|
1

e

)
>
m

(@)
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2-6. The frame is used to support a 2-in.-thick plywood
floor of a residential dwelling. Sketch the loading that acts
along members BG and ABCD. Set a = 6ft, b = 18 ft.
Hint: See Tables 1.2 and 1.4.

SOLUTION

b 18ft
Beam BG. Since — = o 3 > 2, the plywood platform will behave as one-way
a

slab. Thus, the tributary area for the beam is rectangular and shown shaded in
Fig. a. The intensity of the uniform distributed load is

Ib 2
2-in.-thick plywood platform: (36 f?)(a ft)(6 ft) = 36 Ib/ft
. o . Ib 240 1b/ft
Live load for residential dwelling: | 40 — (6 ft) = ——— Ans:
ft? 276 b /ft
Due to symmetry, the vertical reaction at B and G are
276 1b/ft) (18 ft
B, =G, = % = 2484 1b Ans.

The loading diagram for beam BG is shown in Fig. b.

Beam ABCD. The loads that act on this beam are the vertical reaction of beams BG
and CF at B and C respectively, which are C, = B, = 2484 Ib. The loading diagram
of this beam is shown in Fig. c.

a=6{t ] " 61 |
E | Ey=2434» /b (b) Gy=2487

e s L
- 2 2l e ey .
r— e o i i o _.f

2484lb 24441
eft | ¢k “ 6/t

kY

2 Y]

(e)

)
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&

L

31




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-7. Solve Prob.2-6, with a = 10 ft, b = 10 ft.

SOLUTION
b 10 ft

B BG. Since — = ——
eam ince = %

slab. Thus, the tributary area for this beam is the shaded square area shown in Fig. a,
and the maximum intensity of the triangular distributed load is

= 1 < 2, the plywood platform will behave as a two-way

Ib 2
2-in.-thick plywood platform: (36 f?)(ﬁ ft)(lO ft) = 60 Ib/ft

Y:
Live load f idential dwelli (40 lb)(IOf) 400 Ib/ft
: — t =— >
ive load for residential dwelling 2 460 b/t ns /ojef
Due to symmetry, the vertical reaction at B and G are
1
5 (4601b/5)(10 i) 3
B, =G, = 5 = 1150 Ib Ans.
The loading diagram for beam BG is shown in Fig. b. / OJc t
Beam ABCD. The loadings that are supported by this beam are the vertical reaction
of beams BG and CF at B and C respectively, whichare B, = C, = 1150 Ib-and the y
triangular distributed load contributed by the dotted triangular area shown in Fig. a.
Its maximum intensity is
b/ 2 104t
2-in.-thick plywood platform: (36 o Eft (5ft) = 301b/ft
Live load f idential dwelli (40 1b)(S ft) 200 b/t \
40 )(5f) = —— .
ive load for residential dwelling ¥ 230 Ib/ft ns

The loading diagram for beam ABCD is shownin Fig. c.

5t

5f

SR A S| ok | S

AL

 Hizolb

Ba-://ﬁoé

Beam ABCD. 11501bat B and C, w,,,, = 230 Ib/ft
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*2-8. Solve Prob. 2-6, with a = 10 ft,b = 15 ft.

SOLUTION
b 15 ft

Beam BG. Since— = 0k 1.5 < 2, the plywood platform will behave as a two-way
a

slab. Thus, the tributary area for this beam is the shaded octagonal area shown in
Fig. a, and the maximum intensity of the trapezoidal distributed load is

Ib 2
2-in.-thick plywood platform: (36 ¥>(§ ft) (10 ft) = 60 Ib/ft

400 Ib/ft

b
Live load for residential dwelling: (40 ﬁ—2>(10 ft) = m

Due to symmetry, the vertical reactions of B and G are

1
5 (460 Ib/ft) (15 ft + 5 ft)

B, =G, = = 2300 Ib Ans.

J 2

The loading diagram for beam BG is shown in Fig. b.

Beam ABCD. The loadings that are supported by this beam are the vertical
reactions of beam BG and CF at B and C respectively which-are By = C;, = 2300 Ib,
and the triangular distributed load contributed by the dotted triangular area shown
in Fig. a. Its maximum intensity is

2
2-in.-thick plywood platform: (361b/ ft3)<§ ft> (5ft) = 301b/ft

200 Ib/ft

Live load for residential dwelling: (40 Tb/ft*)(5 ft) = m

The loading diagram for beam ABCD:is shown in Fig. c.

s/t

A=/t

loft

1oft

@)

Sft | 5t | 5Ft | S/t

N

il

T
i

0% o

2300 /b

AN L N sl e Pl i
B e g i ey it L8 7 T LA

23}70 /b
230 Ib/#

aw

a2 TN
e o e,

TR

50;23011, b) qa=2500ﬂ9

<)

33




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-9. The steel framework is used to support the 4-in.
reinforced stone concrete slab that carries a uniform
live loading of 400 Ib/ft>. Sketch the loading that acts
along members BE and FED. Set a = 9ft, b = 12ft.
Hint: See Table 1.2.

SOLUTION
b 12ft 4

Beam BE. Since — = of 3 < 2, the concrete slab will behave as a two-way
a

slab. Thus, the tributary area for this beam is the shaded octagonal area shown in
Fig. a, and the maximum intensity of the trapezoidal distributed load is

4
4-in.-thick reinforced stone concrete slab: (0.15 k/ ft3)(E ft>(9 ft) = 045 k/ft

Floor live load: (0.4 k/ft)(9 ft) _ 360K/t A
oor live load: (0.4 k/ = 105K/t ns.
Due to symmetry, the vertical reactions at B and E are
1
> (4.05 k/ft)(3 ft + 12 ft)
B, =E, = 5 = 1519k Ans.
The loading diagram of beam BE is shown in Fig. a.
Beam FED. The loadings that are supported by this beam are the vertical reactions of 4056 k/ff
beam BE at E, which is £, = 15.19 k and the triangular distributed load contributed N
by dotted triangular tributary area shown in Fig. . Its maximum intensity is \\
4
4-in.-thick lab: (0.15 k/ft’)| < ft )(4.5 ft) = 0225k /fi CEALA 44
in.-thick concrete slab: (0.15 /t)(12 t)( 5. ft) = 0.225k/ft 5 E
. s 1.800 k/ft 0 _
Floor live load: (0.4 k/ft*)(4:5 ft) = Wk/ft Ans. A1 i, ;
o ra v 7
458V 3H U 4.5/ l

The loading diagram of beam FED is shown in Fig. c.

Azt 9k By= 1717 K Ex=15/7 K

> ) F (b)
Fot 17
454t /519 K
be/zft 3t
4-5H#
E € B J 3 :"'
¢ 450t 451 A

(&)

Beam BE. w,, = 405k/ft

Beam FED. 152k at E, w,,, = 2.025k/ft
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2-10. Solve Prob.2-9, witha = 6 ft,b = 18 ft.

SOLUTION

Beam BE. Since b_ 181t
a 6 ft

slab. Thus, the tributary area for this beam is the shaded rectangular area shown in

Fig. a, and the intensity of the uniform distributed load is

= 3 > 2, the concrete slab will behave as a one-way

4
4-in.-thick reinforced stone concrete slab: (0.15 k/ ft3)(§ ft)(6 ft) = 0.30 k/ft
. 240 k/ft
Floor live load: (0.4 k/f)(6 ft) = —-——— Ans.
270 k /1t

Due to symmetry, the vertical reactions at B and E are

2.70 k/ft)(18 ft
B, = E, _ @OWIASH _ 5y
2
The loading diagram of beam BE is shown in Fig. b.

Beam FED. The only load this beam supports is the vertical reaction of beam BE at
E, whichis E, = 243 k.

The loading diagram of beam FED is shown'in Fig. c.

270 K/t

a=6Ht LO6A
D | 5]‘ F

b=18

’-\
|
~T

3¢ |34t
(&)
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2-11. Classify each of the structures as statically
determinate or indeterminate. If indeterminate, specify the
degree of indeterminacy.

SOLUTION
(a) r=3 3(1) =3 5
Statically determinate Ans. ‘L =

(b) r=5 (1) <5
Statically indeterminate to the second degree Ans.

() r=6 32 =6
Statically determinate Ans. (b)

(d r=10 33)<10
Statically indeterminate to the first degree Ans.

(e) r=17 32) <7
Statically indeterminate to the first degree Ans.

o 5 o |

< O
“— ©

8

lo |

o = " —
Y 3
& @

%J:-‘t

(e)
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*2-12. Classify each of the frames as statically determinate E L ﬁ
or indeterminate. If indeterminate, specify the degree of Ll L

indeterminacy. All internal joints are fixed connected.

(a)

SOLUTION

r==6 3n=3(1)=3

r—3n=6-3=3
Stable and statically indeterminate to third degree.

r=12 3n=32)=6

r—3n=12—-6=26
Stable and statically indeterminate to sixth degree. (c)
r=>5 3n=32)=6

r<3n

Unstable.

Unstable since the line of action of the reactive force components are concurrent. ~

|
I
|

(b) ()
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2-13. Classify each of the structures as statically
determinate, statically indeterminate, stable, or unstable. If
indeterminate, specify the degree of indeterminacy. The
supports or connections are to be assumed as stated.

SOLUTION

(@) r=7 M=32=6 r—-3n=7-6=1

Stable and statically indeterminate to first degree.
(b) r=6 3n=32)=6 r=23n
Stable and statically determinate
r—=3n=4-3=1

(c) r=4 3n = 3(1) =3

Stable and statically indeterminate to first degree

@)

(b)

o) n.é
pin fixedF"
(a)
H o) |
fixed pin roller
pin (b)
roller

TSI
S8k

rollgr .

T ssoe
ERRoA

(©)

s

©)

L[4
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2-14. Classify each of the structures as statically determinate,
statically indeterminate, stable, or unstable. If indeterminate,
specify the degree of indeterminacy. The supports or
connections are to be assumed as stated.

SOLUTION

(a)

(b)

(©)

e

r=25 3n =3(2) =6
r<3n
Unstable

r=29 3n

33) =9
r=3n

Stable and statically determinate
r=2_8 3n =3(2) =6
r—3n=8—-6=2

Stable and statically indeterminate to the second degree

—

(k)

fixed
- El

pin

()
q
I D) D) 5|
ﬁ roller pin rollerﬁ pin fixedﬂai
(®)
fixed pin
fixed | J:Lfixed
(©)

)
NY

(c)
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2-15. Classify each of the structures as statically
determinate, statically indeterminate, stable, or unstable.

(a)
SOLUTION
(a) Unstable
(support reactions concurrent) Ans. :ﬂ
(b) r=3 3n=3(1)=3
Statically determinate Ans. (b)
() r=3 3n=31)=3
Statically determinate Ans.
I
ONy =
©
1" ‘\
&) ,'f \\‘
L4
b) i

<)
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*2-16. Classify each of the structures as statically
determinate, statically indeterminate, or unstable. If
indeterminate, specify the degree of indeterminacy.

SOLUTION

(a)

(b)

(©

(d)

r==6 3n =3(1) =3

r—=3n=6-3=3

Stable and statically indeterminate to the third degree
r=4 3n=3(1) =3

r=3n=4-3=1

Stable and statically indeterminate to the first degree
r=3 3n =3(1) =3 r=3n

Stable and statically determinate

r==6 3n =32) =6 r=3n

Stable and statically determinate

(®)

(b)

(©

(d)

(o)

)

(A

41




© 2014 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-17. Classify each of the structures as statically
determinate, statically indeterminate, or unstable. If o o
indeterminate, specify the degree of indeterminacy.

(a)

? (@) e

SOLUTION
a)

r=9, n=3

r=3n

(®)

9 =303)

Statically determinate Ans.
b)

r=12, n=4

r=3n

12 = 3(4)

. . || 2

Statically determinate Ans.
<) ©)

r=3, n=1

r=3n

3 =3(1)

Stable and statically determinate Ans.
d) [ D)

_&_
r=5 n=2
©)
r<3n
<
5 <312 @
Unstable Ans.
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*2-18. Determine the reactions on the beam.

8 k /it

‘ 30 ft |

SOLUTION
Equations of Equilibrium. Referring to the FBD of the beam in Fig. a, A, and B,
can be determined directly by writing the moment equations of equilibrium about
B and A respectively.

C+IMp = 0; 60(10) + 120(15) — A,(30) = 0 A, =800k Ans.

C+3IM, = 0; B,(30) — 120(15) — 60(20) = 0 B, = 100k Ans.
Write the force equation of equilibrium along x axis,

£ 3F, =0 B, =0 Ans.

/St

o
e

—— —

L t)(0)= 60k
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2-19. Determine the reactions at the supports. Sk/ft

/(l Y Y vl\l\
/L /B

%30°
6 fit—| 12 ft 6 ft—

SOLUTION
C+3M, =0; —15k4ft) — 60 k(12 ft) — 15 k(20 ft) + Fycos30°(24 ft) = 0

Fp = 51962k = 520k Ans.
L 3F, = 0; A, — 51962 k (sin30°) = 0

A, = 25981k =260k Ans.
+13F, = 0; A, +51.962k (c0s30°) — 15k =60k — 15k = 0

A, =45k Ans.

Ax ‘ - e B

"
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*2-20. Determine the reactions on the beam.

24 ft

SOLUTION

C+IM, = 0; Fp(26) — 52(13) — 39(%)(26) =0

Fp =390k Ans.
12 12 12
+12Fy = 0; A, ——0B9) — | = )52+ -—=/39.0) =0
13Fy =0; v 13 (9 (13) (13)(9)
A, =480k Ans.
5 5 5
+ = 0: - A, + = )52- (-5 )390=
K IF =0 A, (13)39 (13)52 (13)390 0
A, =200k Ans.
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2-21. Determine the reactions at the supports A and B of 4 kN/m

the compound beam. There is a pin at C. /m

SOLUTION

Member AC:

CH+IMe=0; —A,(6) + 122) = 0

A, = 400 kN Ans.
+13F,=0;C, +400 — 12 =0

C, = 8.00 kN

E3F=0;C,=0

Member CB:

C+3IMp = 0; —My + 8.00(4.5) + 93) = 0

Mg = 630KkN-m Ans.
+13%F, =0, B,—8-9=0

B, = 170kN Ans.

XSF.=0;B,=0 Ans.
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2-22. Determine the reactions at the supports. 200 1b/ft
100 Ib /£t
oL =’
| st e |

SOLUTION .

a.ske _ ‘l: __!
KSF. =0, A, =0 Ans. o e LA
C+IMp = 0; 900 (4.5) + 200 (1.333) — A,(9) = 0O N I 1k

A, = 480 1b Ans.

+13F, = 0; 480 — 1100 + B, = 0

B, = 6201b Ans.
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2-23. Determine the reactions at the supports A and C of 18 kN
the compound beam. Assume A is fixed, B is a pin, and C is
aroller.

SOLUTION

Equations of Equilibrium. First consider the FBD of segment BC in Fig. a. N¢
and By can be determined directly by writing the moment equations of equilibrium
about B and C respectively.

C+3IMy = 0; Ne(@) — 6(15) =0 Ne = 225kN Ans.
C+3IMe = 0; 6(25) — B,(4) = 0 B, = 375kN Ans.

Write the force equation of equilibrium along x axis,

XSF =0 B, =0

Then consider the FBD of segment AB, Fig. b,

XSF =0; A, =0 Ans,
+13F, = 0; A, —18-375=0 A, =2175kN Ans.

C+3M, =0, M, — 18(1.5) — 3753) =0 M, = 38.25kN+m Ans.
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*2-24. Determine the reactions on the beam. The support 2k/tt
at B can be assumed to be a roller.

12 ft ‘ 12 ft

SOLUTION

Equations of Equilibrium:

C+3IM,=0;  Ny24) —2(12)(6) — %(2)(12)(16) =0 Ny=140k Ans.
C+3M, = 0; %(2)(12)(8) +2(12)(18) —A,24) =0 A, = 220k Ans.
HEIF =0, A=0 Ans.

2012)k +(2)(1RK

=1 TTTTTT~S
|
!

6t 1 10ft 8ft
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2-25. Determine the horizontal and vertical components
of reaction at the pins A and C.

SOLUTION

AN L
A 45° 15 kN/m
Y YYYYYYYY l l l
B L
6m

Equations of Equilibrium. Here, member AB is a two force member, which is

reflected in the FBD of beam BC, Fig. a. F,5 and C, can

be determined directly

by writing the moment equation of equilibrium about C and B respectively.

C+IMe = 0; 90(3) — F,psin45°(6) = 0 Fup
C+3IMp = 0; Cy(6) —90(3) =0 C,
Then write the force equation of equilibrium along x axis,
E3F =0 C, — 63.64 cos 45° = 0 C,
Now consider the FBD of pin A, Fig. b,

H3F, = 0; 63.64c0s45° — A, =0 A,

+13F, = 0; A, — 63.645in45° =0 A,

15(6)= 90 kN
i

= 63.64 kN

= 450kN Ans.
= 450 kN Ans.
= 450kN Ans.
=450kN Ans.

q
i
'T—-ﬁ()L Ak 45°

3Sm Sm

@)

1. vy
(b)
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2-26. Determine the reactions at the truss supports
A and B.The distributed loading is caused by wind.

%, 20 ft
a 5t

! 48 ft 48 ft !

SOLUTION
C+3M, =0; B,96) + (%)20.8(72) - (%)20.8(10)

7(2)31224 - (3)312 10)=0
13 204) 13 2(10) =

B, = 5.117k = 5.12k Ans.
+13F, =0, A, — 5117 + (2)208 - (2)312 =0
ooy 1377 13)77°
A, =147k
5 5
B53F, =0, B, + =312+ (=208 =0 Ans.
13 13
B, =200k Ans.
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2-27. The compound beam is fixed at A and supported by 8 kN 6 kN 12 kN
a rocker at E and C. There are hinges (pins) at D and B.
Determine the reactions at the supports.
A D B E
°) ) @) A c
3m —2m ‘ l
Im'Im'Im'lm

SOLUTION
Equation of Equilibrium. First consider the FBD of segment BD, Fig. b.
C+3IMp = 0; B,(3) — 6(2) =0 B, = 400 kN
C+3My = 0; 6(1) — Dy(3) = 0 D, = 200 kN
BEIF, =0; D,— B, =0 (1)

Next consider the FBD of segment BEC, Fig. c.

C+3Me=0;  12(1) + 4003) — Nx2) = 0 Ny = 120kN Ans.
C+3Mp=0; Ne2) + 400(1) — 12(1) = 0 Ne = 400 kN Ans.
HSF =0; B, =0
Then, from Eq. (1),
D, =0
Finally consider the FBD of segment AD, Fig. a.
£3F, = 0; A, =0 Ans.
+13F, = 0; A, —8-200=0 - A= 100kN Ans.
C+3IM, = 0; M, — 83) —2.003) =0 My = 300kN-m Ans.

Bk Gkl 5‘,/3;4, gofkn 12 kN

. D b 4 by — s ==
@:0 ) Bx
3m ¥ 2m Tim fmeim ey dm
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*2-28. Determine the reactions on the beam. The support 20kN  20kN 20kN 20kN
at B can be assumed as a roller.

b L l
D ]
d \/60

3 mﬂLS m——3m—-—3 mﬂLS m—

8 kN

SOLUTION
C+3M, =0;  —20kN(3 m) — 20 kN(6 m) — 20 kN(9 m) — 20 kN(12 m)
— 8 kN(sin60°)(15 m) + By(9m) = 0
B, = 782 kN Ans.
K3F, =0; —A, + 8 kN (cos60°) = 0
A, = 4kN Ans.
+13F, = 0; —20 kN — 20 kN — 20 kN — 20 kN — 8 kN (sin 60°)
+ 782KkN + A, =0
A, = 871kN Ans.
zoxd  zod o 20w
Ax —eee] - i RN
] ! {

-q.. 3en _-.-;..—3"-. -—;«—3;:.*;-:—3 I

r
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2-29. Determine the reactions at the supports A, B, C, 16k
and D. 2k /ft l 8 k 3kt
T sl
o= =2
L u C
12 ft—«-8 ft=—t<9 ft—| 12 ft— 9 ft—~|
4 ft 3 ft 3 ft

SOLUTION
Member EF:
C+IMp=0; 8k(3ft)— E(121t) = 0
E, =2k
+13F,=0; 2k-8k+F, =0
F, =6k
Member ABE:
C+IM, =0; —24k(6ft) + B,(12 ft) — 2 k(24 ft) = 0
=16k Ans.
+13F,=0; A,—24k+16k =2k =0
A, =10k Ans.
Member FCD:
C+3IMp =0; 36k(6ft) — C,(12 ft) + (24 f)(6’k) =0
C, =30k Ans.
+13F,=0; —6k+30k —36k+ D=0

D, = 12k Ans.

25
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2-30. Determine the reactions at the supports A and B of 15 kN
the compound beam. Assume A is a roller, C is a pin,
and B is fixed.

SOLUTION

Equations of Equilibrium. First consider the FBD of segment AC in Fig. a. N, and
C, can be determined directly by writing the moment equations of equilibrium
about C and A respectively.

C+3Mq = 0; 15(15) + 12(3) — N,45) =0 N, = 130kN Ans.

C+3IM, = 0; Cy(45) — 12(15) — 153) = 0 C

. = 140kN

Then write the force equation of equilibrium along x axis,
HKSF =0; C,=0

Now consider the FBD of segment CB, Fig. b,

HZIF =0; B, =0 Ans.
+13F, = 0; B, — 140 -12=0 B, =260kN Auns.
C+3IMp =0; 140(3) + 12(15) — Mz = 0 My = 600KkN+m Ans.

4(3)=/2.kil |5 kN
<,

g:@.afu A(3)=/2 k0

~7 h ) (J’( i o e g

i
;t
G=0
, B
}/.%"/.m’ [5m L 1 M,
Ni (’? 1.5m " 15mM

(4) 6)
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2-31. The beam is subjected to the two concentrated loads P 2P
as shown. Assuming that the foundation exerts a linearly ‘ L L L
varying load distribution on its bottom, determine the load | 3y 3y 3
intensities w; and w, for equilibrium (a) in terms of the
parameters shown; (b) set P = 500 Ib, L = 12 ft.
EERER
ws
SOLUTION P 2P
L L L
. . . . — Eu R
Equations of Equilibrium: The load intensity w, can be determined directly by I 1 | |
summing moments about point A. = —
:—t____ -=r
L L\ T R
2 (W)L
2P
w, = Ans.
L
1 2P 2P
+13F, = 0; E(WZ—T)L-FT(L)—?»P =0
Wy, = (4£) Ans.
L
If P=5001b and L =12 ft,
2(500
wy = 2000 _ o5 Ib/ft Aps.
12
4(500
Wy = (12 )~ 1671/ Ans.
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#2-32. Determine the horizontal and vertical components
of reaction at the supports A and C. Assume the members
are pin connected at A, B, and C.

SOLUTION

C+3M, = 0; @) Fep(2) + (?) Fep(02) — 9(1.5) = 0
Fep = 9926 kN

H3F =0; —A, + <§>9.926 =0

Ay = 794 kN

+13F, = 0; A, + %(9.926) -9=0

A, = 3.04kN

y

4
C, = §(9‘926) = 794 kN

3
C, = 5(9.926) = 596 kN

Ans.

Ans.

Ans.

Ans.

3 kN/m

2m 1m—

Stangow
L

- -
tﬂ.n—ﬂ-wn——---— - 1
1

——

ﬁ—F.;_#jzn
3
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2-33. Determine the horizontal and vertical components
of reaction at the supports A and C.

SOLUTION

Equations of Equilibrium. Member BC is a two force member, which is reflected in
the FBD diagram of member AB, Fig. a. Fy-and A, can be determined directly by
writing the moment equations of equilibrium about A and B respectively.

C+3M, = 0; FBCG)M) —242) =0 Fge = 200kN

C+3IMy = 0; 242) — A,4) =0 A, = 120kN Ans.

Write the force equation of equilibrium along y axis using the result of Fy .,
4
+13F, = 0; 20.0(5) —A, =0 A, = 160kN Ans,

Then consider the FBD of pin at C, Fig. b,

X SF =0, 20.0(%) -C, =0 C, = 120kN Ans.
+13F, = 0; C, — 20.0(%) =0 Cy'= 160kN Ans.
r__ N
1
X
e
2kl | =
6@) =N | 1
7 & ol
: 6 C/A?&-O V'e
I
I
| 3 Co
I
] X
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2-34. Determine the components of reaction at the 8 kN
supports. Joint C is a rigid connection.

6 kN B
— |
g
c e
Sm
SOLUTION
Equations of Equilibrium. From the FBD of the frame in Fig. a, we notice that N 2 A i
can be determined directly by writing the moment equation of equilibrium about A.
l 2m 2m
3 4

C+3IM, = 0; Np 5 6) + Ny 5 @) —82) —6(5 =0

Ng = T419kN = 742 kN Ans.
Then write the force equation of equilibrium along x and y axis using this result,

3
H3F, =0; 6 — 7.419(§> ~A, =0 A, = 1548kN = I55kN _Ans.
4
+13F, =0, A, + 7.419(5) -8=0 A, =2064kN =206kN _ Ans
O NN
Zm 2m
o kn ' .
N
4|\>

bm

Ax

A7 @)
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soil-backfill pressures. Assuming AD is “pinned” to the
ground at A, determine the horizontal and vertical reactions

there and also the required tension in the ground anchor
BC necessary for equilibrium. The bulkhead has a mass
of 800 kg.

D
0.5m
B 2o e
o F
] .
4m &
SOLUTION 18kN/m 1 310kN/m
Equations of Equilibrium: The force in ground anchor BC can be obtained directly
by summing moments about point A.
C+3IM, = 0; 1007.5(2.167) — 236(1.333) — F(6) = 0 %o
\ ~m
— ==
F =311375kN = 311 kN Ans. Gootgsy7oremn| |\ F
—] \
HIF, = 0; A, + 311375 + 236 — 1007.5 = 0 | 3:633m
\
\
— 1 \
A, = 460 kN Ans. 2667m ", \“ i 313)(‘;§)m
i . /007
+13F, =0, A, —7848=0 A, =785kN Ans. T | | \
#R36 kN TT \ |ZleIm
I-333m ‘; _ ‘) Y
Ax
Ay
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*2-36. Determine the reactions at the supports A and B.
Assume the support at B is a roller. C is a fixed-
connected joint.

SOLUTION

+3IM, = 0; B,(10) — 70(5) — 10(4) — 15(8) = 0
B, =51k

+13F, = 0; A, +51-70=0
A, = 19k

+<3F. =0, A, —-10—-15=0

A, =125k

7 k/ft
15 k= B
4 ft
10 k=
4 ft
— P
Ans 1 10 ft
P ’ 70*5"
1'_ T - et
x® H
Ans. o ' By
4
0"
Ans. 4
‘-—A‘
TM
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2-37. Determine the horizontal and vertical reactions at 350 N/m
A and C of the two-member frame. = 3 T
Sm
A C e\ ——
SOLUTION = 4=

Equations of Equilibrium. Member BC is a two force member, which is reflected in 4m

the FBD of member AB, Fig a. F5- and A can be determined directly by writing
the moment equations of equilibrium about A and B respectively.

4
C+3M, = 0; Fgc<ﬁ>(5) — 1750(25) = 0 Fpe = 1400.68 N

C+IMz =0; 175025) — A,(5) =0 A, =8I5N Ans.

Write the force equation of equilibrium along y axis using the result of Fp -

Va1

Then consider the FBD of pin at C, Fig. b,

+13F, = 0; (1400.68)( ) —A, =0 A, =109375N = 1094 N Ans.

4
+ 3F, = 0; 1400.68(—) -C, =0 C, = 875N Ans.
- Va1
5
+13F, =0, C, - 1400.68<ﬁ> =0 Cy = 1093.75N =1094N Ans.

i

sINH

<

-
I
[
aem] | F.=/#00.68H
|
I
250(5)=1750N)_ fac N
|
|
|
I

256m
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2-38. The wall crane supports a load of 700 1b. Determine the
horizontal and vertical components of reaction at the pins A
and D. Also, what is the force in the cable at the winch W?

SOLUTION

Pulley E:

+13F, =0; 2T —700=0
T = 3501b

Member ABC:

C+3M, =0;  Tgpsin45° (4) — 350 sin 60°(4) — 700(8) = 0
Tgp = 2409 1b

+13F, =0; A, + 2409 sin 45° — 350 sin 60° — 700 = 0
A, = 700 1b

BHIF. =0; A, — 2409 cos 45° — 350 cos 60° + 350 — 350 =0
A, = 188k

At D:

D, = 2409 cos 45° = 1703.11b = 1.70 k

D, = 2409sin45° = 1.70k

Ans.

Ans.

Ans.

Ans.

Ans.

4 ft i

C

E

700 1b
T
E
700(}

T'g,,

460 3Salb 3971}

Ac A ajﬁ/, i+
r ;
) 7001b

3Sol

24091
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2-39. Determine the horizontal and vertical force 250 Ib/ft
components that the pins support at A and D exert on the
four-member frame. £ Y B
B A
3 ft
D
D) o) —
SOLUTION 1 c
| 3ft 1ft ‘
Equations of Equilibrium. First consider the FBD of member CD, Fig. a
C+IMp =0;  Fge(4) —4003) =0 Fge = 300 1b
C+IMy =0;  400(1) — Dy(4) =0 D} = 100 Ib
E3F, =0; D.=0
Next consider the FBD of member AB, Fig. b
3
C+IM, = 0; FBD<§>(4) — 1000(2) — 3004) =0  Fpp = 133333 1b
C+IMyz =0;  1000Q2) — A,4) = 0 A, = 500 1b Ans.
4
L3F, =0 1333.33(§> —A, =0 A, = 1066.67 Ib = 1067 Ib - Ans.
Finally consider the FBD of the pin at D, Fig. ¢
4
E3F, =0 D, — 1333.33<§> =0 D, = 1066.671b =-1067Ib  Ans.
3 250(4)=/000 lb
+13F, = 0; D, — 100 — 133333 YY) 0 D, =9001b Ans.
5 RN 1
AN AX— 'l B 4‘
7
D 73
—_— 5
. Ary | fop  \faB00/b
ey Ift 5 5
/ r 2 ][ZL 2 ft l
D? 4001b
a / b
@) D= 100 /b ()
= /
Ey=/333.23 1
3
Px D / -
—(
AN
D,
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*2-40. Determine the reactions at the supports A and D.

Assume A is fixed and B, C and D are pins.

SOLUTION

Equations of Equilibrium. First consider the FBD of member BC, Fig. a
C+IMy = 0; Cy(9) —3(3) —6(6) =0

C+IMy = 0; 6(3) + 3(6) — B,(9) =0

HLIF =0 B, =€, =0

Then consider the FBD of member CD, Fig. b

C, =500k

B

s = 400k

C+IMe = 0; D.(12) — 3(6) = 0 D, =150k
C+IMp = 0; 36) — C(12) =0 C, =150k
+13F, = 0; D, =500 =0 D, =500k
Then Eq (1) gives B, = 1.50 k

Finally consider the FBD of member AB, Fig. ¢

E3F, =0; A, —150=0 A, =150k
+13F, = 0; A, —400 =0 A, =400k
C+IM, = 0; 1.50(12) — M, =0 M, =180k ft

Ans.

Ans.

3k 6k
oo 3 | 3R] 3
Ans. B;(_ ; 'I ¥ )
Ans. e

53=4. 3

N

[t

Gt

bt — 3 4

bf

(b)
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2-41. Determine the components of reaction at the pinned
supports A and C of the two-member frame. Neglect the
thickness of the members. Assume B is a pin.

SOLUTION

Equations of Equilibrium. Referring to the FBD of members AB and BC shown in
Fig. a and b, respectively, we notice that B and B, can be determined by solving
simultaneously the moment equations of equilibrium written about A and C,

respectively.

C+3SM, = 0;  B,(65) + B,(6) — (6)(\/42.25)< 25

V4225 ) (5-25)

—(6)(\/42.25)( m)o) - Q@2 =0
6.5B, + 6B, = 20275 (1)
25 6
C+IM, = 0; (6)(V42.25)<m)(5.25) + (6)(\/42.25)<m)(3)
+B,(6) — B,(6.5 = 0
6.5B, — 6B, = 18675 )
% A
o 6(J4225)K
B;c / ™
o . fe2.2sf|~~
1.25m \ A S,
‘ -
|
} 5.25m
Akl
l
am | |
'3 .
Ax.
3m | 2m 3m 3m
A# G{}
(&) (b)
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2-41. (Continued)

Solving Eq (1) and (2) yields

B, = 2996 k B, = 1333k

Using these results and writing the force equation of equilibrium by referring to the
FBD of member AB, Fig. a,

25
V42.25
A, = 6962k = 696k Ans.

HSF =0; 204) + (6)(\/42.25)( ) — 2996 +A, =0

+1SF, =0; A, + 1333 — 6(\/42.25)(\/‘%) =0

A, = 3467k = 347k Ans.

Referring to the FBD of member BC, Fig. b

E3F =0; 29.96 — (6)(\/42.25)(\/421'25725) -C, =0

C, = 1496k = 150k Ans.

6
+13F, = 0; C, — 1333 — (6)(\/42.25)<m) =0

C, =3733k =373k Ans.
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2-42. Determine the horizontal and vertical components
of reaction at A, C, and D. Assume the frame is pin
connected at A, C, and D, and there is a fixed-connected
joint at B.

SOLUTION

Member CD:
C+IM, = 0 —C(6) +9033) =0

C, = 450kN
HISF. =0; D, +45-90=0
D, = 450kN

+13F, = 0; D,—C, =0

Member ABC:

C+IM,=0; Cy(5) + 450(4) — 50(1.5) — 40(3.5) =0
C, = 700kN

+13%F, = 0, A, +700-50-40=0

A, = 830kN
L3F, =0 A, —450=0
A, = 450kN
From Eq. (1).
D, = 700kN

y

S50 kN

40 kKN
~—1.5m 2m 1.5 m—
y 15kN/m
. —— <
C
|
||
4m <
|
6m l«—
|
SN [
||
]
]
7‘DAJIE-¢
Ans.
O G
Ans. 252D Y0m |15 |
(1) - r——c,—ll-.-;T
4m ] 53’"
c? ' 5m
| . =Cx
Ans. Ay .
13m
At L
Ans. P !
b
Ans.
Ans.
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2-43. The bridge frame consists of three segments which
can be considered pinned at A, D, and E, rocker supported
at C and F, and roller supported at B. Determine the
horizontal and vertical components of reaction at all these
supports due to the loading shown.

SOLUTION
For segment BD:
C+3IMp =0;  2(30)(15) — B,(30) = 0 B, = 30 kip
BLIF =0; D, =0
+13%F,=0; D,+30-230)=0 D, = 30kip
For segment ABC:

G+EIM, =0;  C,5) — 2(15)(7.5) — 30(15) =0  C, = 135kip

H3F, =0; A, =0
+13F, = 0; —A, + 135 - 2(15) =30 =0 A, = 75kip
For segment DEF:

C+IM, = 0; —F,5) + 2(15)(7.5) + 30(15) = 0 - F, =135kip
LIF =0; E, =0

+13F, =0; —E, + 135 —2(15) — 30'= 0 E, = 75kip

2k /ft

2P Eip
[l IR ,
Loy,
"
X! t sy 1
'’ 't
Ans. % )
Ans.
28 nip ok,
Wt ] Tane Bymdekip
Ans. —— _---5
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Ans.
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Ans.
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*2-44. Determine the horizontal and vertical reactions at the 4001b 400 1b
connections A and C of the gable frame. Assume that A, B, 600 1b E\ F 600 Ib
and C are pin connections. The purlin loads such as D and E 800 1b \ —— / —800 le

are applied perpendicular to the center line of each girder.
120 1b/ft_

SOLUTION 6ttt b6t ——6
Member AB:
C+2M, =0; B,(15) + B,(12) — (1200)(5) — 600( )(6) — 600( )(12 5)
12 5
—400( )(12) - 400( )(15) =0
B.(15) + B,(12) = 18,946.154 (1)
Member BC:
12 5
C+SMe = 0; —B,(15) + B,(12) + 600( )(6) + 600( )(12 5)
5
400< )(12) + 400( )(15) =0
B,(15) — B,(12) = 12,446.15 (2)
Solving Egs. (1) and (2),
B, = 1063.08 1b. By =25001b
Member AB:
5
B 3F, = 0; —A, + 1200 + 1000(E> — 1063.08 = 0
A, = 5221b Ans.
12
+13F, = 0; Ay — 800 — 1000(5) +250 =0
= 1473 1b Ans.
Member BC:
K 3F, = 0; -C, — 1000(3) + 1063.08 = 0
e x Y X 13 B -
C, = 6781b Ans.
12
+T2F{V = 0; C, — 800 — 1000 eV 2500 =0
C, = 1973 1b Ans.
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2-1P. 'The railroad trestle bridge shown in the photo is P

8 ft

supported by reinforced concrete bents. Assume the two
simply supported side girders, track bed, and two rails have a ]
weight of 0.5 k/ft and the load imposed by a train is 72 k /ft.

Each girder is 20 ft long. Apply the load over the entire bridge
and determine the compressive force in the columns of each
bent. For the analysis assume all joints are pin connected and
neglect the weight of the bent. Are these realistic assumptions?

SOLUTION

Maximum reactions occur when the live load is over the entire span.

Load = 72 + 05 = 7.7k/ft

R =177(10) = 77k

2077

Then P T=77k IJIIIITIT]

All members are two-force members.

C+3IMyz=0; —77(8) + Fsin75°@8) = 0

F =797k Ans.

Itis not reasonable to assume the members are pin.connected, sincesuch a framework
is unstable. Ans.

kLS
o ft

it

[y
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