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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.

b 5
Beam BE. Since P _2m 2.5, the concrete slab will behave as a one way slab.

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

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

480 kN/m

SRV Ans.
1424 KN/m s

Live load for office: (2.40 kN/m?)(2 m) =

Due to symmetry the vertical reaction at B and E are
B, =E, = (14.24 kN/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 which is E, = 35.6 kN. The loading diagram for this beam is shown in Fig. c.

/4.24 /éﬁ)/m

D \V="
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a=zm — | sm 1
Im £,23540 il (b) Fy=3S.6044
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2-2. Solve Prob.2-1 witha =3 m,b =4 m.

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

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

. , 720 kN/m
Live load for office: (2.40 kN/m?)(3 m) = W Ans.
. m

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 whichis 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/m3)(0.2 m)(1.5 m)
= 7.08 kN/m

. . 3.60 kN/m
Live load for office: (2.40 kN/m?)(1.5 m) =~ 1063 KN/m ] Ans.
. m

2126 knjm

The loading diagram for Beam FED is shown in Fig. c.

LI-5m Im | [5m

a=3m By=2670k () Ey=26.70 &
1 Ev’Zé- 70 kN
0=3m 10-68 knfm 10-68 Knm

I

r’rs5m

D

12




© 2012 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.

2-3. 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.

b 30ft
ist BF. Si —-—=—
Joist Since 2 10

Thus, the tributary area for this joist is the rectangular area shown in Fig. a and the

= 3, the concrete slab will behave as a one way slab.

intensity of the uniform distributed load is

4
4 in thick reinforced stone concrete slab: (0.15 k/ft3)(ﬁ ft)(lO ft) = 0.5 k/ft

. 0.4 k/ft
Live load for classroom: (0.04 k/ft?)(10 ft) = Ans.
0.9 k/ft
Due to symmetry, the vertical reactions at B and F are
B, =F, = (09 k/ft)(30 ft)/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, = C, = D, = 13.5 k. The loading diagram for
this girder is shown in Fig. c.

a=noft | /oft | swft | loft 09 k/ft
[t ﬂ S
I
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*2-4, Solve Prob.2-3 witha = 10 ft,b = 15 ft.

15 f
Joist BF. Since s = ﬁ = 1.5 <2, the concrete slab will behave as a two way

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

4
4 in thick reinforced stone concrete slab: (0.15 k/ft3)(E ft)(lO ft) = 0.5k/ft

Live load for cl :(0.04 k/ft2)(10 ft LA Al
ive load for classroom: (0.04 k/ft%)( ) = 09K/t ns.
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)
B,=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 B, = C, = D = 4.50 k and the
triangular distributed load shown in Fig. a. Its maximum intensity is

4 in thick reinforced stone concrete slab:
4 09 Klfy
(0.15 k/ft3)(E ft)(S ft) = 0.25 k/ft

0.20 k/ft B \ F
Live load for classroom: (0.04 k/ft2)(5 ft) = — Ans.

0.45 K/ft

159t T

The loading diagram for the girder ABCDE is shown in Fig. c. 7t 56t

3-3-‘.4'-50 K (b ) F7 =450 k

Joft | /oft | /oft | Q=/0ft
5t | | ! 045klte | 045Kt | o+5kln| 045 Kift
54t i ! b=15ft A, : i
! ! 2) i{lc I[D E
5ft [ BN N u
A < b BTN AT e B

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

20 ft
Beam BF. Since 2 T7s5r 2.7 > 2, the concrete slab will behave as a one way

slab. Thus, the tributary area for this beam is a rectangle shown in Fig. a and the

intensity of the distributed load is

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

Live load from cl £ (0.04 k/E2)(7.5 ft _ 0300k/tt A
ive load from classroom: (0.04 k/ft=)(7.5 ft) ~ 0TS i s,
Due to symmetry, the vertical reactions at B and F are
0.675 k/ft)(20 ft
By:Fy=%:6.75k A,

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

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

O675 K/ft

J5H) 75t 0
20 I
r==7 ,—--—i$ B=675k G,=6.75 k.
| . ! ¢y 7
1 T
| } Hi |
] | Hi 1
| ' { | I
| 1 : | ]
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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 = 5 ft,b = 15 ft. Hint:
See Tables 1-2 and 1-4.

b 15ft
Beam BG. Since PR 3, the plywood platform will behave as a one way

slab. Thus, the tributary area for this beam is rectangular as shown in Fig. a and the

intensity of the uniform distributed load is
. . 1b 2
2 in thick plywood platform: (36 §> (E ft)(Sft) = 30 1b/ft
t

Line load for residential dwell '(401b)5ft - 2001k A
e load 1or resiaential aweller: ftz ( ) - 230 lb/ft ns:

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

230 Ib/ft)(15 ft
B =G =¢=1725 Ans.
y y 2
The loading diagram for beam BG is shown in Fig. a.

Beam ABCD. The loads that act on this beam are the vertical reactions of beams
BG and CF at B and C which are B, = C, = 1725 Ib.The loading diagram is shown
in Fig. c.

220 1bfft

/72546 /7254
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2-7. Solve Prob.2-6, with a = 8 ft,b = 8 ft.

b 8 ft
Beam BG. Since — = Py 1 <2, the plywood platform will behave as a two

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

Fig. a and the maximum intensity of the distributed load is

2
2 in thick plywood platform: (36 1b/ft3) (E in)(S ft) = 481b/ft

Live load fi idential dwelling: (40 Ib/ft)(8 fi —M A
ive load for residential dwelling: ( /t)(8 ft) = 368 10/ft ns.
Due to symmetry, the vertical reactions at B and G are
1
) (368 1b/ft) (8 ft)
B, =G,=—=7361b Ans.

7 2
The loading diagram for the beam BG is shown in Fig. b

Beam ABCD. The loadings that are supported by this beam are the vertical
reactions of beams BG and CF at B and C which are By = Cy = 736 1b and the
distributed load which is the triangular area shown in Fig. a. Its maximum intensity is

366 /b/

2
2 in thick plywood platform: (36 lb/ft3)(ﬁ)(4 ft) = 24 1b/ft \\
Live load fi idential dwelling: (40 Ib/ft®)(4 Ib/ft) = 1601o/1t A [ L
ive load for residential dwelling: ( /ft7)(4 1b/ft) = 184 Ib/ft ns. / P

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

q

53 =736

At 40t

41" 4f¢
/b 67’73é /b
(b)

ot

41t
4t

<4f'fJ.4ft;l.4‘f’f', . ‘H‘( J
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*2-8. Solve Prob.2-6,witha = 9 ft,b = 15 ft.

<

b

Beam BG. Since é = @
a 9 ft

two way slab. Thus, the tributary area for this beam is the octagonal area shown in

= 1.67 <2, the plywood platform will behave as a

Fig. a and the maximum intensity of the distributed load is

2
2 in thick plywood platform: (36 1b/ ft3)(§ in)(9 ft) 54 1b/ft

. . . . 5 360 Ib/ft
Live load for residential dwelling: (40 1b/ft")(9 ft) = m Ans.

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

2 %(414 Tb/£0)(4.5 ft)} L (414 1b/f)(6 o)

B, =G, = 5 = 2173.51b

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

Beam ABCD. The loading that is supported by this beam are the vertical
reactions of beams BG and CF at B and C which is By = Cy = 2173.5 1b and the
triangular distributed load shown in Fig. a. Its maximum intensity is

2
2 in thick plywood platform: (36 1b/ft3)(E ft)(4.5 ft)y = 27 Ib/ft

180 Ib/fi F14. 16/f¢

Live load for residential dwelling: (40 1b/ft?)(4.5 ft) = W Ans.

The loading diagram for beam ABCD is shown in Fig. c. B Eﬂ - o 'L 2 q

|4of5 eft 45ft |

| a=7/t | 9 7# byz 27251, Gy=2IB 518
454t
273516 21735 1
bft 207 Ih/te
45t A c

4R 451458 ot 4 o #5H
@)
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2-9. The steel framework is used to support the 4-in. C
reinforced stone concrete slab that carries a uniform live 3
loading of 500 Ib/ft>. Sketch the loading that acts along

members BE and FED. Set b = 10 ft, a = 7.5 ft. Hint: See Re
Table 1-2. ) / =~

3
<

b 10
Beam BE. Since 4 = 75 < 2, the concrete slab will behave as a two way slab.

Thus, the tributary area for this beam is the octagonal area shown in Fig. a and the

E>/
\/

maximum 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

3.75 k/fit

2R Ans.
4125 k/ft s

Floor Live Load: (0.5 k/ft?)(7.5 ft) =
Due to symmetry, the vertical reactions at B and E are

2 %(4.125 k/ft)(3.75 ft)} + (4125 k/ft)(2.5 ft)

B, = E, = 5 = 12.89k

The loading diagram for this beam 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 £, = 12.89 k and the triangular distributed load shown in
Fig. a. Its maximum intensity is

4
4 in thick reinforced stone concrete slab: (0.15 k/ ft3)(§ ft)(3.75 fty = 0.1875 k/ft

Floor live load: (0.5 k/ft*)(3.75 ft) = %ﬁ/ff: Ans. 4/35 k/ft
The loading diagram for this beam is shown in Fig. c. LR
E
3754t 125k 375K } \
c 2.54t| 3.75 ft
- 50
53=/z.39 K Ey=/2'89 K
':“'a - 575}{
BLARAS
2754t
75ft
A
b=/0ft

()
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2-10. Solve Prob.2-9,with b = 12 ft,a = 4 ft.

b 12
Beam BE. Since . = T = 3> 2, the concrete slab will behave as a one way

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

4
4 in thick reinforced stone concrete slab: (0.15 k/ft2)<ﬁ ft>(4 ft) = 0.20 k/ft

2.00 k/ft

Floor Live load: (0.5 k/ft)(4 ft) = 220 K/

Ans.

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

_ (220K/f)(12 f1)

B, =E, 5

8 =132k

The loading diagram of this beam is shown in Fig. b.

Beam FED. The only load this beam supports is the vertical reaction of beam
BE at E which is Ey =132k Ans.

The loading diagram is shown in Fig. c.

A=41¢
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2-11. Classify each of the structures as statically
determinate, statically indeterminate, or unstable. If
indeterminate, specify the degree of indeterminacy. The
supports or connections are to be assumed as stated.

}a A |
\ 7\ =Q

(a)

(b)

(e)
(@) r=5 3n=3(1) <5
Indeterminate to 2°.
(b) Parallel reactions
Unstable.
(c) r=3 3n =3(1) <3
Statically determinate.
(d r=6 3n =32) <6

Statically determinate.

(e) Concurrent reactions
Unstable.

Ans.

Ans.

Ans.

Ans.

Ans.

a)
G—T T
R
)
d4)
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*2-12. Classify each of the frames as statically determinate
or indeterminate. If indeterminate, specify the degree of
indeterminacy. All internal joints are fixed connected.

A\
(a)
: A
(b)
;\—/a
(c)
[Q
JE O NN
(d)

(a) Statically indeterminate to 5°.
(b) Statically indeterminate to 22°.
(c) Statically indeterminate to 12°.

(d) Statically indeterminate to 9°.

b)

O

Z‘-l?-r-n_

21 =12 17/

Ans.
Ans.
Ans.
Ans.

22
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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.

(a) r=26 3n =32) =6
Statically determinate.

(b) r=10 3n=3@3) < 10

Statically indeterminate to 1°.

(c) r=4 3n =3(1) < 4
Statically determinate to 1°.

<

Ans.

Ans.

Ans.

|
roller L "i;‘
| 3
fixed F*°
(@)
:5_(
& o) [ s
fixed pin pin fixed F~
(b)

23
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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.

(a) r=5 3n =32) =6

rocker
r <3n
Unstable.
(a)
®) r=9 3n =33) =9
r=3n
. . 4
Stable and statically determinate. [ D] D) g|
roller pin  roller pin fixed“3|
(c) r=28 3n =32) =6
r—-3n=8-6=2 (b)
Stable and statically indeterminate to the
second degree.
fixed 3 pin
I fixed || fixed
(©)

(@)

—

b)

~A (c)
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2-15. Classify each of the structures as statically
determinate, statically indeterminate, or unstable. If
indeterminate, specify the degree of indeterminacy.

(@) r=>5 3n=32) =6
r < 3n

Unstable.

(b) r=10 32 =33)=9andr —3n=10-9 =1

Stable and statically indeterminate to first degree.

(c) Since the rocker on the horizontal member can not resist a horizontal
force component, the structure is unstable.

"~

S

g —H— —>

@

i

(a)
> - [CH J|
(b)
Lof
(c)

(b)

—

A

(c)
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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.

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

(a)
(a) r=2 3n =3(1) =3 r<3n

Unstable.

(b) r=12 3n =32) =6 r> 3n

r—3n=12-6=6

Stable and statically indeterminate to the sixth degree.

(b)
(c) r==6 3n =32) =6
r = 3n
Stable and statically determinate. N g
(d) Unstable since the lines of action of the reactive force components are ©
concurrent.
/& ~
[ ] T~
(d)

27
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20 kN

2-18. Determine the reactions on the beam. Neglect the 26 kN
thickness of the beam. 13/,
5
12 ﬂ\ |5
C+XM, =0 B(15) — 20(6) — 20(12) — 26| — J(15) =0 A ‘ ‘ ==
13 6 m———f——6m———3 m—
B, = 48.0kN Ans.
12
+1>F, =0 Ay +480 =20 =20 — 2(26) = 0
26 eri
ZO0KN Jlee /
Ay = 16.0kN Ans. l | e
¥ ¥s
+ 5 Ax
_)EFx:O; Axf E 26 =0 ] éen e Ry
A, = 10.0 kN Ans.
2-19. Determine the reactions on the beam. 3kt

C+DM,=0; —60(12) — 600 + Fpcos60°(24) =0

Fy = 11000k = 110k ans. AT (\'

600 k - ft

s,

— > F,=0; A, =110.00sin60° = 0
A, = 953k Ans.

| 121t | 121t

2028)+ £(3024) = 0.0 kc

+13F, =0; A, = 11000 cos 60° ~ 60 = 0
A, = 500k Ans. TS ot

y 1

Ac 1 N Coo R TE j%.\
NRE: 127t 1 7

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

C+dM, =0,  Fp(26)-52(13) - 39(%)(26) =0 241t
Fp = 390k Ans.
12 12 12
+ = 0; - - | == + | = V) =
1> Fy=o0; Ay-13 69 (13)52 (13)(39 0) =0
A, = 48.0k Ans.
+ 5 5 5
- > F, =0 —A, + (E)” + <E>52 - (E)”'O =0
A, = 200k Ans.

28
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2-21. Determine the reactions at the supports A and B of
the compound beam. Assume there is a pin at C.

} 6m ‘ 2m——2m

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.

CH+D Mc=0; 4(6)(3) — Na(6) =0 N, = 12kN Ans.
C+DIM,=0; Cy6) —4(6)3)=0 C, =12kN Ans.
Then,

5SF =0 0-C,=0 C,=0

Using the FBD of segment CB, Fig. b,

5SF =0. 0+ B, =0 B =0 Ans.
+1>F, =0, B,-12-18=0 B, =30kN Ans.
C+H>Mp=0; 12(4) +182) — Mp=0 Mp=84kN-m Ans.

4(6) kN

29
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2-22. Determine the reactions at the supports A, B, D, 8k
and F. 2K/t

C E

L4 ft4L4ftji

'.i-_n‘B D Cad
B it 4
21t

]

Equations of Equilibrium: First consider the FBD of segment EF in Fig. a. N and 8 k
Ey can be determined directly by writing the moment equations of equilibrium

about E and F respectively.

C+DMp =0, Np—(8) —84) =0 Np=400k

Ans.
ns. Ex ) R A
|
C+S My =0, 84)—E,(8) =0 E, =400k
_ | 4 45
=

LSF =0 E =0
Consider the FBD of segment CDE, Fig. b, Ca' )
5SF =0 C,-0=0 C, =0

C+SMc =0, Np(4) —400(6) =0 Np = 600k Ans.

C+3SMp =0; Cy4) —400(2) =0 C, =200k

Now consider the FBD of segment ABC, Fig. c. Cx N f;fo
C+DM, = 0; Np(8) + 2.00(12) —2(12)(6) = 0 Ny = 150k Ans. ) 4]%‘ ’ 2/_7[‘[
C+XYMp = 0; 2(12)(2) +2.004) — A,(8) =0 A, = 7.00k Ans. P
(b)
ESF =0, A,-0=0 A, =0 Ans.
2(12)k
r——""—"""""""—"%4——"——"——"""——- T
A.)C i * : CX:O

) 1

| e# 2 7 |
A} N{5 Cu=2.00 k.
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2-23. The compound beam is pin supported at C and 8k 12 k
supported by a roller at A and B. There is a hinge (pin) at

D. Determine the reactions at the supports. Neglect the l 15k - ft VAR
thickness of the beam. A D B4~ 3 C

AT LT

4k 41t 2 ft

Equations of Equilibrium: Consider the FBD of segment AD, Fig. a.
5 SF, =0, D,—4sin30° =0 D, = 200 k

C+SMp =0; 8(2) +4c0s30°(12) = No(6) = 0 N,= 959k  Ans.

C+3My = 0;  D,(6) + 4cos30°(6) — 8(4) = 0 D, = 1.869k

Now consider the FBD of segment DBC shown in Fig. b,

3
i>EFX =0, C, — 200- 12(5) =0 C,= 920k Ans.
Q+2Mc =0, 1.869(24) + 15 + 12( >(8) Ng(16) = 0
Np= 854 k Ans.
Q+EMB = 0; 1.869(8) + 15 — 12< )(8) - C,(16) = 0

C, =293k Ans.

8k Df/v%?k

- 1 1 >Cx
30| eft T4t 42p Beeoo )
1K Ny Dy N,
(@) - ()
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*2-24. Determine the reactions on the beam. The support
at B can be assumed to be a roller.

Equations of Equilibrium:

N

C+SM, = 0; Np24) - 2(12)(6) - %(2)(12)(16) =0 Nz = 140kAns.

Q+EMB = 0 %(2)(12)(8) + 2(12)(18)-A,(24) = 0 A

LESF =0 A= 0

y = 220k Ans.

2K/t
A y A
B
12 ft 121t
Ans.
2012) k. +(2)(1R)k
[ R RN

Ax

Ay Ne
()
2-25. Determine the reactions at the smooth support C
and pinned support A. Assume the connection at B is fixed c
connected.
80 Ib /ft
30° 10 ft
A =
‘ B
6 ft
C+DM, = 0 C, (10 + 6sin 60°) — 480(3) = 0
C,=94761b = 94.81b Ans.
LS F, =0, A, - 9476sin30° = 0
A, = 4741b Ans.
+T2Fy =0; A, +9476cos30° —480 = 0
A, = 3981b Ans.
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2-26. Determine the reactions at the truss supports
A and B.The distributed loading is caused by wind.

‘ 48 ft 48 ft |

C+>M, = 0; B,(9%) + (%)20.8(72) - (%)20.8(10)

—(2)31.2(24) - (%)31.2(10) =0

13
B, = 5.117kN = 5.12kN Ans.
12 12
+1YF, =0, A, —5117 + (B)zo.s - <E>31'2 =0
A, = 147kN Ans.
+ 5 5
=0, —-B,+(-7)312 +|- 5208 =
— >F, =0, -B, (13)312 (13)208 0
B, = 20.0kN Ans.

&

]
24 | dfe T Zafed
M By
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2-27. The compound beam is fixed at A and supported by
a rocker at B and C. There are hinges pins at D and E.

Determine the reactions at the supports.

Equations of Equilibrium: From FBD(a),

C+3IMp=0; C(6)=0 C,=0

+1>F,

LESF =0 E =0

Il
=
o
|
o
Il
=
&
Il
=

From FBD (b),

C+3Mp=0; By4) —152) = 0

B, = 7.50kN

+1YF,=0; D, + 750—15 = 0

D, = 750kN
—=>F, =0, D, =0

From FBD (c),
C+HDMu= 0, M,y —750(6) =0

M, = 450kN-m

12,

LESF =0 A, =0

0; A,—750=0 A, =750kN

15 kN
A D l B E
Q) /3\ 0) gkc
6m ‘Zlelem‘ 6m ‘
Ex
Ans. :
6”’ L 4
E; (a) C%
15 kN %J-GE-\Q
Ans. ? R
K }_E‘ )
i) J
2m ' Zm | 2m]
D. 8
[N 4
2.50
Ans. Dlas.ﬁlq
R

Dx=0
Ans. Aﬁ—(‘-%l:?—
om

Ans. ©)
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*2-28. Determine the reactions at the supports A and B.

s A 3 k/ft 10k
The floor decks CD, DE, EF, and FG transmit their loads 3 et g
to the girder on smooth supports. Assume A is a roller and C D E ‘ F ‘G
Bisapin. L L L L L

I
A ” B
41t 4ft—f— 4 ft—f—4 1t
Consider the entire system.
C+XMp = 0;  10(1) + 12(10) — A, (8) = 0
3&)=20K 10 ¢
A, = 1625k =163k Ans. Tox
e
i)EFX:O; B, =0 Ans. e I—‘
py - I I T
+1YF, =0, 1625-12-10+B,= 0 { . - .
L o 8,
B, =575k Ans. | 476 T agt 401 4A
2-29. Determine the reactions at the supports A and B of 4kN/m
the compound beam. There is a pin at C.
Ab B
- C B
[
Member AC: |
C+DXMc = 0;-A,(6) +12(2) = 0 6m 45m

A, = 4.00kN Ans.
+1>3F, =0, C,+400-12=0
C, = 8.00kN
S3F =0 C =0
Member CB:

C+ S Mg =0;—Mp + 800(45) + 9(3) = 0

Mp = 63.0kN-m Ans.
+13F,=0; B,-8-9=0

B, = 17.0kN Ans.
L SF, =0, B, =0 Ans.
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2-30. Determine the reactions at the supports A and B of 2 kN/m

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

‘ 6m 4m

Member AC:

C+XEMc=0; —A,(6) + 6(2) = 0; A, = 200kN Ans.
L SEo=0 C, =0

+1>F, = 0 200 -6 + C, = 0 C, = 400kN

Member BC:

+1>F, = 0 —-400 -8 + B, = 0; B, = 120kN Ans.
% SF,=0; 0—-B, =0, B, =0 Ans.
C+XMp =0,  —Mp + 82) + 400(4) = 0; My = 320kN-m Ans.
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2-31. The beam is subjected to the two concentrated loads
as shown. Assuming that the foundation exerts a linearly

2P

varying load distribution on its bottom, determine the load |

Wt~

Wt~

intensities w; and w, for equilibrium (a) in terms of the

parameters shown; (b) set P =500 1b, L =12 ft.

Equations of Equilibrium: The load intensity w, can be determined directly by
summing moments about point A.

C+3IM, = 0 P(%) - wlL(%) =0

2P
wy = T Ans.
1 2P 2P
+T2Fy=0; E(WZ_T)L+T(L)_3P:0
4P
w, = (T) Ans.
If P=5001b and L =12 ft,
2(500)
W= T T 83.3 Ib/ft Ans.
4(500)
Wa= T T 167 Ib/ft Ans.
P 2P
L
5 | £ 5
[‘7 Y h l
— R
s R
-  —
"5 wee

LML
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*2-32  The cantilever footing is used to support a wall near 20000 1b

its edge A so that it causes a uniform soil pressure under the

footing. Determine the uniform distribution loads, w, and ﬂ 025 ft 8000 Ib
w g, measured in Ib/ft at pads A and B, necessary to support

the wall forces of 8000 1b and 20 000 Ib.

C+3M, =0, —8000(10.5) + wg (3)(10.5) + 20 000(0.75) = 0

wp = 2190.5 Ib/ft = 2.19 k/ft Ans.
+T3F, = 0;  2190.5(3) — 28000 + wy (2) =0 26,008 1b §ooslb
| ' sft
wy = 10.7 k/ft Ans. eas ft
L $A7 10.5 Bt
) (N7 re wuﬁ;—"fft

2-33. Determine the horizontal and vertical components
of reaction acting at the supports A and C.

Equations of Equilibrium: Referring to the FBDs of segments AB and BC
respectively shown in Fig. a,

C+>XM, =0, B,(8) + B,(6) —50(4) = 0 @)
C+3Mc = 0; B, (3) — B,(4) +30(2) = 0 ) Ey By
bm N 3m
Ex Zm
4m 30kN< \
Zm
>50 k) & ——
4m
&
Ax. (a)
A}V 5
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2-33. Continued

Solving,

B, = 6.667TkN B, = 20.0kN

Segment AB,
5 MF,=0; 50-200—-A, =0 A, =300kN Ans.
+13F, =0, 6667—-A, =0 A, =667kN Ans.
Segment BC,
5 >F, =0, C,+200-30=0 C,— 10.0kN Ans.
+1YF, =0, C,-6667=0 Cy=667kN Ans.
2-34. Determine the reactions at the smooth support A 150 Ib/ft
and the pin support B. The joint at C is fixed connected.
=
B
10 ft

Equations of Equilibrium: Referring to the FBD in Fig. a.
C+DMp=0; N,ycos60°(10) — N 4sin 60°(5) — 150(10)(5) = 0

N, =11196.151b = 112 k Ans.
5 SF, =0, B, - 11196.15sin 60° = 0

B, =9696.151b = 9.70 k Ans.
+1 > F,=0; 11196.15 cos 60° - 150(10) — B, = 0 Ans.

B, = 4098.081b = 4.10 k

150(10) 1b
5Lt 5ft
AR (R ——

(&)
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2-35. Determine the reactions at the supports A and B.

30 ft

L

48 ft 48 1t
700 1b/ft at 52 ft = 36,400 Ib or 36.4 k
500 1b/ft at 30 ft = 15,000 Ib or 15.0 k
48 20
C+OM,=0; 96(B,) —24 ) (36.4) — 40 5 (36.4) — 15(15) = 0
By, =16.58k = 16.6k Ans. YK
20 s
5 SF,=0; 15+ _-(364)-A, =0; A, =290k Ans. - ol .
52 v -
+1TSF, =0, A, +B §364—0' A, =170k A 1
E y =% y y_52( ')_ ’ y : DS 15! B’
15K 1
19’ :
. '
Ax gt ——vpe— 48 —"*
Ay
*2-36. Determine the horizontal and vertical components 0K 40 kN
of reaction at the supports A and B. Assume the joints at C 20 kN N
and D are fixed connections. l l
| 12 kN/m
T C D
4m

B e - ——
\
C+JMp=0; 20(14) + 30(8) + 84(3.5) — A,(8) = 0 6m §m |
A, = 101.75kN = 102 kN Ans.
isz:(); B, -84 =0 20K4
e~
B, = 84.0kN Ans. x

+1>F,=0; 101.75-20 — 30 — 40 — B, = 0

B, = 11.8kN Ans.
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2-37. Determine the horizontal and vertical components

200 N/m

force at pins A and C of the two-member frame.

3m
Free Body Diagram: The solution for this problem will be simplified if one realizes
that member BCis a two force member. c
Equations of Equilibrium: ]:Q

C+SM,=0; Fpecos4d5 (3) - 600 (1.5) =0

Fpe = 42426 N

+1SF, =0, A, + 42426 cos 45° - 600 = 0

A, = 300N Ans.
LSF, =0 42426sin45°— A, = 0 Ans.
A, =300N
For pin C,
C, = Fpcsin45° = 424.26 sin 45° = 300 N Ans.
C, = Fpccos 45° = 424.26 cos 45° = 300 N Ans.
200(3)= 600N
Ax LT Vo :
< 2)
Ayl foc 7 ”
Iy 5m r5m |

3m |
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2-38. The wall crane supports a load of 700 Ib. Determine D
the horizontal and vertical components of reaction at the g
pins A and D. Also, what is the force in the cable at the
winch W?
4
4 ft i
C
Pulley E: E
+1SF, = 0; 2T-700 = 0
T = 3501b Ans.
Member ABC: 7001b
C+dM, = 0 T ppsin 45° (4) — 350sin 60°(4) — 700(8) = 0
T
Tgp = 24091b
E
+1 > F, = 0; A, + 2409 sin45° - 350 sin 60° — 700 = 0
A, =7001b Ans. 7004
+ o (e} T
- > F, =0 A, — 2409 cos 45° — 350 cos 60° + 350 — 350 = 0 &>
4:%\ 3<alb 290
— — 57—
A, =188k Ans. A A 607/ ”;_.1
. 700lb
ALD: *, 3SoL
D, = 2409 cos45° = 1703.11b = 1.70k Ans. 24091p
D, = 2409sin45° = 1.70k Ans.
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2-39. Determine the resultant forces at pins B and C on 5 ft 2 ft——‘
member ABC of the four-member frame.
150 1b /ft
°) ) o
4 A B C
C+XMp = 0; Fep(7) - 5Fee() = 0
4
Fpr = 15311b = 153k Ans.
Fep = 3501b Ans. L E@, D N
2t 5ft |
e
5“ :;f'
*2-40. Determine the reactions at the supports is A and w

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

Member BC:

C+>Mp = 0; C,(L5L) - (1.5wL)(%) =0
C, = 075wL

+13F, =0, B,— L5wL + 0.75wL = 0

B, = 075wl

Member CD:

C+DMp=0;
LSF =0 D=0
+1>F, =0, D,—075wL =0

D, = 075wL

w o - y 4
B
L
ol A+
‘ 1.5L ‘
5wl
: &
By =— 015l —spe 0.5 L —»
1 -
B,
Ans.
Ans.
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*2-40. Continued

Member BC:

5SF =0 B,—0=0 B, =0

Member AB:

5SF, =0 wL— A, = 0 Ans.
A, =wL Ans.

+1>F, =0, A -075wL =0
A, = 0.75wL Ans.

My = — Ans.

_.-C’

2-41. Determine the horizontal and vertical reactions at

400 Ib 400 1b

the connections A and C of the gable frame. Assume that A, 600 1b 0016
B, and C are pin connections. The purlin loads such as D 800 1b \ E s F . 8001b
and E are applied perpendicular to the center line of each B G
girder. > ft
10 ft
1201b/ft 2 4 c
6 6 ft— 6 6 ft—]
Member AB:

C+3 M4 = 0;  B.(15) + By(12) — (1200)(5) - 600 (%)(16) ~ 600 (%)(12.5)

—400( )(12) 400< )(15)—0

B.(15) + By(lz) = 18,946.154 (1)
Member BC:

C+3Mc = 0, — (B)(15) + By(12) + (600)( )(6) + 600( )(12 5)

+ 400( )(12) + 400( )(15)

B,(15) — B,(12) = 12.946.15 )

.2k
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2-41. Continued
Solving Egs. (1) and (2),

B, = 1063.08 b, B, = 250.01b

Member AB:
+ 5
— > F, = 0 —A, + 1200 + 1000 EVA 1063.08 = 0
A, = 5221b Ans.
12
+1>F, =0 A, — 800 — 1OOO<E) +250 = 0
A, = 14731b = 147k Ans.
Member BC:
+ 5
— > F, = 0 —-C, — 1000 'E} + 1063.08 = 0
C, = 6781b Ans.
12
+1>F, =0 C, — 800 — 1OOO(B> +250.0 =0
C, = 19731b = 197k Ans.
2-42. Determine the horizontal and vertical components 50 kN 40 kKN
of reaction at A, C, and D. Assume the frame is pin ‘«I.Sm m #1_5 m»‘
connected at A, C, and D, and there is a fixed-connected 15kN/m
joint at B. T .
B .
|
4m nEE
pu
6m le—
Member CD:
A ~
C+DMp = 0, —Cy(6) +90(3) =0 A |
|
C, = 45.0kN Ans.
|
+ 4 D
= >F, =0, D, +45-90 = 0 ——alake—
D, = 45.0kN Ans. Do dpen c
I-;f’ 20 [I.5m : z
+1>F, =0, D,-C, =0 (1) l‘——'l’—*, '—4’?(_4‘
X i
Member ABC: ‘Lm
4m . i
- 0 _ _ — C? 5m
C+XM, = 0 Cy(5) + 45.0(4) — 50(1.5) — 40(3.5) = 0 =
Ag o
C, = 7.00kN Ans. 3m
X L
, b——T-.J
%
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2-42. Continued

+1>F, =0 A, +7.00 - 50 - 40 = 0
A, = 83.0kN

L3F, =0 A, - 450 = 0
A, = 450kN

From Eq. (1).

D, = 7.00kN

y

Ans.

Ans.

Ans.

2-43. Determine the horizontal and vertical components
at A, B, and C. Assume the frame is pin connected at these
points. The joints at D and E are fixed connected.

C+XM, = 0, —18ft(B,) + 16ft(B,) = 0

18 ft

C+SMc = 0; 15k (5ft) + 9 £t (56.92 k (cos 18.43%)) + 13 ft (56.92 k (sin 18.43°))

-16ft (B, — 18ft(B,) = 0
Solving Eq.1 & 2
B, = 2484k

B, = 2208k

y

ESF, =0, A, —2484k =0
A, = 2484k

+1>F, =0, A —2208k =0

A, = 2208k

Yy

E3F, =0, C,— 15k — sin (18.43°) (56.92k) + 24.84 k
C, = 816k

+T>F, = 0; Cy+ 2208k — cos (18.43°)(56.92k) = 0

Cy =319k

Ans.

Ans.

Ans.

(1

@

LSk/ft 10 ft
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*2-44. Determine the reactions at the supports A and B. 10kN/m
The joints C and D are fixed connected.

C+SM, = 0; %FB(4.5) + %Fg(z) - 30(15) = 0

Fp = 9375kN = 938kN

Ans. l

3m 1.5 m—
4
+13F, =0, A, + Z(9375) —30 = 0
5 10(3)-‘3;&’»4 p
|.Sm y 1.5y 15
A, = 225kN Ans. -
+ 3 4
= >F, =0, A, — 5(9.375) =0 7
2m
A, = 5.63kN Ans. L ———L—
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