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P10.1. For the truss in Figure P10.1, compute the horizontal
and vertical components of displacement of

joint B produced by the 100-kip load. The area of all

bars = 4 in’and E = 24,000 kips/in’.
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P10.2. For the truss in Figure P10.1, compute the vertical
displacement of joint 4 and the horizontal displacement
of joint C.
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P10.3. For the truss in Figure P10.3, compute the horizontal
and vertical components of the displacement

of joint C. The area of all bars = 2500 mmz, and E =
200 GPa.
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P10.4. For the truss in Figure P10.3, compute the vertical
displacement of joint B and the horizontal displacement
of the roller at joint 4.
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P10.5. (a) In Figure P10.5 compute the vertical and hor-
izontal components of displacement of joint E produced
by the loads. The area of bars AB, BD, and CD = 5 in%;
the area of all other bars = 3 in2. E = 30,000 kips/in®.
(b) If bars AB and BD are fabricated 2in too long and sup-
port D settles 0.25 in, compute the vertical displacement

of joint E. Neglect the 120-kip load. CARY A& PO py FapRiC:
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P10.6. When the truss in Figure P10.6 is loaded, the
support at E displaces 0.6 in vertically downward and the
support at 4 moves 0.4 in to the right. Compute the
horizontal and vertical components of displacement of joint
C. For all bars the area = 2 in? and E = 29,000 kips/in’.
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P10.7. (@) Compute the vertical deflection of joint D
produced by the 30-kip load in Figure P10.7. For all bars
area = 2 in” and E = 9000 kips/ir’, (b) Assume that the
truss is unloaded. If bar AE is fabricatedgn too long, 8/5
how far to the right nmst the roller at B be displaced
horizontally so that no vertical deflection occurs at joint D?
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P10.8. (a) Find the horizontal deflection at joint B produced

by the 40-kip load in Figure P10.8. The area of all

bars in units of square inches is shown on the sketch of
the truss; E = 30,000 kips/in”. () To restore joint B to
its initial position in the horizontal direction, how much
must bar 4B be shortened? (c) If the temperature of bars
AB and BC increases 80°F, determine the vertical
displacement of joint C. ¢; = 6.5%10° (in/in)/°F. The
rocker at support 4 is equivalent to a roller.
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P10.9. Determine the horizontal and vertical deflection
of joint C of the truss in Figure P10.9. In addition to the
load at joint C, the temperature of member BD is subject
to a temperature increase of 60°F. For all bars, E =
29,000 kips/in®, 4 = 4 in?, and o = 6.5%10° (in/in)/°F.
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P10.10. In Figure P10.10 if support 4 moves horizontally
2 in to the right and support F settles 1 in vertically,
compute the horizontal deflection of the roller at support
G.

Wa=Uz; 228, =2ZF L, 0.5 (2")+ O%(1*) + 1%Dsu=0
Jam =" «—
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P10.11. When the 20-kip load is applied to joint B of
the truss in Figure P10.11, support 4 settles vertically
downward in and displaces in horizontally to the right.
Determine the vertical displacement of joint B due to all
effects. The area of all bars = 2 in%; E = 30,000 kips/inz.
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P10.12. Determine the value of the force P that must be
applied to joint C of the truss in Figure P10.12 if the
vertical deflection at C is to be zero. The area of all
bars = 1.8 in%; E = 30,000 kips/in’.
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P10.13. In Figure P10.13 support D is constructed 1.5
in to the right of its specified location. Using Bernoulli’s
principle in Section 10.8, compute (a) the horizontal
and vertical components of the displacement of joint B
and (b) the change in slope of member BC.
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P10.14. If supports 4 and E in Figure P10.14 are constructed
30 ft and 2 in apart instead of 30 ft apart, and if

support E is also 0.75 in above its specified elevation,
determine the vertical and horizontal components of
deflections of the hinge at C and the slope of member

AB when the frame is erected.
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P10.15. Under the dead load of the arch in Figure

P10.15, the hinge at B is expected to displace 3 in downward.
To eliminate the 3-in displacement, the designers

will shorten the distance between supports by moving
support 4 to the right. How far should support 4 be moved?
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P10.16. (a) Compute the vertical deflection and slope of P=6kips
the cantilever beam at points B and C in Figure P10.16. y w =1 kip/ft I
Given: El is constant throughout, L = 12 ft,and £ = e

4000 kips/in’. What is the minimum required value of 7 if
the deflection of point C is not to exceed 0.4 in?
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P10.17. Determine the magnitude of the vertical force
P that must be applied at the tip of the cantilever beam
in Figure P10.17 if the deflection at B is to be zero. EI
is constant. Express the answer in terms of w and L.
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P10.18. Compute the vertical deﬂectlon of point Cin
Figure P10.18. Given: I = 1200 in*, E = 29,000 kips/in’.
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P10.19. Compute the deflection at midspan of the beam
in Figure P10.19. Given: =46  10s mma4, E = 200
GPa. Treat rocker at E as a roller.
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P10.20. What is the minimum required value of I for
the beam in Figure P10.20 if point 4 is not to deflect
more than 0.3 in? Given: EI is constant, £ = 29,000
Kips/in’.
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P10.21. Compute the deflection at midspan and the
slope at 4 in Figure P10.21. EI is constant. Express the
slope in degrees and the deflection in inches. Assume a
pin support at A and a roller at D. E = 29,000 kips/in®,
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P10.22. Compute the slope at supports 4 and C in Figure

P10.22. ET is constant. Express your answer in terms
of E, I, L, and M.

P10.22
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P10.23. Compute the deflection at B and the slope at C
in Figure P10.23. Given: EI is constant.

4 kips/ft
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P10.24. Compute the horizontal and vertical components S kips
of deflection at pomt D in Figure P10.24. EI is
constant, 7 = 120 in*, E = 29 ,000 kips/in®.
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P10.25. Compute the vertical deflection of joint C in
Figure P10.25. In member 4BC consider only the stram
energy assomated with bending. Given: Iuc= 340 i in*

and Asp= 5 in>. How much should bar BD be lengthened
to eliminate the vertical deflection of point C when

the 16-kip load acts?
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P10.26. Compute the horizontal and vertical components
of the deflection at C in Figure P10.26.
E =200 GPa, I = 240 x 10° mm".
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P10.27. Compute the vertical displacement of the hinge

at C in Figure P10.27. EI is constant for all members, E=
200 GPa, I = 1800 x 10°mm
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P10.28. Determine the value of moment that must be
applied to the left end of the beam in Figure P10.28 if
the slope at 4 is to be zero. EI is constant. Assume
rocker at support D acts as a roller.
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P10.29. Compute the vertical deflection at B and the
honzontal deﬂectlon at Cin Flgure P10.29. Given: Acp =
3 in’ IAC_ 160 in*, A4c= 4 in?, and E = 29,000

klps/m Consider the strain energy produced by both
axial and flexural deformations.

l— 1® e
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Fa =1 Mg=@
4 Fa=0 S ( qu—ax‘)g S’(%)QXAVEL
. 3
- 104194+ 13.5[21°(1128)+
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P10.30. Compute the vertical and horizontal deflection

at B and at the midspan of member CD in Figure P10.30. w =24 kipa/ft
Consider both axial and bendmg deformations. leen 11 1 4 !
E = 29,000 kips/in®, I = 180 in®, area of column = 6 i in?, b
area of girder = 10 m2 u e _{
12
20‘ l
P10.30
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P10.30 continued
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P10.31. Beam ABC is supported by a three-bar truss at
point C and at 4 by an elastomeric pad that is equivalent

to a roller. (a) Compute the vertical deflection of point B
in Figure P10.31 due to the applied load. (b) Compute the
change in length of member DE required to displace
point B upward 0.75 in. Is this a shortening or lengthening
of the bar? Given: E = 29,000 kips/inz, area of all

truss bars = 1 in?, area of beam = 16 in?, 7 of beam =

1200 in*.
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P10.32. (@) Compute the slope at 4 and the horizontal
displacement of joint B in Figure P10.32. £/ is constant

for all members. Consider only bending deformations.
Given: 1 = 100 in*, E = 29,000 kips/in’. (b) If the horizontal
displacement at joint B is not to exceed i, ¥ m.

what is the minimum required value of I?
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P10.33. Compute the vertical displacement of joints B

and C for the frame shown i in Figure P10.33. Given: I =
360 in®, E = 30,000 kips/in®. Consider only flexural
deformatxons

Pa
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S| ex
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ﬂ 10 N §|
P> 24
P4 &- SYSTEM FoR Scv
- T Yo w4 E= 90,000 sl
camruth | sBaMT | JRoum | Raugs | Mp Mg
bu | 40 A |oexeis | B4izx | 8biax
(Masuig)
(trre | ¢O ¢ |otxio| 90x L
R-5Y5.)
v 0 A 0£%,&15 | BA-12x | 15-1X.
cPb —_— 0 .
S5 & FpZMgMpdx/er = Tlgidx/el
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P10.34. If the horizontal displacement of joint B of the
frame in Figure P10.34 is not to exceed 0.36 in, what is
the reqmred I of the members? Bar CD has an area of
4in’, and E = 29,000 kips/in®. Consider only the bending

deformatlons of members AB and BC and the axial
deformation of CD.
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P10.35. For the steel rigid frame in Figure P10.35, compute
the rotation of joint B and the horizontal displacement

of support C. Consider only the deflections produced

by bending moments. Given: E = 200 GPa, =

80 x 10° mm*.
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P10.36. For the steel frame in Figure P10.36, compute
the horizontal displacement of joint B. For member P o SOKN =
BCD, E = 200 GPa and I = 600 * 10°mm®. For member
AB, area = 1,500 mm’.
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P10.37. Compute the vertical displacement of the hinge

at C for the funicular loading shown in Figure P10.37.

The funicular loading produces direct stress on all sections
of the arch. Columns transmit only axial load from

the roadway beams to the arch. Also assume that the
roadway beams and the columns do not restrain the arch.
All reactions are §iven. For all segments of the arch 4 =
20 in?, =600 in*, and £ = 30,000 kips/in®.

40 kips ISkips 30kps ISk 40 kips

ARCH SUPPORTS A FUNICULAR
LOADING, THEREFORE Mp=O

P-5ysTEM Lie = 418’
' L gc= 32. 14!
35k
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sk ‘f&f Q= 0.6 082+ 0.5 sin2l°
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P10.38. Determine the horizontal and vertical deflection
of the hinge at point C of the arch in Figure P10.37

for a single concentrated load of 60 kips applied at joint J ! - ; S -
B in the vertical direction. See Problem P10.37 for properties
of the arch.

T————————4@30‘ = 120'———-———1

P10.37
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P10.38 continued

HoRlzoTAL. DISPLACEMEMT Kk a
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P10.39. Compute the vertical displacement of point
C for the beam in Figure P10.39. For the beam I =
360 x 10°mm® and E = 200 GPa. For the cable 4 =
1600 mm’ and E = 150 GPa.

P10.29
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P10.40. Using a finite summation, compute the initial 124ps 12 kips
deflection at midspan for the beam in Figure P10.40.
Given: E = 3000 kips/in®. Use 3-ft segments. Assume
I=05. :

L—o—J——e—.L—v—J ¥

P10.40

E=3000kips/in*. USE X = o.51g

P- SYSTEM m"
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P10.41. Using a finite summation, compute the initial
deflection at point C for the tapered beam in Figure

P10.41. E = 3500 kips/in®. Base your analysis on the
properties of 0.5/c.

!- 6m —!'—!—3m—’l

2@1lm
P10.41
LOMPUTE Ac | DAY PROPERTIES OF SELMEBNT au DEPMH @ CENTER 1ga<"
A <
1 i 3 4 5 o 7 5 9 19 LI
] Py ° . . . ® »
*%9 “a"“‘-‘;\‘“ - 499
K»lm,al:"” 550 ) Loq 43 &ao
v } Rps 281.96%
’ Awm _l
= - e |
<o | h ovaxies €2 3500 K/m* = 24100 MPa
2 'o . A¥s 1m
b:%20mm
TAOLE L
,=.-.=—_==== .
SEHMENT Mp h T=bh¥iz e/t
Na. Ko -m wm mon X 10 (107°)
M
1 61. 4% 326 G4 : 2.2%%
2 19 4 29 2315 \406.15 15928
3 b 25749 415 2041.08 31,903
& | usa | 415 185792 45 360
s L Auz.e1 | 64§ 1558.75 55.91%
o L 44513 515 5269 .58 L33
7 LULD.5Y Lo 5740, ad 11.496
¢ UHC.00 Gao §7L8.00 .99
* ' 450. g0 550 4830,07 45,642
\q 210, 00 A50 243%0,00 20.00
1 84.00 3so 1Héd33 1. 085

L =445 4 X\07¢
USE P 5Y41EM 2% &-5V4[EM  (Me=Mp)
IBQKN *Ac = ZMeMp Ax/ET = (L x/f0 M */05L
Ac =(1/2400) (445 .4 x10°9455) (107 180) = 2ol mim
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P10.42. Computer study—Influence of supports on frame
behavior. (a) Using the RISA-2D computer program,
compute the initial elastic deflection at midspan of the girder
in Figure P10.42, given that the support at D is a roller. For
the computer analysis, replace the tapered members by 3 ft-
long segments of constant depth whose properties are based
on each segment’s midspan dimensions; that is, there will be
9 members and 10 joints. When you set up the problem,
specify in GLOBAL that forces are to be computed at three
sections. This will produce values of forces at both ends and
at the center of each segment. To account for cracking of the
reinforced concrete, assume for girder BCD that I. = 0.351c;
for column AB assume /. = 0.7/ (compression forces in
columns reduce cracking). Since deflections of beams and
one-story rigid frames are due almost entirely to moment and
not significantly affected by the area of the member’s cross
section, substitute the gross area in the Member Properties
Table. (b) Replace the roller at support D in Figure P10.42
by a pin to prevent horizontal displacement of joint D, and
repeat the analysis of the frame. The frame is now an
indeterminate structure. Compare your results with those in
part (@), and briefly discuss differences in behavior with
respect to the magnitude of deflections and moments.

A
Ez;j::[vaﬂes

P10.42

(a) Roller Support at D

-24k

{Joint | “J Joint Arealin*2] | . Ineriafin®4] - -Young'siksi] | | Relea... Len&._j
M1 N1 N2 204 3439.1 3000 3
M2 N2 N3 228 48013 3000 3
M3 N3 N4 252 5482.7 3000 ]
M4 N4 N5 215 34784 3000 3
M5 N5 NG 246 30153 3000 3
M6 NE N7 234 25852 3000 3
M7 N7 N8B 222 2216.1 3000 3
M8 N8 Ng 210 18758 3000 3
M9 N9 N1O 198 1572.2 3000 _i__a__

P10.42 Continued
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P10.42 continued -Part (a)
Moment Diagram (kip-ft) and Deflected Shape:

108

/ Deflected Shape
/ Vertical deflection at midspan of beam =
74! . 0.712 in., Horizontal deflection = 0.991 in.
(b) Pin Support at D
-24k
M4 M5 M8 M7 ME___ Mg
Eﬂ_ T TG Sr e [ S - E—a A I
N3
5
N2
=
A

Moment Diagram (kip-ft) and Deflected Shape:
) "

Deflected Shape
Vertical deflection at midspan of beam =
0.373 in., Horizontal deflection = 0.001 in.

When the support at D is a roller, the horizontal equilibrium of the entire structure requires that the
reaction at support A (i.e., the shear of column AB) be equal to zero. As a result, column AB is
subjected to an axial load only and beam BD acts as a simply supported beam. Since end B of the
beam rotates, column AB has to sway to the right in order to maintain the 90-degreee angle with the
beam and, at the same time, the column has to remain straight (i.e., no moment in the column.) Once
the roller is replaced by a pin support, the horizontal reaction at A produces a moment at the top end
of the column, which restrains the beam and reduces the vertical deflection at midspan by about a
half; this restraining effect also reduces the beam moment at midspan by 34%.
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