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CHAPTER 5: BEAMS AND FRAMES




P5.1. Write the equations for shear and moment
between points B and C as a function of distance x along
the longitudinal axis of the beam in Figure P5.1 for (a)
origin of x at point 4, and () origin of x at D.
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P5.2. Write the equations for shear and moment between
points D and E. Select the origin at D.
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P5.3. Write the equations for shear and moment between
points 4 and B. Select the origin at 4. Plot the graph of M, =12kN.m w =3 kN/m
each force under a sketch of the beam. The rocker at 4
1s equivalent to a roller.
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PS5.4. Write the equations for shear }" and moment A/ w =4 kips/ft

between points B and C. Take the origin at point A.
Evaluate ¥ and M at point C, using the equations.
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P5.5. Write the equations for moment between points B
and C as a function of distance x along the longitudinal w =3 kips/ft
axis of the beam in Figure P5.5 for (a) origin of x at 4
and (b) origin of x at B.
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P5.6. Write the equations required to express the
moment along the entire length of beam in Figure P5.6.
Use an origin at point 4, and then repeat computations
using an origin at point D. Verify that both procedures
give the same value of moment at point C.
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P5.7. Write the equations for shear and moment using 10 kips
the origins shown in the figure. Evaluate the shear and
moment at C, using the equations based on the origin at 1 w =5 kips/ft
point D,
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P5.8. Write the equation for moment between points B w = 6 kips/ft
and C for the rigid jointed frame in Figure P5.8.
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P5.9. Write the equations for moment as a function of
distance along the longitudinal axes for members 4B
and BC of the frame in Figure P5.9. Origins for each
member are shown.
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P5.10. Write the equations for shear and moment
between points B and C for the rigid frame in Figure
P5.10. Select the origin at point C.
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PS5.11. Consider the beam shown in Figure P5.11. The
elastomeric pad at support 4 is equivalent to a roller.
(a) Write the equations for shear and moment in
terms of x. Select an origin at 4.

(b) Locate the section of maximum moment.

(c) Calculate Mmax.
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P35.12. Consider the beam shown in Figure P5.12.

(a) Write the equations for shear and moment
for the beam using an origin at end 4.

(b) Using the equations, evaluate the moment at section A.
(¢) Locate the point of zero shear between B and C.

(d) Evaluate the maximum moment between points B and C. s —
(e) Write the equations for shear and moment using an origin b 4} 16' =
at C.

(f) Evaluate the moment at section A.

{g) Locate the section of maximum moment and
Munax.

P5.12

evaluate

(h) Write the equations for shear and moment between B and

C using an origin at B.
(/) Evaluate the moment at section A.
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P5.13. For each beam, draw the shear and

moment diagrams, label the maximum values of shear
and moment, locate points of inflection, and make an

accurate sketch of the deflected shape.

6

Page 5-13




P5.14. For each beam, draw the shear and

moment diagrams, label the maximum values of shear
and moment, locate points of inflection, and make an
accurate sketch of the deflected shape.
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P5.15. For each beam, draw the shear and

moment diagrams, label the maximum values of shear
and moment, locate points of inflection, and make an
accurate sketch of the deflected shape.
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P5.16. Draw the shear and moment diagrams for all
members of the frame in Figure P5.16. Sketch the
deflected shape.
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P5.17. Draw the shear and moment diagrams for girder
BCDE and sketch its deflected shape. The support at £
may be treated as a roller, and connections at joints A4,
C, D, and F may be treated as frictionless pins.
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P5.18. Draw the shear and moment curves for each

member of the frame i Figure P5.18. Sketch the deflected
shape.
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P5.19. Draw the shear and moment curves for each w=2kN/m
member of the frame in Figure P5.19. Sketch the deflected

shape. T
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P5.20. Draw the shear and moment curves for the beam 4kN/m hinge 2 kNfm
in Figure P5.20. Sketch the deflected shape.
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P5.21. Draw the shear and moment curves for each ¥,

member of the frame n Figure P5.21. Sketch the deflected ‘ " B

shape hinges at B and C. ]7 3

30 kN- %
i ' 2 w=5tN/m
| ST
C o e ] D
iy e (L 6m J

P5.21

Link me CARRIES AXIAL LosgD ONLY.

lL‘Bm +3m..+ b m _r!

Ra=IS

MeMeer €D Lg:_!?@@f
+15 'S
- \V4

3
. -5
P e

_—

MeEMBER. AR
I =3 M} =

—

7 o
L f;s 36 kii-m ‘Lrskll

: 115 V(kﬂ!

M (kK.m)
%
-15

12 0
=
|
DEFLECTED e
SHAPE - =

Page 521




P5.22. Draw the shear and moment curves for each

member of the frame in Figure P5.22. Sketch the deflected
shape. Fixed end at 4.
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P5.23. Draw the shear and moment curves for each
member of the frame in Figure P5.23. Sketch the deflected
shape.
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P5.24. Draw the shear and moment curves for each
member of the frame in Figure P5.24. Sketch the deflected
shape.
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P5.25. Draw the shear and moment curves for each w= 12 kipsife
member of the beam in Figure P5.25. Sketch the deflected
shape. The shear connection at B acts as a hinge.
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P5.26. Draw the shear and moment curves for the beam w=6 kips/ft
in Figure P5.26. Sketch the deflected shape.
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P5.27. Draw the shear and moment curves for the beam
in Figure P5.27. Sketch the deflected shape.
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P5.28. Draw the shear and moment curves for the . w= 4 kips/ft

indeterminate beam in Figure P5.28. Reactions are given. 45kip-ft ]
Sketch the deflected shape. (; - T
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P5.29. Draw the shear and moment curves for the beam
in Figure P5.29. Sketch the deflected shape.
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P5.30. Draw the shear and moment curves for the beam

P=30h§

in Figure P5.30 (reactions given). Locate all points of 1 l { 1 l“ 1{""/ L } L
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P5.31. Draw the shear and moment diagrams M,=435kN.m
for each indeterminate beam. Reactions are given. Label
maximum values of shear and moment. Locate all
inflection points, and sketch the deflected shape.
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P5.32. Draw the shear and moment diagrams

for each indeterminate beam. Reactions are given. Label 1393 kip-t

maximum values of shear and moment. Locate all
inflection points, and sketch the deflected shape.
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P5.33. Draw the shear and moment diagrams for Figure
P5.33. Sketch the deflected shape.
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P5.34. (a) Draw the shear and moment curves for the

frame in Figure P5.34. Sketch the deflected shape.

(b)Write the equations for shear and moment in column

AB. Take the origin at 4. (¢) Write the shear and moment

equations for girder BC. Take the origin at joint B.
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P5.35. Draw the shear and moment curves for each
member of the frame in Figure P5.35. Sketch the deflected
shape. Joints B and D are rigid.
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P5.36. Draw the moment diagrams for each member of
the frame in Figure P5.36. Sketch the deflected shape of
the frame. Joints B and C are rigid.
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P5.37. Draw the shear and moment curves for each
member of the frame in Figure P5.37. Sketch the
deflected shape. Treat the shear plate connection at C as
a hinge.
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PS5.38. (a) Make an accurate sketch of the deflected c

SKN
shape of the frame in Figure P5.38. Pay careful attention § _T
to curvature and displacement. Joint B is rigid. (b) Draw % 2m
a free body of joint B and show all forces. 2
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P5.39. For the frame in Figure P5.39, draw the shear

and moment curves for all members. Next draw an accurate
sketch of the deflected shape of the frame. Show all

forces acting on a free-body diagram of joint C. (Joint C

is a rigid joint.) Fixed support at 4.

klj M, =120 kip-f

A, =20 kips
R
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P5.40. (a) Sketch the deflected shape of the frame in
Figure P5.40 accurately. Reactions and moment curves
are given. Curvature is also indicated. Joints B and D are
rigid. The hinge is located at point C. (b) Using an origin
at 4, write the equations for shear and moment in member
AB in terms of the applied load and the distance x.

20 kips 32 kips
—¢ o b
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P5.41. Draw the shear and moment curves for all members
of the frame in Figure P5.41. Sketch the deflected
shape (reactions given).
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P5.42. The hollow box beam 4BCD in Figure P5.42 is
supported by a roller at point D and two links BE and
CE. Compute all reaction, draw the shear and moment
curves for the beam, and sketch the deflected shape of
the structure.
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P5.43. The two concentrated loads, supported on the 50 kips 50 kips

combined footing in Figure P5.43, produce a trapezoidal i 9 | P Y —
distribution of soil pressure. Construct the shear and i L} v
moment diagrams. Label all ordinates of the diagrams. A A

Sketch the deflected shape.

3a.15
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~19.85

-36-25
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P5.44. Classify the structures in Figure P5.44. Indicate whether stable or unstable. If stable, indicate whether
determinate or indeterminate. If indeterminate, give the degree.
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P5.45. Classify the structures in Figure P5.45. Indicate whether stable or unstable. If stable, indicate whether
determinate or indeterminate. If indeterminate, give the degree.
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P5.46. The comer panel of a typical floor of a warehouse is shown in Figure P5.46. It consists of a 10-in-thick
reinforced concrete slab supported on steel beams. The slab weighs 125 lb/ﬁ The weight of light fixtures and
utilities suspended from thg bottom of the slab is estimated to be 5 Ib/ ft*. The exterior beams Biand B2 support a 14-
ft-high masonry wall conséucted of lightweight, hollow concrete block that weighs 38 Ib/ f' We assume that the
tributary area for each beam is shown by the dashed lines in Figure P5.46, and the weight of the beams and their
fireproofing is estimated to be 80 Ib/ft. Draw the shear and moment diagrams produced by the total dead load for
beams Bi1 and B:.

PS5.46
BEAM 1 /N2'—7‘(IZE+EFBF)=9WLB/FT
W=14(38)+80 = 61218/
2000 00 A N N 2 1%—'

.ijk # ‘L ruz,sk

las*
-5k
0r—\' . 2 V
!_\—3Lk\__. —'ﬂ,gk

A0
] B rl WFT @IZLB/FI'
] A | l

7.5¢ ’ ' K
175

0 o v
-7.5¥

25.9 Pr’ L——
o /_\ o M

Page 5-46




—

P5.47. Computer analysis of a continuous beam. The
continuous beam in Figure P5.47 is constructed from a

W18 106 wide flange steel beam with 4 = 31.1 in*and [ =
1910 in* Determine the reactions, plot the shear and moment
diagrams and the deflected shape. Evaluate the deflections.
Neglect weight of beam. £ =29,000 ksi.

w = 18 kipg/ft

Reactions

« Joint Reactions

W B Joint Label Y (K MZ (k-
[ _ N3 0 118.008 -319.248
| ] N1 0 6.204 0
I N2 0 61.788 0
= Totals: 0 186 -319.248
Shear Diagram (kips)
44
6.2
il Y by . ~ il )
178 \\\J
-118
Moment Diagram (kip-ft)
744 19
-138.1
-319.2

Deflected Shape (Deflection at 24-kip loading point = 0.059 in.)

Page 5-47



PS5.48 Computer analysis. The legs and girder of the
rigid frame in Figure P5.48a are fabricated from a
W18x130 wide flange steel beam: 4 = 38.2 in®

and /= 2460 in* The frame is to be designed

for a uniform load of 4 kips/ft and a lateral wind load of
6 kips; £ = 29,000 kips/ in’*. The weight of the girder is
included in the 4 kips/ft.

(a) Compute the reactions; plot the deflected

shape and the shear and moment curves for the legs and
girder, using the computer program. (Set the number of
sections equal to 7 for all members.)

(b) To avoid ponding of rainwater on the roof,

the girder is to be fabricated with a camber equal to the

deflection at midspan of the roof girder produced by the ~
loads shown. Determine the camber (see Figure P5.485).
- unloaded frame
(b)
Joint Label XM . Y4 MZ [
25.385 71.75 i P3.48
N4 -31.385 B82.25 0
Totals: -6 160 L]
Deflected Shape (vertical deflection at girder midspan = 1.179 in.):
- 4t v
S AR ARAARRRAARARRRAAA R AARRRRARRRR AR
-
--_.\\
~ .
- N g 3
P
Shear Diagram (kips):
78
E 22
N
N
N
X i

3747

Vertical deflection at midspan of girder = 1.179 in. Round the camber to 1% in. for
practical applications.
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P5.49 Computer investigation of wind load on a building
frame.

Case 1: The columns and girders of the building frame in
Figure P5.49 have been designed initially for vertical load as
specified by the building code. Floor beams are connected to
columns by rigid joints. As part of the design, the building
frame must be checked for lateral deflection under the 0.8
kips/ft wind load to ensure that lateral displacement will not
damage the exterior walls attached to the structural frame. If
the code requires that the maximum lateral deflection at the
top of the roof not exceed 0.48 in. to prevent damage to the
exterior walls, is the building frame sufficiently stiff to
satisfy this requirement?

Case 2: If the bases of the columns at point A and F are
attached to the foundations by fixed supports instead of pin
connections, how much is the lateral deflection at joint D
reduced?

Case 3: If a pin connected diagonal bar with a 2 inch 2 inch
square cross section running from support 4 to joint E'is
added, determine the lateral deflection at joint D. Assume
pin supports at joints 4 and F.

For the columns / = 640 in*and 4 = 17.9 in®, for the girders /
=800 in*and 4 = 11.8 in®, and for the diagonal brace 4 = 4
in’. Use E =29,000 kips/in’.

P5.49

Case 1: Case 2:
Ap = 2.784 in. (frame is not stiff enough) Ap = 0.834 in. (frame is still not stiff enough)
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