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PREFACE 
 
 
This instructor's manual contains solutions to the problems in Chapters 1–10 of Steel 
Design, 5th Edition. Solutions are given for all problems in the Answers to Selected 
Problems section of the textbook, as well as most of the others. 
 
In general, intermediate results to be used in subsequent calculations were recorded to four 
significant figures, and final results were rounded to three significant figures. Students 
following these guidelines should be able to reproduce the numerical results given.  
However, the precision of the results could depend on the grouping of the computations 
and on whether intermediate values are retained in the calculator between steps. 
 
In many cases, there will be more than one acceptable solution to a design problem; 
therefore, the solutions given for design problems should be used only as a guide in 
grading homework. 
 
I would appreciate learning of any errors in the textbook or solutions manual that you may 
discover. You can contact me at wsegui@memphis.edu. A list of errors and corrections in 
the textbook will be maintained at http://www.ce.memphis.edu/segui/errata.html. 

 
 
 
 

                William T. Segui 
 August 15, 2011 



CHAPTER 1 - INTRODUCTION

1.5-1

(a) P  2067  1340 lb

f  P
A  1340

19.7  68. 02 psi f  68.0 psi

(b) Since E  f
 ,

  f
E  68.02

29,000,000  2. 35  10−6   2.35  10−6

1.5-2

(a) L  9/ sin45°  12. 73 ft

ΔL  L  8.9  10−4  12.73  12  0.136 in. ΔL  0.136 in.

(b) f  E  8.9  10−4  29,000  25. 81 ksi

P  fA  25.811.31  33. 8 kips P  33.8 kips

1.5-3

(a) A  d2

4  0.52

4  0.1963 in.2

f  P
A  5000

0.1963  25,470 psi

  ΔL
L  6.792  10−3

8  8. 49  10−4

E  f
  25,470

8.49  10−4  3.0  107 psi E  30,000 ksi

(b) Fu 
Pu
A  14,700

0.1963  74,900 psi Fu  74.9 ksi

[1-1]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



1.5-4

Spreadsheet results:

(a) (b)

Load Stress
(lb) (psi) microstrain

2,000 10,186 47
2,500 12,732 220
3,000 15,279 500
3,500 17,825 950
4,000 20,372 1,111
4,500 22,918 1,200
5,000 25,465 1,702

0

5,000

10,000

15,000

20,000

25,000

30,000

0.000000 0.000500 0.001000 0.001500 0.002000
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St
re

ss
 (p

si
)

(c) Slope  9,210,000 psi  modulus of elasticity
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1.5-5 (Note: These results are very approximate and depend on how the curves are
drawn.)

(a)
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(b) Fprop ≈ 47 ksi

(c) E ≈ 40/0.004  10,000 ksi

(d) Fy ≈ 52 ksi

(e) Fu ≈ 70 ksi

[1-3]
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(f) A  d2

4  0.52

4  0.1963 in.2

f  P
A  10

0.1963  50. 94 ksi

r ≈ 0.0015, r  rL  0.00158  0.012 in. r  0.012 in.

1.5-6

Spreadsheet results:

(a)

Load Elongation Stress
(kips) (in.) (ksi) Strain

0 0 0 0
1.0 0.0010 5.094 0.0005
2.0 0.0014 10.19 0.0007
2.5 0.0020 12.74 0.0010
3.5 0.0024 17.83 0.0012
5.0 0.0036 25.47 0.0018
6.0 0.0044 30.57 0.0022
7.0 0.0050 35.66 0.0025
8.0 0.0060 40.75 0.0030
9.0 0.0070 45.85 0.0035

10.0 0.0080 50.94 0.0040
11.5 0.0120 58.58 0.0060
12.0 0.0180 61.13 0.0090

(b)
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 (k

si
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(c) E ≈ 38
0.0028  13,600 ksi E ≈ 13,600 ksi

(d) Fpl ≈ 38 ksi

(e) Fy ≈ 60 ksi

1.5-7

Spreadsheet results:

(a)

 
Load 

 
Elongation x 103 

 
Stress 

 
Strain x 103 

(kips) ( in.) (ksi) (in./in .) 
0  0  0  0  

0.5  0.16  2.5 0.080  
1 0.352  5 0.176  

1.5  0.706  7.5 0.353  
2 1.012  10 0.506  

2.5  1.434  12.5 0.717  
3 1.712  15 0.856  

3.5  1.986  17.5 0.993  
4  2.286  20 1.143  

4.5  2.612  22.5 1.306  
5 2.938  25 1.469  

5.5  3.274  27.5 1.637  
6 3.632  30 1.816  

6.5  3.976  32.5 1.988  
7 4.386  35 2.193  

7.5  4.64  37.5 2.320  
8 4.988  40 2.494  

8.5  5.432  42.5 2.716  
9 5.862  45 2.931  

9.5  6.362  47.5 3.181  
10 7.304  50 3.652  

10.5  8.072  52.5 4.036  
11 9.044  55 4.522  

11.5  11.31  57.5 5.655  
12 14.12  60 7.060  

12.5  20.044  62.5 10.02  
13 29.106  65 14.55  
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(b)
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(c) Using the dashed line, E ≈ 56
5.6 − 2  10−3  15,600 ksi

E ≈ 16,000 ksi

(d) Fpl ≈ 42 ksi

(e) Fy ≈ 58 ksi

[1-6]
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CHAPTER 2 - CONCEPTS IN STRUCTURAL STEEL DESIGN

2-1

D  30.8 kips, L  1.7 kips, Lr  18.7 kips, S  19.7 kips

Combination 1: 1.4D  1.430.8  43. 12 kips

Combination 2: 1.2D  1.6L  0.5S  1.230.8  1.61.7  0.519.7

 49. 53 kips

Combination 3: 1.2D  1.6S  0.5L  1.230.8  1.619.7  0.51.7

 69. 33 kips

(a) Combination 3 controls. Pu  69.3 kips

(b) Since Pu ≤ cPn, cPn  69.3 kips

(c) Pn 
cPn
c

 69.33
0.90  77. 03 kips Pn  77.0 kips

(d) Combination 3 controls.

Pa  D  Lr or S or R  D  S  30.8  19.7  50. 5 kips Pa  50.5 kips

(e) Pa ≤ Pn
 , Pn  Pa  1.6750.5  84. 34 kips Pn  84.3 kips

2-2

D  26 kips, L  15 kips, Lr  5 kips, S  8 kips, R  5 kips, W  8 kips

Combination 1: 1.4D  1.426  36. 4 kips

Combination 2: 1.2D  1.6L  0.5S  1.226  1.615  0.58  59. 2 kips

Combination 3: 1.2D  1.6S  0.5L  1.226  1.68  0.515  51. 5 kips

Combination4: 1.2D  1.0W  0.5L  0.5S  1.226  1.08  0.515  0.58

 50.7 kips

(a) Combination 2 controls. Pu  59.2 kips

(b) Since Pu ≤ cPn, cPn  59.2 kips

[2-1]
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(c) Pn 
cPn
c

 59.2
0.90  65. 78 Pn  65.8 kips

(d) Combination 6a controls.

Pa  D  0.750.6W  0.75L  0.75S

 26  0.750.68  0.7515  0.758  46. 85 kips Pa  46.9 kips

(e) Pa ≤ Pn
 , Pn  Pa  1.6746.85  78. 24 kips Pn  78.2 kips

2-3

D  0.2 kips/ft, Lr  0.13 kips/ft, S  0.14 kips/ft

Combination 1: 1.4D  1.40.2  0.28 kips/ft

Combination 2: 1.2D  1.6L  0.5S  1.20.2  1.60  0.50.14

 0.31 kips/ft

Combination 3: 1.2D  1.6S  1.20.2  1.60.14  0.464 kips/ft

(a) Combination 3 controls. Pu  0.464 kips/ft

(b) Combination 3 controls: Pa  D  S  0.2  0.14  0.34 kips/ft

Pa  0.34 kips/ft

2-4

(a) LRFD

Roof:

D  30 psf, Lr  20 psf, S  21 psf, R  4
12 62.4  20.8 psf

Combination 1: 1.4D  1.430  42.0 psf

Combination 2: 1.2D  1.6L  0.5S  1.230  1.60  0.521  46. 5 psf

Combination 3: 1.2D  1.6S  1.230  1.621  69. 6 psf

Combination 3 controls. Pu  69.6 psf

[2-2]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Floor:

D  62 psf, L  80 psf

Combination 1: 1.4D  1.462  86. 8 psf

Combination 2: 1.2D  1.6L  1.262  1.680  202 psf

Combination 2 controls. Pu  202 psf

(b) ASD

Roof:

Combination 3 controls: D  S  30  21  51.0 psf Pa  51.0 psf

Floor:

Combination 2 controls: D  L  62  80  142.0 psf Pa  142 psf

2-5

D  13.3 kips, L  6.9 kips, Lr  1.3 kips, S  1.3 kips, W  150.6 kips,

E  161.1 kips

(a) LRFD

Combination 1: 1.4D  1.413.3  18. 62 kips

Combination 2: 1.2D  1.6L  0.5Lr  1.213.3  1.66.9  0.51.3

 27. 65 kips

Combination 3: 1.2D  1.6S  0.5W  1.213.3  1.61.3  0.5150.6

 93.34 kips

Combination 4: 1.2D  1.0W  0.5L  0.5Lr

 1.213.3  1.0150.6  0.56.9  0.51.3  170. 7 kips

Combination 5: 1.2D  1.0E  0.5L  0.2S

 1.213.3  1.0161.1  0.56.9  0.21.3  180. 8 kips

Combination 5 controls. Pu  181 kips

[2-3]
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(b) ASD

Combination 5 controls: D  0.6W or 0.7E  13.3  0.7161.1  126. 1 kips

Pa  126 kips

[2-4]
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CHAPTER 3 - TENSION MEMBERS

3.2-1

For yielding of the gross section,

Ag  73/8  2. 625 in.2, Pn  FyAg  362.625  94. 5 kips

For fracture of the net section,

Ae  3/8 7 − 1  1
8  2. 203 in.2

Pn  FuAe  582.203  127. 8 kips

a) The design strength based on yielding is

 tPn  0.9094.5  85. 05 kips

The design strength based on fracture is

tPn  0.75127.8  95. 85 kips

The design strength for LRFD is the smaller value: tPn  85.1 kips

b) The allowable strength based on yielding is

Pn
t

 94.5
1.67  56. 59 kips

The allowable strength based on fracture is

Pn
t

 127.8
2.00  63. 9 kips

The allowable service load is the smaller value: Pn/ t  56.6 kips

Alternate solution using allowable stress: For yielding,

Ft  0.6Fy  0.636  21. 6 ksi

and the allowable load is FtAg  21.62.625  56. 7 kips

[3-1]
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For fracture,

Ft  0.5Fu  0.558  29.0 ksi

and the allowable load is FtAe  29.02.203  63. 89  63. 89 kips

The allowable service load is the smaller value  56.7 kips

3.2-2

For A242 steel and t  ½ in., Fy  50 ksi and Fu  70 ksi. For yielding of the gross
section,

Ag  81/2  4 in.2

Pn  FyAg  504  200 kips

For fracture of the net section,

An  Ag − Aholes  4 − 1/2 1  1
8  2 holes  2.875 in.2

Ae  An  2.875 in.2

Pn  FuAe  702.875  201. 3 kips

a) The design strength based on yielding is

 tPn  0.90200  180 kips

The design strength based on fracture is

 tPn  0.75201.3  151 kips

The design strength for LRFD is the smaller value: tPn  151 kips

b) The allowable strength based on yielding is

Pn
t

 200
1.67  120 kips

The allowable strength based on fracture is

[3-2]
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Pn
t

 201.3
2.00  101 kips

The allowable service load is the smaller value: Pn/ t  101 kips

Alternate solution using allowable stress: For yielding,

Ft  0.6Fy  0.650  30 ksi

and the allowable load is

FtAg  304  120 kips

For fracture,

Ft  0.5Fu  0.570  35 ksi

and the allowable load is

FtAe  352.875  101 kips

The allowable service load is the smaller value  101 kips

3.2-3

Gross section: Pn  FyAg  508.81  440. 5 kips

Net section: Hole diameter  1  1
8  1 1

8 in.

An  Ag − 2tfdh  8.81 − 20.5011.125  7. 683 in.2

Ae  0.9An  0.97.683  6. 915 in.2

Pn  FuAe  656.915  449. 5 kips

a. Gross:  tPn  0.90440.5  396 kips

Net:  tPn  0.75449.5  337 kips

Net section controls: tPn  337 kips

b. Gross: Pn
t

 440.5
1.67  264 kips

[3-3]
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Net: Pn
t

 449.5
2.00  225 kips

Net section controls: Pn/ t  225 kips

3.2-4

For yielding of the gross section,

Ag  63/8  2. 25 in.2

Pn  FyAg  362.25  81.0 kips

For fracture of the net section,

Ae  Ag  2.25 in.2

Pn  FuAe  582.25  130. 5 kips

a) The design strength based on yielding is

 tPn  0.9081.0  72. 9 kips

The design strength based on fracture is

tPn  0.75130.5  97. 88 kips

The design strength for LRFD is the smaller value: tPn  72.9 kips

b) The allowable strength based on yielding is

Pn
t

 81.0
1.67  48. 5 kips

The allowable strength based on fracture is

Pn
t

 130.5
2.00  65. 25 kips

The allowable service load is the smaller value: Pn/ t  48.5 kips

Alternate solution using allowable stress: For yielding,

Ft  0.6Fy  0.636  21. 6 ksi

[3-4]
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and the allowable load is

FtAg  21.62.25  48. 6 kips

For fracture,

Ft  0.5Fu  0.558  29.0 ksi

and the allowable load is

FtAe  29.02.25  65. 25 kips

The allowable service load is the smaller value  48.6 kips

3.2-5

Gross section:

Ag  81/2  4.0 in.2, Pn  FyAg  364.0  144.0 kips

Net section: Hole diameter  1 1
8  1

8  1 1
4 in.

Ae  An  wnt  8 − 1.251/2  3. 375 in.2

Pn  FuAe  583.375  195.8 kips

a. Gross:  tPn  0.90144.0  130 kips

Net:  tPn  0.75195.8  147 kips

Gross section controls; tPn  130 kips

Factored load:

Pu  1.495  133 kips or

Pu  1.295  1.69  128 kips (133 kips controls)

Since 133 kips  130 kips, member does not have enough strength.

b. Gross: Pn
t

 144.0
1.67  86. 2 kips

[3-5]
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Net: Pn
t

 195.8
2.00  97. 9 kips

Gross section controls; Pn/ t  86.2 kips

Load:

Pa  D  L  95  9  104 kips

Since 104 kips  86.2 kips, member does not have enough strength.

3.2-6

Compute the strength for one angle, then double it. For the gross section,

Pn  FyAg  361.20  43. 2 kips

For two angles, Pn  243.2  86. 4 kips

Net section:

An  1.20 − 1
4

3
4  1

8  0.9813 in.2

Ae  0.85An  0.850.9813  0.8341 in.2

Pn  FuAe  580.8341  48. 38 kips

For two angles, Pn  248.38  96. 76 kips

a) The design strength based on yielding is

 tPn  0.9086.4  77. 76 kips

The design strength based on fracture is

tPn  0.7596.76  72. 57 kips

The design strength is the smaller value: tPn  72.6 kips

Pu  1.2D  1.6L  1.212  1.636  72.0 kips  72.6 kips (OK)

The member has enough strength.

[3-6]
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b) For the gross section, The allowable strength is

Pn
t

 86. 4
1.67  51. 74 kips

Alternately, the allowable stress is

Ft  0.6Fy  0.636  21. 6 ksi

and the allowable strength is FtAg  21.62  1.20  51. 84 kips

For the net section, the allowable strength is

Pn
t

 96.76
2.00  48. 38 kips

Alternately, the allowable stress is

Ft  0.5Fu  0.558  29 ksi

and the allowable strength is FtAe  292  0.8341  48. 38 kips

The net setion strength controls; the allowable strength is 48.4 kips. When the only
loads are dead load and live load, ASD load combination 2 will always control:

Pa  D  L  12  36  48 kips  48.4 kips (OK)

The member has enough strength.

3.2-7

Gross section:

Ag  3.37 in.2, Pn  FyAg  503.37  168. 5 kips

Net section: Hole diameter  7
8  1

8  1 in.

An  3.37 − 0.2221.0  2. 93 in.2

Ae  0.85An  0.852.93  2. 491 in.2

Pn  FuAe  652.491  161. 9 kips

[3-7]
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a. Gross:  tPn  0.90168.5  151. 7 kips

Net:  tPn  0.75161.9  121. 4 kips

Net section controls;  tPn  121.4 kips

Let Pu  tPn:

1.2D  1.6L  1.2D  1.63D  121.4 kips

D  20.23 kips, P  D  L  20.23  320.23  80. 9 kips

P  80.9 kips

b. Gross: Pn
t

 168.5
1.67  100. 9 kips

Net: Pn
t

 161.9
2.00  80. 95 kips

Gross section controls; Pn/ t  80.95 kips

Let Pa 
Pn
t

:

D  L  D  3D  80.95 kips

D  20.24 kips, P  D  L  20.24  320.24  81.0 kips

P  81.0 kips

3.3-1

(a) U  1 − x̄
ℓ  1 − 1.47

5  0.7060

Ae  AgU  5.900.7060  4. 165
in.2 Ae  4. 17 in.2

(b) Plate with longitudinal welds only:

ℓ
w  5

4  1. 25, U  0.75 in.2
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Ae  AgU  3
8  4 0.75  1. 125 in.2 Ae  1. 13 in.2

(c) U  1.0

Ae  AgU  5
8  5 1.0  3. 13 in.2 Ae  3.13 in.2

(d) U  1.0

Ag  0.55.5  2. 750 in.2

An  Ag − Aholes  2.750 − 1
2

3
4  1

8  2. 313 in.2

Ae  AnU  2.3131.0  2. 313 in.2 Ae  2.31 in.2

(e) U  1.0

Ag  5
8  6  3. 750 in.2

An  Ag − Aholes  3.750 − 5
8

7
8  1

8  3. 125 in.2

Ae  AnU  3.1251.0  3. 125in.2

Ae  3.13 in.2

3.3-2

Gross section:

Ag  8 1
2  4.0 in.2, Pn  FyAg  364.0  144.0 kips

Net section:

ℓ
w  12

8  1. 5 ∴ U  0.87

Ae  AgU  4.00.87  3. 48 in.2

Pn  FuAe  583.48  201. 8 kips

(a) Yielding:  tPn  0.90144.0  129. 6 kips
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Rupture: tPn  0.75201.8  151. 4 kips

Yielding controls: tPn  130 kips

(b) Yielding: Pn
t

 144.0
1.67  86. 23 kips

Rupture: Pn
t

 201.8
2.00  100. 9 kips

Yielding controls: Pn/ t  86.2 kips

3.3-3

An  Ag − tdh  3.88 − 4 1
4

7
8  1

8  2. 88 in.2

U  1 − x̄
ℓ  1 − 0.648

3  0.784

Ae  AgU  2.880.784  2. 258 in.2

Pn  FuAe  702.258  158. 1 kips Pn  158 kips

3.3-4

Gross section:

Ag  61/4  1. 5 in.2, Pn  FyAg  0361.5  54.0 kips

Net section:

Ae  Ag  1.5 in.2, Pn  FuAe  581.5  87.0 kips

(a) Yielding: tPn  0.9054.0  48. 6 kips

Rupture:  tPn  0.7587.0  65. 25 kips

Yielding controls: tPn  48.6 kips

(b) Yielding: Pn
t

 54.0
1.67  32. 34 kips
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Rupture: Pn
t

 87.0
2.00  43. 5 kips

Yielding controls: Pn/ t  32.3 kips

3.3-5

Net section: Hole diameter  7
8  1

8  1.0 in.

An  Ag − 4tfdh  13.3 − 40.5651.0  11. 04 in.2

a. From the properties of a WT8  22.5, x̄  1.86 in.

U  1 − x̄
ℓ  1 − 1.86

3  3  3  0.7933  0.9

Ae  AnU  11.040.7933  8. 758 in.2

Pn  FuAe  658.758  569 kips Pn  569 kips

b. Check with alternative U value.

bf
d  7.04

16.1  0.437  2
3 ∴ this shape does not qualify for U  0.9.

Since there are more than 3 bolts per line, U  0.85.

Ae  AnU  11.040.85  9. 384 in.2

Pn  FuAe  659.384  610 kips Pn  610 kips

3.3-6

Gross section: Pn  FyAg  506.08  304.0 kips

Net section:

An  Ag − twdh  6.08 − 30.282 7
8  1

8  5. 234 in.2

U  1 − x̄
ℓ  1 − 0.698

32.5  0.9069
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Ae  AnU  5.2340.9069  4. 747 in.2

Pn  FuAe  654.747  308. 6 kips

a) The design strength based on yielding is

 tPn  0.90304.0  273. 6 kips

The design strength based on fracture is

tPn  0.75308.6  231. 5 kips

The design strength is the smaller value: tPn  232 kips

Pu  1.2D  1.6L  1.260  1.6125  272 kips  232 kips (N.G.)

The member is not adequate.

b) For the gross section, The allowable strength is

Pn
t

 304.0
1.67  182.0 kips

Alternately, the allowable stress is

Ft  0.6Fy  0.650  30.0 ksi

and the allowable strength is FtAg  306.08  182. 4 kips

For the net section, the allowable strength is Pn
t

 308.6
2.00  154. 3 kips

Alternately, the allowable stress is Ft  0.5Fu  0.565  32. 5 ksi

and the allowable strength is FtAe  32.54. 747  154. 3 kips

The net setion strength controls; the allowable strength is 154 kips. When the only
loads are dead load and live load, ASD load combination 2 will always control:

Pa  D  L  60  125  185 kips  154 kips (N.G.)

The member is not adequate.
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3.3-7

Gross section: Ag  2  1.69  3. 38 in.2

Pn  FyAg  363.38  121. 7 kips

Net section:

U  1 − x̄
ℓ  1 − 0.725

8  0.9094  0.9 ∴ use U  0.9

Ae  AgU  3.380.9  3. 042 in.2

Pn  FuAe  583.042  176. 4 kips

(a) Gross:  tPn  0.90121.7  110 kips

Net:  tPn  0.75176.4  132 kips Gross section controls:

tPn  110 kips

(b) Gross: Pn
t

 121.7
1.67  72.9 kips

Net: Pn
t

 176.4
2.00  88. 2 kips Gross section controls:

Pn/ t  72.9 kips

3.3-8

For A242 steel, Fy  50 ksi and Fu  70 ksi (based on flange thickness)

For yielding of the gross section,

Pn  FyAg  504.79  239. 5 kips

For fracture of the net section,

An  Ag − Aholes  4.79 − 1
2

3
4  1

8  4. 353 in.2

From AISC Table D3.1, Case 8, U  0.80
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Ae  AnU  4.3530.80  3. 482 in.2

Pn  FeAe  703.482  243. 7 kips

a) The design strength based on yielding is

 tPn  0.90239.5  215. 6 kips

The design strength based on fracture is

tPn  0.75243.7  182. 8 kips

The design strength is the smaller value: tPn  182.8 kips

Let Pu  tPn

1.2D  1.62D  182.8, Solution is: D  41. 55

P  D  L  41.55  241.55  124. 7 kips P  125 kips

b) The allowable strength based on yielding is

Pn
t

 239.5
1.67  143. 4 kips

The allowable strength based on fracture is

Pn
t

 243.7
2.00  121. 9 kips

The allowable load is the smaller value  121.9 kips P  122 kips

Alternate computation of allowable load using allowable stress: For yielding,

Ft  0.6Fy  0.650  30.0 ksi

and the allowable load is FtAg  30.04.79  143. 7 kips

For fracture, Ft  0.5Fu  0.570  35 ksi

and the allowable load is

FtAe  353.482  121. 9 kips∴ P  122 kips
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3.4-1

a. Gross section: Pn  FyAg  365/8  12  270 kips Pn  270 kips

b. Net section: Hole diameter  3
4  1

8  7
8 in.

Possibilities for net width:

wn  12 − 27/8  10. 25 in.

wn  12 − 37/8  52

44 2  12. 5 in.

wn  12 − 37/8  32

44 2  11
9  12. 83 in.

wn  12 − 27/8  52

44  11
10  12. 99 in

wn  12 − 37/8  32

44 
52

44  11
10  12. 65 in

The effective net area is

Ae  An  twn  5/810.25  6. 406 in.2

Pn  FuAe  586.406  372 kips Pn  372 kips

3.4-2

Gross section: Pn  FyAg  365/8  10  225.0 kips

Net section: Hole diameter  7
8  1

8  1.0 in.

Possibilities for net width:

wn  10 − 1.0  9.0 in.

wn  10 − 31.0  32

43 2  8. 5 in.

wn  10 − 21.0  7
6  9. 333 in.
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wn  10 − 31.0  7
4  12. 25 in

The effective net area is

Ae  An  twn  5/88.5  5. 313 in.2

Pn  FuAe  585.313  308. 2 kips

a) The design strength based on yielding is  tPn  0.90225.0  202. 5 kips

The design strength based on fracture is  tPn  0.75308.2  231. 2 kips

The design strength is the smaller value: tPn  203 kips

b) The allowable strength based on yielding is

Pn
t

 225.0
1.67  134. 7 kips

The allowable strength based on fracture is

Pn
t

 308. 2
2.00  154. 1 kips

The allowable load is the smaller value : Pn
t

 135 kips

Alternate computation of allowable load using allowable stress: For yielding,

Ft  0.6Fy  0.636  21. 6 ksi

and the allowable load is

FtAg  21.610  5/8  135.0 kips

For fracture,

Ft  0.5Fu  0.558  29.0 ksi

and the allowable load is

FtAe  29.05.313  154. 1 kips∴ P  135 kips
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3.4-3

Gross section: Pn  FyAg  507.02  351.0 kips

Net section: Hole diameter  3
4  1

8  7
8 in.

An  7.02 − 27/80.400  6. 320 in.2

or 7.02 − 37/80.400  7
5  8. 358 in2

or 7.02 − 0.47/8 − 0.400 7
8 −

2.52

42.5  2  6. 47 in.2

or 7.02 − 20.47/8 − 0.400 7
8 −

2.52

42.5  7
6  7.256 in.2

Use An  6.320 in.2

U  1 − x̄
ℓ  1 − 0.981

5.5  0.8216

The effective net area is

Ae  AnU  6.3200.8216  5. 193 in.2

Pn  FuAe  655.193  337.6 kips

a. Gross:  tPn  0.90351.0  316 kips

Net:  tPn  0.75337.6  253 kips

Net section controls: tPn  253 kips

b. Gross: Pn
t

 351.0
1.67  210 kips

Net: Pn
t

 337.6
2.00  169 kips Net section controls:

Pn/ t  169 kips
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3.4-4

(a) Gross section: Pn  FyAg  5011.8  590 kips

(b) Net section: Hole diameter  3
4  1

8  7
8 in.

An  11.8 − 0.3057/82  11. 27 in.2

or 11.8 − 0.3057/8 − 0.305 7
8 −

32

43

− 0.3057/8 − 0.305 7
8 −

32

43  11. 19 in.2

Use An  11.19 in.2

x̄  tPL 
tw
2  3

8  0.305
2  0.5275 in.

U  1 − x̄
ℓ  1 − 0.5275

3.5  3  0.9188

Ae  AnU  11.190.9188  10. 28 in.2

Pn  FuAe  6510.28  668 kips Pn  668 kips

3.4-5

Gross section: Pn  FyAg  362.89  104.0 kips

Net section: Hole diameter  3
4  1

8  7
8 in.

An  2.89 − 27/85/16  2. 343 in.2

or use s  1.5 in., g  2.25  2 − 5
16  3. 938 in. and

An  2.89 − 5/167/8 − 5/16 7
8 −

1.52

43.938 − 5/167/8

 2. 114 in.2(controls)

The effective net area is
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Ae  An  2.114 in.2

Pn  FuAe  582.114  122. 6 kips

a. Gross:  tPn  0.90104.0  93. 6 kips

Net:  tPn  0.75122.6  92.0 kips

Net section controls;  tPn  92.0 kips

Factored load:

Pu  1.231  1.631  86. 8 kips

Since 86.8 kips  92.0 kips, member is adequate.

b. Gross: Pn
t

 104.0
1.67  62.3 kips

Net: Pn
t

 122.6
2.00  61. 3 kips

Net section controls; Pn/ t  61.3 kips

Load:

Pa  D  L  31  31  62 kips

Since 62 kips  61.3 kips, member is not adequate.

3.4-6

Compute the strength of one channel and double it.

Gross section:

Pn  FyAg  505.87  293. 5 kips for one channel.

Net section: Hole diameter  1
2  1

8  5
8 in.

An  5.87 − 0.3795/8  5. 633 in.2
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or 5.87 − 0.3795/8 − 0.379 5
8 −

42

45  5.699 in.2

Use An  5.633 in.2

U  1 − x̄
ℓ  1 − 0.606

4  4  0.9621

The effective net area is

Ae  AnU  5.6330.9621  5. 420 in.2

Pn  FuAe  655.420  352. 3 kips for one channel

(a) Gross:  tPn  0.90293.5  264. 2 kips

Net:  tPn  0.75352.3  264. 2 kips

For two channels,  tPn  264.22  528. 4 kips

Let Pu  tPn:

1.2D  1.6L  1.2D  1.63D  528.4 kips

D  88.07 kips, P  D  L  88.07  388.07  352. 3 kips

P  352 kips

(b) Gross: Pn
t

 293.5
1.67  175. 7 kips

Net: Pn
t

 352. 3
2.00  176. 2 kips

Gross section controls. For two channels, Pn / t  175.72  351. 4 kips

Let Pa 
Pn
t

:

D  L  D  3D  351.4 kips

P  351 kips
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3.5-1

the shear areas are

Agv  3/87.5  2  5. 625 in.2

and, since there are 2.5 hole diameters in each line of bolts,

Anv  3/87.5 − 2.53/4  1/8  2  3. 984 in.2

The tension area is

Ant  3/82.5 − 17/8  0.6094 in.2

Fy  50 ksi, Fu  70 ksi

Rn  0.6FuAnv  UbsFuAnt  0.6703.984  1.0700.6094  210 kips

Check upper limit:

0.6FyAgv  UbsFuAnt  0.6505.625  1.0700.6094

 211 kips  210 kips

Rn  210 kips

3.5-2

The shear areas are Agv  5
8 72  8. 75 in.2  Anv

The tension area is Ant  Agt  5
8 6  3. 75 in.2

Fy  36 ksi, Fu  58 ksi

Rn  0.6FuAnv  UbsFuAnt  0.6588.75  1.0583.75  522 kips

Check upper limit:

0.6FyAgv  UbsFuAnt  0.6368.75  1.0583.75  407 kips  522 kips

Rn  407 kips
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3.5-3

the shear areas are

Agv  0.25013.5  3. 375 in.2

and, since there are 4.5 hole diameters,

Anv  0.25013.5 − 4.57/8  1/8  2. 25 in.2

The tension areas are

Agt  0.257.85 − 4.5  0.8375 in.2

Ant  0.257.85 − 4.5 − 0.51.0  0.7125 in.2

Fy  50 ksi, Fu  65 ksi

Rn  0.6FuAnv  UbsFuAnt  0.6652.25  1.0650.7125  134 kips

Check upper limit:

0.6FyAgv  UbsFuAnt  0.6503.375  1.0650.7125

 148 kips  134 kips

Rn  134 kips

3.5-4

The shear areas are Agv  1
2 7.52  7. 5 in.2  Anv

The tension area is Ant  Agt  1
2 6  3.0 in.2

Fy  36 ksi, Fu  58 ksi

Rn  0.6FuAnv  UbsFuAnt  0.6587.5  1.0583.0  435.0 kips

Check upper limit:
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0.6FyAgv  UbsFuAnt  0.6367.5  1.0583.0  336.0 kips  435 kips

∴ Rn  336 kips

(a) LRFD: Rn  0.75336  252 kips

(b) ASD: Rn/  336/2.0  168 kips

3.5-5

(a)

1½"3"3"

3"

The shear areas are

Agv  0.2107.52  3. 15 in.2

and since there are 2.5 hole diameters,

Anv  0.2107.5 − 2.57/82  2. 231 in.2

The tension areas are

Agt  0.2103  0.63 in.2, Ant  0.2103 − 1.07/8  0.4463 in.2

Fy  36 ksi, Fu  58 ksi

Rn  0.6FuAnv  UbsFuAnt  0.6582.231  1.0580.4463  103. 5 kips
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Check upper limit:

0.6FyAgv  UbsFuAnt  0.6363.15  1.0580.4463

 93. 92 kips  103.5 kips

LRFD: Rn  0.7593.92  70.4 kips

ASD: Rn/  93.92/2.00  47.0 kips

(b)

3"3"

3"

1½"

The spacings and edge distance are the same as in Part a, but the thickness is different.
The shear areas are

Agv  3/87.52  5. 625 in.2

and, since there are 2.5 hole diameters,

Anv  3/87.5 − 2.57/82  3. 984 in.2

The tension areas are

Agt  3/83  1. 125 in.2, Ant  3/83 − 1.07/8  0.7969 in.2

Fy  36 ksi, Fu  58 ksi

Rn  0.6FuAnv  UbsFuAnt  0.6583.984  1.0580.7969  184.9 kips
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Check upper limit:

0.6FyAgv  UbsFuAnt  0.6365.625  1.0580.7969

 167. 7 kips  184.9 kips

LRFD: Rn  0.75167.7  126 kips

ASD: Rn/  167.7/2.00  83. 8 kips

3.5-6

Find the strength of one channel and double it. Ag  5.51 in.2, tw  0.487 in.

Gross section:

 tPn  0.9FyAg  0.9505.51  248. 0 kips; 248.0  2  496 kips

Net section: Hole diameter  7
8  1

8  1 in.

An  5.51 − 21.00.487  4. 536 in.2

U  1 − x̄
ℓ  1 − 0.565

6  0.9058

The effective net area is

Ae  AnU  4.5360.9058  4. 109 in.2

tPn  0.75FuAe  0.75654.109  200. 3 kips; 200.3  2  401 kips

Check block shear. The gusset plate controls; its thickness is 3/8 in., whereas the
channels have a total thickness of 20.487  0.974 inch. Also, the gusset plate is of a
lower strength steel, and its shear length is larger.

The shear areas are

Agv  3/892  6. 75 in.2

and, since there are 2.5 hole diameters,

Anv  3/89 − 2.51.02  4. 875 in.2
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The tension area is

Ant  3/84 − 1.0  1. 125 in.2

Fy  36 ksi, Fu  58 ksi

Rn  0.750.6FuAnv  UbsFuAnt   0.750.6584.875  1.0581.125

 176 kips

Check upper limit:

0.750.6FyAgv  UbsFuAnt   0.750.6366.75  1.0581.125

 158 kips  176 kips

The upper limit controls; Rn  158 kips

Block shear controls. Rn  158 kips

3.6-1

(a) Pu  1.2D  1.6L  1.250  1.6100  220.0 kips

or Pu  1.2D  1.0W  0.5L  1.250  1.045  0.5100  155.0 kips

Use Pu  220 kips.

Required Ag 
Pu

0.9Fy
 220

0.936  6. 79 in.2

Required Ae 
Pu

0.75Fu
 220

0.7558  5. 06 in.2

Required rmin  L
300  20  12

300  0.80 in.

Try L8  6  9/16

Ag  7.61 in.2  6.79 in.2 (OK) rmin  rz  1.30 in.  0.80 in. (OK)

An  7.61 − 21.1259/16  6. 344 in.2

From Case 8 in AISC Table D3.1, use U  0.80
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Ae  AnU  6.3440.80  5. 075 in.2  5.06 in.2 (OK) Use L8  6  9
16

(b) Pa  D  L  50  100  150 kips

or D  0.75L  0.750.6W  50  0.75100  0.750.645  145. 3 kips

Use Pa  150 kips

Required Ag 
Pa
Ft

 Pa
0.6Fy

 150
0.636  6. 94 in.2

Required Ae 
Pa

0.5Fu
 150

0.558  5. 17 in.2

Required rmin  L
300  2012

300  0.8 in.

Try L8  8  1/2

Ag  7.84 in.2  6.94 in.2 (OK)

rmin  rz  1.59 in.  0.8 in. (OK)

An  7.84 − 21.1251/2  6. 715 in.2

Ae  AnU  6.7150.80  5. 37 in.2  5.17 in.2 (OK)

Use an L8  8 ½

3.6-2

(a) Pu  1.2D  1.6L  1.220  1.660  120.0 kips

Required Ag 
Pu

0.9Fy
 120

0.936  3. 70 in.2

Required Ae 
Pu

0.75Fu
 120

0.7558  2. 76 in.2

Required rmin  L
300  15  12

300  0.6 in.

Try 2L5  3 1
2  1

4 , long legs back-to-back:
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Ag  2.07  2  4. 14 in.2  3.70 in.2 (OK)

rx  0.853 in., ry  1.43 in., ∴ rmin  0.853 in.  0.6 in. (OK)

An  4.14 − 1.01/4  3. 89 in.2

From Case 8 in AISC Table D3.1, use U  0.80.

Ae  AnU  3.890.80  3. 11 in.2  2.76 in.2 (OK)

2L5  3 1
2  1

4 LLBB

(b) Pa  D  L  20  60  80 kips

Required Ag 
Pa
Ft

 Pa
0.6Fy

 80
0.636  3. 70 in.2

Required Ae 
Pa

0.5Fu
 80

0.558  2. 76 in.2

Required rmin  L
300  1512

300  0.6 in.

Try 2L5  3 1
2  1

4 , long legs back-to-back:

Ag  2.07  2  4. 14 in.2  3.70 in.2 (OK)

rx  0.853 in., ry  1.43 in., ∴ rmin  0.853 in.  0.6 in. (OK)

An  4.14 − 1.01/4  3. 89 in.2

From Case 8 in AISC Table D3.1, use U  0.80.

Ae  AnU  3.890.80  3. 11 in.2  2.76 in.2 (OK)

2L5  3 1
2  1

4 LLBB

3.6-3

(a) Pu  1.2D  1.6L  0.5S  1.238  1.6115  0.575  267. 1 kips

Required Ag 
Pu

0.9Fy
 267.1

0.950  5. 94 in.2

[3-28]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Required Ae 
Pu

0.75Fu
 267.1

0.7565  5. 48 in.2

Required rmin  L
300  20  12

300  0.80 in.

Try ST10  33

Ag  9.70 in.2  5.94 in.2 (OK) rmin  1.19 in.  0.80 in. (OK)

An  9.70 − 27/80.795  8. 299 in.2

Use Case 7 of AISC Table D3.1 to determine U.

bf  6.26  2/3d  2/320.0  13. 33 (d is for an S20  66)

Use U  0.85

Ae  AnU  8.2990.85  7. 05 in.2  5.48 in.2 (OK)

Check an ST9  27.35.

Ag  8.02 in.2  5.94 in.2 (OK) rmin  1.00 in.  0.80 in. (OK)

An  8.02 − 27/80.691  6. 811 in.2

Use Case 7 of AISC Table D3.1 to determine U.

bf  6.00  2/3d  2/318 (d is for an S18  54.7)

Use U  0.85

Ae  AnU  6.8110.85  5. 79 in.2  5.48 in.2 (OK) Use an ST9  27.35

(b) Pa  D  L  38  115  153 kips

or D  0.75L  0.75S  38  0.75115  0.7575  180. 5 kips

Use Pa  180.5 kips

Required Ag 
Pa
Ft

 Pa
0.6Fy

 180.5
0.650  6. 02 in.2

Required Ae 
Pa

0.5Fu
 180.5

0.565  5. 55 in.2
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Required rmin  L
300  2012

300  0.8 in.

Try an ST9  27.35.

Ag  8.02 in.2  6.02 in.2 (OK) rmin  1.00 in.  0.80 in. (OK)

An  8.02 − 27/80.691  6. 811 in.2

Use Case 7 of AISC Table D3.1 to determine U.

bf  6.00  2/3d  2/318 (d is for an S18  54.7)

Use U  0.85

Ae  AnU  6.8110.85  5. 79 in.2  5.55 in.2 (OK) Use an ST9  27.35

3.6-4

(a) D
L  216

25  8. 64  8 ∴ load combination 1 controls.

Pu  1.4D  1.4216  302. 4 kips

Required Ag 
Pu

0.9Fy
 302.4

0.936  9. 33 in.2

Required Ae 
Pu

0.75Fu
 302.4

0.7558  6. 95 in.2

Required rmin  L
300  22  12

300  0.88 in.

Try S12  40.8

Ag  11.9 in.2  9.33 in.2 (OK) rmin  1.06 in.  0.88 in. (OK)

An  11.9 − 210.462  10. 98 in.2

Use U  0.70 (Case 7, AISC Table D3.1)

Ae  AnU  10.980.70  7. 69 in.2  6.95 in.2 (OK) Use S12  40.8
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(b) Pa  D  L  216  25  241.0 kips

Required Ag 
Pa
Ft

 Pa
0.6Fy

 241
0.636  11.2 in.2

Required Ae 
Pa

0.5Fu
 241

0.558  8. 31 in.2

Required rmin  L
300  2212

300  0.88 in.

Try S15  50

Ag  14.6 in.2  11.2 in.2 (OK) rmin  1.03 in.  0.88 in. (OK)

An  14.6 − 210.550  13. 5 in.2

Use U  0.70 (Case 7, AISC Table D3.1)

Ae  AnU  13.50.70  9. 45 in.2  8.31 in.2 (OK) Use S15  50

3.6-5

(a) Pu  1.2D  1.6L  1.210  1.625  52.0 kips

Required Ag 
Pu

0.9Fy
 52.0

0.935  1. 65 in.2

Required Ae 
Pu

0.75Fu
 52.0

0.7560  1. 16 in.2

Required rmin  L
300  8  12

300  0.32 in.

Try Pipe 3 Std.

Ag  2.07 in.2  1.65 in.2 (OK) rmin  1.17 in.  0.32 in. (OK)

Ae  Ag  2.07 in.2  1.16 in.2 (OK) Use Pipe 3 Std.

(b) Pa  D  L  10  25  35 kips

Required Ag 
Pa
Ft

 Pa
0.6Fy

 35
0.635  1. 67 in.2

[3-31]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Required Ae 
Pa

0.5Fu
 35

0.560  1. 17 in.2

Required rmin  L
300  812

300  0.32 in.

Try Pipe 3 Std.

Ag  2.07 in.2  1.67 in.2 (OK) rmin  1.17 in.  0.32 in. (OK)

Ae  Ag  2.07 in.2  1.17 in.2 (OK) Use Pipe 3 Std.

3.6-6

Pu  1.2D  1.6L  1.254  1.680  192. 8 kips

or Pu  1.2D  1.0W  0.5L  1.254  1.075  0.580  179. 8 kips

Use Pu  192.8 kips

Required Ag 
Pu

0.90Fy
 192.8

0.9050  4. 28 in.2

Required Ae 
Pu

0.75Fu
 192.8

0.7565  3. 96 in.2

Required rmin  L
300  17.5  12

300  0.7 in.

Try C10  20:

Ag  5.87 in.2  4.28 in.2 (OK)

rmin  ry  0.690 in.  0.7 in. (say OK)

Ae  AgU  5.870.85  4. 99 in.2  3.96 in.2 (OK)

Compute U with Equation 3.1.

U  1 − x̄
ℓ  1 − 0.606

9  0.9327

The next lighter shape that meets slenderness requirements is a C10  15.3 with

Ag  4.48 in.2, rmin  0.711 in., and x̄  0.634 in.
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From Equation 3.1,

U  1 − x̄
ℓ  1 − 0.634

9  0.9296

Ae  AgU  4.480.9296  4. 16 in.2  3.96 in.2 (OK)

Use a C10  15.3

3.7-1

(a) LRFD: Load combination 1 controls: Pu  1.443  60. 2 kips

Required Ab 
Pu

0.750.75Fu
 60.2

0.750.7558  1. 845 in.2

Let d2

4  1.845, d  1. 53 in.

Required d  1.53 in. Use 15/8 in.

(b) ASD: Load combination 2 controls: Pa  D  L  43  4  47 kips

Ft  0.375Fu  0.37558  21. 75 ksi

Required Ab 
Pa
Ft

 47
21.75  2. 161 in.2

Let d2

4  2.161, d  1. 66 in.

Required d  1.66 in. Use d  1¾ in.

3.7-2

(a) Dead load  beam weight  0.036 kips/ft

wu  1.2wD  1.6wL  1.20.036  0.0432 kips/ft

Pu  1.2PD  1.6PL  1.630  48.0 kips

Because of symmetry, the tension is the same in both rods.
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Tu  1
2 0.043230  48  24. 65 kips

Required Area  Ab 
Tu

0.750.75Fu
 24.65

0.750.7558  0.7556 in.2

From Ab  d2

4 , required d  40.7556
  0.981 in.

Required d  0.981 in., use d  1 in.

(b) Maximum force in rod occurs when live load is at A or D. The entire live load is
taken by one rod.

Tu 
0.043230

2  48  48. 65 kips

Required Ab 
Tu

0.750.75Fu
 48.65

0.750.7558  1. 491 in.2

Let d2

4  1.491 , d  1. 38 in., Required d  1.38 in., use d  1 7
16 in.

3.7-3

(a) Dead load  beam weight  0.036 kips/ft

Because of symmetry, the tension is the same in both rods.

Ta  1
2 0.03630  30  15. 54 kips

Ft  0.375Fu  0.37558  21. 75 ksi

Required Ab 
Ta
Ft

 15.54
21.75  0.7145 in.2

Let d2

4  0.7145, d  0.954 in.

Required d  0.954 in., use d  1 in.

(b) Maximum force in rod occurs when live load is a A or D. Entire live load is taken
by one rod.
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Ta 
0.03630

2  30  30. 54 kips

Required Ab 
Ta
Ft

 30.54
21.75  1. 404 in.2

Let d2

4  1.404 , d  1. 34 in.

Required d  1.34 in., use d  13/8 in.

3.7-4

All members are pin-connected, and all loads are applied at the joints; therefore, all
members are two-force members (either tension members or compression members).
Load combination 4 controls.

1.0W  1.010  10 kips

Slope of brace  20/35. Angle with horizontal  tan−120/35  29.74°

Equilibrium at joint C:

∑Fx  10 − Tu cos29.74°  0  Tu  11.52 kips

Required Ab 
Tu

0.750.75Fu
 11.52

0.750.7558  0.3531 in.2

Let d2

4  0.3531, d  0.670 in.

Required d  0.670 in., use d  11/16 in.

3.7-5

(a) LRFD: Pu  1.2D  1.6L  1.630  48.0 kips

Slope of member AB  tan−19/15  30.96°. Equilibrium of member CB:
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∑MC  4815 − Tu sin30.96°15  0  Tu  93.31 kips

Required Ab 
Tu

0.750.75Fu
 93.31

0.750.7558  2. 86 in.2

Let d2

4  2.86, d  1.91 in.

Required d  1.91 in. Use 2 in.

(b) ASD: Pa  D  L  30 kips

Slope of member AB  tan−19/15  30.96°. Equilibrium of member CB:

∑MC  3015 − Ta sin30.96°15  0, Ta  58.32 kips

Ft  0.375Fu  0.37558  21. 75 ksi

Required Ab 
Ta
Ft

 58.32
21.75  2. 681 in.2

Let d2

4  2.681, d  1.85 in. Required d  1.85 in. Use 17/8 in.

3.7-6

From Part 1 of the Manual, pipe weight  28.6 lb/ft

Water weight  7.982/4
144 62.4  21. 67 lb/ft

Total  28.6  21.67  50. 27 lb/ft

Load at each support  50.2712  603. 2 lb, Load on rod  603.2
2  301. 6 lb
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T T

603.2 lb

lb 6.301

02.6032





T

TFy

(a) LRFD

Tu  1.4D  1.4301.6  422. 2 lb  0.4222 kips

Required Ag 
Tu

t0.75Fu
 0.4222

0.750.7558  0.01294 in.2

Let d2

4  0.01294, d  40.01294
  0.128 in.

Required d  0.128 in., Use 5
8 in. minimum

(b) ASD

Ta  301.6 kips

Ft  0.375Fu  0.37558  21. 75 ksi

Required Ab 
Ta
Ft

 0.3016
21.75  1. 387  10−2 in.2

Let d2

4  0.01387, d  0.133 in.

Required d  0.133 in. Use 5/8 in.minimum

3.8-1

Interior joint load:

30

30.153
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Snow: 201015  3000 lb

Roofing: 121030.15/3015  1809 lb

Purlins: 8.515  127. 5 lb

Truss weight: 1000/3  333. 3 lb

(The assumption that the truss weight is distributed equally to the joints is approximate
but is consistent with the approximate nature of the estimate of total truss weight.)

(a) Load combination 3 controls:

1.2D  1.6S  1.21.809  0.1275  0.3333  1.63.0  7. 524 kips

Exterior joint load. Use half of the above loads except for the purlin weight, which is
the same:

1.2D  1.6S  1.2 1.809
2  0.1275  0.3333

2  1.6 3.0
2  3. 838 kips

∑MA  7.52410  7.52420  3.83830 − RBx3  0

RBx  113.6 kips ←

Equilibrium of joint B:

∑Fx  −113.6  30
30.15 FBC  0  FBC  114.2 kips

Required Ag 
FBC

0.9Fy
 114.2

0.950  2. 54 in.2

Required Ae 
FBC

0.75Fu
 114.2

0.7565  2. 34 in.2

L  10 30.15
30  10. 05 ft

Required rmin  L
300  10.05  12

300  0.402 in.

Try WT5  11

Ag  3.24 in.2  2.54 in.2 (OK) rmin  1.33 in.  0.402 in. (OK)

U  1 − x̄
ℓ  1 − 1.07

12  0.9108
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Ae  AgU  3.240.9027  2. 92 in.2  2.34 in.2 (OK)

Try WT5  9.5

Ag  2.81 in.2  2.54 in.2 (OK) rmin  0.874 in.  0.402 in. (OK)

U  1 − x̄
ℓ  1 − 1.28

12  0.8933

Ae  AgU  2.810.8933  2. 51 in.2  2.34in.2 (OK)

Try WT4  9

Ag  2.63 in.2  2.54 in.2 (OK) rmin  1.14 in.  0.402 in. (OK)

U  1 − x̄
ℓ  1 − 0.834

12  0.9305

Ae  AgU  2.630.9305  2. 45 in.2  2.34in.2 (OK) Use WT4  9

(b) Load combination 2 controls:

D  S  1.809  0.1275  0.3333  3.0  5. 270 kips

Exterior joint load: use half of the above loads except for the purlin weight, which is
the same:

D  S  1.809
2  0.1275  0.3333

2  3.0
2  2. 699 kips

For a free-body diagram of the entire truss,

∑MA  5.27010  5.27020  2.69930 − RBx3  0

RBx  79.69 kips ←

For a free body of joint B:

∑Fx  −79.69  30
30.15 FBC  0, FBC  80.09 kips

Required Ag 
FBC

0.6Fy
 80.09

0.650  2. 67 in.2

Required Ae 
FBC

0.5Fu
 80.09

0.565  2. 46 in.2
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Required rmin  L
300  10.05  12

300  0.402 in.

Try WT5  9.5

Ag  2.81 in.2  2.67 in.2 (OK) rmin  0.874 in.  0.402 in. (OK)

U  1 − x̄
ℓ  1 − 1.28

12  0.8933

Ae  AgU  2.810.8933  2. 51 in.2  2.46in.2 (OK) Use WT5  9.5

3.8-2

The diagonal web members are the tension members, and member AL has the largest
force.

Using the method of sections and considering the force in member AL to act at L,

∑MG  45FAL sin45° − 845  36  27  18  9  0

FAL  33.94 kips

Required Ag 
FAL

0.6Fy
 33.94

0.636  1. 57 in.2

Required Ae 
FAL

0.75Fu
 33.94

0.558  1. 17 in.2

L  92  92  12. 73 ft

Required rmin  L
300  12.73  12

300  0.509 in.

Try L3 1
2  3  1

4

Ag  1.58 in.2  1.57 in.2 (OK) rmin  0.628 in.  0.509 in. (OK)

An  Ag  1.58 in.2

Ae  AnU  1.580.85  1. 34 in.2  1.17 in.2 (OK)

Use L3 1
2  3  1

4 for member AL
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This shape can be used for all of the web tension members. Although each member
could be a different size, this would not usually be practical.

3.8-3

Use load combination 3: 1.2D  1.6S.

Tributary surface area per joint 18 92  9/62  164. 2 ft2

Roofing: 1.28164.2  1576 lb

Snow: 1.6209  18  5184 lb

Purlin weight: 1.233  18  713 lb

Truss weight: 1.25000/12  500 lb

Interior joint: 1576  5184  500  713  7973 lb  7.97 kips

At peak: 1576  5184  500  2713  8686 lb  8.69 kips

Load  8.69 kips at peak, 7.97 kips elsewhere

3.8-4

Dead load per truss  4  12  340.79  230  58030  5. 85  104 lb

Snow load per truss  208030  48,000 lb

D  58500/8  7313 lb, S  48,000/8  6000 lb

Load combination 3 controls:

Factored joint load  1.2D  1.6S  1.27.313  1.66  18. 38 kips

Bottom chord: Member FE (member adjacent to the support) has the largest tension
force.
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Use a free body of joint E (at right support):

R  Reaction at right support  718.38/2  64. 33 kips

∑Fy  64.33 − 8
40.79 FDE  0, FDE  328.0 kips

∑Fx  328.0 40
40.79 − FFE  0, FFE  321.6 kips

Required Ag 
FFE

0.9Fy
 321.6

0.936  9. 93 in.2

Required Ae 
FFE

0.75Fu
 321.6

0.7558  7. 39 in.2

Required An 
Required Ae

U  7.393
0.80  9. 24 in.2

rmin  L
300  1012

300  0.4 in.

(The required Ag of 9.93 in.2 will satisfy both area requirements)

Try 2L 6  6  7
16

Ag  An  10.2 in.2  9.93 in.2 (OK)

rx  2.62 in., ry  1.86 in., ∴ rmin  1.86 in.  0.4 in. (OK)

Use 2L 6  6  7
16 for bottom chord

Web members: Design for the maximum tensile force, which occurs in member AH,
and use one shape for all tension web members (the diagonal web members). Using the
method of sections (see figure), consider the force in member AH to act at H.

Length  82  102  12. 81 ft.

∑ME  8
12.81 FAH30 − 18.3810  20  30  0, FAH  58.86 kips

Required Ag 
FAH

0.9Fy
 58.86

0.936  1. 82 in.2

Required Ae 
FAH

0.75Fu
 58.86

0.7558  1. 353 in.2
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Required An 
Required Ae

U  1.353
0.80  1. 69 in.2

Required rmin  L
300  12.81  12

300  0.512 in.

Try 2L 3  2  3
16

Ag  An  1.83 in.2  1.82 in.2 (OK)

rx  0.869 in., ry  0.577 in., ∴ rmin  0.577 in.  0.512 in. (OK)

Use 2L 3  2  3
16 for web members

3.8-5

Use sag rods at midspan of purlins.

Top Chord length  402  82  40. 79 ft

Tributary area  40.7930/2  611. 9 ft2

Total vertical load  3611.9  1836 lb

Component parallel to roof  1836 8
40.79  360. 1 lb

(a) Since the design is for dead load only, use load combination 1:

Pu  1.4D  1.4360.1  504. 1 lb

Required Ag 
Pu

t0.75Fu
 0.5041

0.750.7558  0.01545 in.2

Let d2

4  0.01545, d  40.01545
  0.140 in.

Required d  0.140 in., Use 5
8 in. minimum

(b) Pa  360.1 lb

Ft  0.375Fu  0.37558  21. 75 ksi
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Required Ab 
Pa
Ft

 0.3601
21.75  0.01656 in.2

Let d2

4  0.01656, d  0.145 in.

Required d  0.145 in., Use 5
8 in. minimum
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CHAPTER 4 - COMPRESSION MEMBERS

4.3-1

(a) KL
r  1.015  12

1.94  92. 784

Fe  2E
KL/r2  229000

92.782  33. 250 ksi

4.71 E
Fy

 4.71 29000
50  113. 4

Since KL/r  92.78  113.4, use AISC Eq. E3-2.

Fcr  0.658Fy/Fe Fy  0.65850/33.2550  26. 646 ksi

Pn  FcrAg  26.659.71  258. 77 kips Pn  259 kips

(b) KL
r  1.020  12

1.94  123. 71

Fe  2E
KL/r2  229000

123.72  18. 705 ksi

4.71 E
Fy

 4.71 29000
50  113. 4

Since KL/r  123.7  113.4, use AISC Eq. E3-3:

Fcr  0.877Fe  0.87718.71  16. 409 ksi

Pn  FcrAg  16.419.71  159. 34 kips Pn  159 kips
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4.3-2

KL
r  1.015  12

2.20  81. 82

Fe  2E
KL/r2  229000

81.822  42. 75 ksi

4.71 E
Fy

 4.71 29000
35  135. 6

Since KL/r  81.82  135.6, use AISC Eq. E3-2:

Fcr  0.658Fy/Fe Fy  0.65835/42.7535  24. 85 ksi

Pn  FcrAg  24.857.83  195 kips Pn  195 kips

4.3-3

KL
r  2.116  12

2.86  140. 98

Fe  2E
KL/r2  229000

141.02  14. 397 ksi

4.71 E
Fy

 4.71 29000
50  113. 4

Since KL/r  141.0  113.4, use AISC Eq. E3-3:

Fcr  0.877Fe  0.87714.40  12. 629 ksi

Pn  FcrAg  12.6315.5  195. 77 kips Pn  196 kips

4.3-4

(a) KL
r  0.6515  12

3.15  37. 14

Fe  2E
KL/r2  229000

37.142  207. 5 ksi
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4.71 E
Fy

 4.71 29000
46  118. 3

Since KL/r  37.14  118.3, use AISC Eq. E3-2:

Fcr  0.658Fy/Fe Fy  0.65846/207.546  41. 92 ksi

Pn  FcrAg  41.927.10  297. 6 kips

Design strength  cPn  0.90297.6  268 kips cPn  268 kips

Allowable strength  Pn
c

 297.6
1.67  178 kips Pn

c
 178 kips

(b) From Manual Table 4-22, for KL/r  37.14 and Fy  46 ksi,

cFcr  37.77 ksi (by interpolation)

cPn  cFcrAg  37.777.10  268 kips cPn  268 kips

Fcr
c

 25.09 ksi (by interpolation)

Pn
c


FcrAg
c

 25.097.10  178 kips Pn
c

 178 kips

4.3-5

a) KL
r  1.212  12

2.69  64. 24

Fe  2E
KL/r2  229000

64.242  69. 36 ksi

4.71 E
Fy

 4.71 29000
50  113. 4

Since KL/r  64.24  113.4, use AISC Eq. E3-2:

Fcr  0.658Fy/Fe Fy  0.65850/69.3650  36. 98 ksi

Pn  FcrAg  36.9835.1  1298 kips

Design strength  cPn  0.901298  1168 kips cPn  1170 kips
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Allowable strength  Pn
c

 1298
1.67  777. 2 kips Pn

c
 777 kips

(b) From Manual Table 4-22, for KL/r  64.24 and Fy  50 ksi,

cFcr  33.30 ksi (by interpolation)

cPn  cFcrAg  33.3035.1  1169 kips cPn  1170 kips

Fcr
c

 22.15 ksi (by interpolation)

Pn
c


FcrAg
c

 22.1535.1  777. 5 kips Pn
c

 777 kips

4.3-6

KL
r  0.813  12

3.70  33. 73

Fe  2E
KL/r2  229000

33.732  251. 6 ksi

4.71 E
Fy

 4.71 29000
50  113. 4

Since KL/r  33.73  113.4, use AISC Eq. E3-2:

Fcr  0.658Fy/Fe Fy  0.65850/251.650  46. 01 ksi

Pn  FcrAg  46.0126.5  1219 kips

(a) Design strength  cPn  0.901219  1100 kips

Pu  1.2D  1.6L  1.2180  1.6540  1080 kips  1100 kips (OK)

Column has enough available strength.

(b) Allowable strength  Pn
c

 1219
1.67  730 kips

Pa  D  L  180  540  720  730 kips (OK)

Column has enough available strength.

[4-4]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



4.3-7

KL
r  0.820  12

3.05  62. 95

Fe  2E
KL/r2  229000

62.952  72. 23 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  62.95

∴ Fcr  0.658Fy/FeFy  0.65850/72.2350  37. 42 ksi

Pn  FcrAg  37.4223.2  868. 1 kips

(a) cPn  0.90868.1  781 kips

Pu  1.4D  1.4560  784 kips  781 kips (N.G.)

A W12  79 is not adequate

(b) Pn
c

 868.1
1.67  520 kips

Pa  D  L  560  68  628 kips  520 kips (N.G.)

A W12  79 is not adequate

4.3-8

KL
r  0.810  12

2.26  42. 48

Fe  2E
KL/r2  229000

42.482  158. 6 ksi

4.71 E
Fy

 4.71 29000
42  123. 8  42.48

∴ Fcr  0.658Fy/FeFy  0.65846/158.642  37. 20 ksi

Pn  FcrAg  37.204.68  174. 1 kips

[4-5]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



(a) Let Pu  cPn

1.2D  1.62D  0.90174.1, Solution is: D  35. 61

P  D  L  35.61  235.61  107 kips P  107 kips

(b) Let Pa  Pn/c

D  L  174.1/1.67  104 kips P  104 kips

4.4-1

Compute the overall, or flexural, buckling strength.

Maximum KL
r  KL

ry
 2.012  12

3.28  87. 80  200 (OK)

4.71 E
Fy

 4.71 29,000
46  118

Since 87.80  118, use AISC Equation E3-2.

Fe  2E
KL/r2  229000

87.802  37. 13 ksi

Fcr  0.658Fy/Fe Fy  0.65846/37.1346  27. 39 ksi

The nominal strength is

Pn  FcrAg  27.396.06  166. 0 kips

Check width-thickness ratios. From the dimensions and properties table in the Manual,
the width-thickness ratio for the larger overall dimension is

h
t  54.5

The ratio for the smaller dimension is

b
t  43.0

From AISC Table B4.1, case 12 (and Figure 4.9 in this book), the upper limit for
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nonslender elements is

1.40 E
Fy

 1.40 29,000
46  35. 15

Since both h
t and b

t are  1.40 E
Fy

, both elements are slender and the local buckling

strength must be computed. (Although the limiting width-thickness ratio is labeled b/t
in the table, that is a generic notation, and it applies to h/t as well.)

Because these cross-sectional elements are stiffened elements, Qs  1.0, and Qa must
be computed from AISC Section E7.2. The shape is a rectangular section of uniform
thickness, so AISC E7.2(b) applies, provided that

b
t ≥ 1.40 E

f

where

f  Pn
Ae

and Ae is the reduced effective area. The Specification User Note for square and
rectangular sections permits a value of f  Fy to be used in lieu of determining f by
iteration. From AISC Equation E7-18, the effective width of the slender element is

be  1.92t E
f 1 − 0.38

b/t
E
f ≤ b (AISC Equation E7-18)

For the 10-inch side, using f  Fy and the design thickness from the dimensions and
properties table,

be  1.920.174 29000
46 1 − 0.38

54.5
29000

46  6. 920 in.

From AISC B4.2(d) and the discussion in Part 1 of the Manual, the unreduced length of
the 10-inch side between the corner radii can be taken as

b  10 − 21.5t  10 − 21.50.174  9. 478 in.

where the corner radius is taken as 1.5 times the design thickness. The loss in area for
the two10-inch sides is therefore
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2b − bet  29.478 − 6.9200.174  0.8902 in.2

For the 8-inch sides, the unreduced length between the corner radii can be taken as

b  8 − 21.5t  8 − 21.50.174  7. 478 in.

be  1.920.174 29000
46 1 − 0.38

43.0
29000

46  6. 527 in.

The loss in area for the two 8-inch sides is

2b − bet  27.478 − 6.5270.174  0.3309 in.2

The reduced area is

Ae  6.06 − 0.8902 − 0.3309  4. 839 in.2

The reduction factor is

Qa 
Ae
A  4.893

6.06  0.8074

Q  QsQa  1.00.8074  0.8074

Compute the local buckling strength.

4.71 E
QFy

 4.71 29000
0.807446  131. 6

KL
r  87.80  131.6 ∴ use AISC Equation E7-2.

Fcr  Q 0.658
QFy
Fe Fy  0.8074 0.658

0.807446
37. 13 46  24. 44 ksi

Pn  FcrAg  24.446.06  148 kips Pn  148 kips

Iterative solution for f :

As an initial trial value use

f  Fcr  24.44 ksi
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(the value obtained above after using an initial value of f  Fy)

For the 10-inch side, b  9.478 in., and

be  1.920.174 29000
24.44 1 − 0.38

54.5
29000
24.44  8. 744 in..

The loss in area for the two10-inch sides is therefore

2b − bet  29.478 − 8.7440.174  0.2554 in.2

For the 8-inch sides, b  7. 478 in., and

be  1.920.174 29000
24.44 1 − 0.38

43.0
29000
24.44  8. 005 in.  b

Therefore, there is no reduction for the 8-inch sides, and the reduced area is

Ae  6.06 − 0.2554  5. 805 in.2

The reduction factor is

Qa 
Ae
A  5.805

6.06  0.9579

Q  QsQa  1.00.9579  0.9579

Compute the local buckling strength.

4.71 E
QFy

 4.71 29000
0.957946  120. 8

KL
r  87.80  120.8 ∴ use AISC Equation E7-2.

Fcr  Q 0.658
QFy
Fe Fy

 0.9579 0.658
0.957946

37.13 46  26. 81 ksi

≠ 24.44 ksi (the assumed value)

Try f  26.81 ksi:
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be  1.920.174 29000
26.81 1 − 0.38

54.5
29000
26.81  8. 468 in.

The total loss in area is

2b − bet  29.478 − 8.4680.174  0.3515 in.2

and the reduced area is

Ae  6.06 − 0.3515  5. 709 in.2

The reduction factor is

Qa 
Ae
A  5.709

6.06  0.9421

Q  QsQa  1.00.9421  0.9421

Compute the local buckling strength.

4.71 E
QFy

 4.71 29000
0.942146  121. 8

KL
r  87.80  121.8 ∴ use AISC Equation E7-2.

Fcr  Q 0.658
QFy
Fe Fy

 0.9421 0.658
0.942146

37.13 46  26. 59 ksi ≠ 26.81 ksi

Try f  26.59 ksi

be  1.920.174 29000
26.59 1 − 0.38

54.5
29000
26.59  8. 492 in..

Loss in area  2b − bet  29.478 − 8.4920.174  0.3431 in.2

Reduced area  Ae  6.06 − 0.3431  5. 717 in.2

Qa 
Ae
A  5.717

6.06  0.9434

Q  QsQa  1.00.9434  0.9434
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4.71 E
QFy

 4.71 29000
0.943446  121. 8

KL
r  87.80  121.8 ∴ use AISC Equation E7-2.

Fcr  Q 0.658
QFy
Fe Fy

 0.9434 0.658
0.943446

37.13 46  26. 61 ksi ≈ 26.59 ksi

Recall that AISC Equation E7-18 for be applies when b/t ≥ 1.40 E/f . In the present
case,

1.40 E
f  1.40 29000

26.61  46. 2

Since 54.5  46.2, AISC Equation E7-18 does apply.

Pn  FcrAg  26.616.06  161. 3 kips ∴ local buckling controls.

Pn  161 kips

4.4-2

Compute the overall, or flexural, buckling strength.

Maximum KL
r  KL

ry
 2.1010  12

2.89  87. 20  200 (OK)

4.71 E
Fy

 4.71 29000
50  113. 4

Since 87.20  113.4, use AISC Equation E3-2.

Fe  2E
KL/r2  229000

87.202  37. 64 ksi

Fcr  0.658Fy/Fe Fy  0.65850/37.6450  28. 68 ksi
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The nominal strength is

Pn  FcrAg  28.6829.8  855 kips

Check width-thickness ratios. From the dimensions and properties table in the Manual,
the width-thickness ratio of the web is

h
tw

 37.5

From AISC Table B4.1, case 10 (and Figure 4.9 in this book), the upper limit for
nonslender elements is

1.49 E
Fy

 1.49 29000
50  35. 88

Since h
tw

 1.49 E
Fy

, the web is slender.

For the flange,

bf
2tf

 7.68  0.56 E
Fy

 0.56 29000
50  13. 49∴ flange is not slender

Because the web is a stiffened element, Qs  1.0, and Qa must be computed from
AISC Section E7.2. AISC E7.2(a) applies, provided that

b
t ≥ 1.49 E

f

where b/t is the generic notation for the width-thickness ratio and f  Fcr computed
with Q  1.0. From the flexural buckling strength computations above, Fcr  28.68
ksi.

1.49 E
f  1.49 29000

28.68  47. 38

Since h
tw

 1.49 E
f , local buckling does not control. Pn  855 kips
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4.6-1

KL  1.018  18 ft

(a-1) Pu  1.2D  1.6L  1.2265  1.6130  526.0 kips

From the column load tables for KL  18 ft, a W12  65 has a design strength of 591
kips.

Use a W12  65

(a-2) Pa  D  L  265  130  395 kips

From the column load tables for KL  18 ft, a W12  72 has an allowable strength of
437 kips.

Use a W12  72

(b-1) Assume Fcr  25 ksi

Ag 
Pu
cFcr

 526.0
0.9025  23.4 in.2

Try W18  86 (a nonslender shape), Ag  25.3 in.2, ry  2.63 in.

KL
ry

 18  12
2.63  82. 13  200 (OK)

Fe  2E
KL/r2  229000

82.132  42. 43 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  82.13

∴ Fcr  0.658Fy/FeFy  0.65850/42.4350  30. 53 ksi

Pn  FcrAg  30.5325.3  772. 4 kips

cPn  0.90772.4  695. 2 kips  Pu  526 kips (OK)

Try the next lighter nonslender shape. Try a W18  71.

Ag  20.9 in.2, ry  1.70 in.
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KL
ry

 18  12
1.70  127. 1  200 (OK)

Fe  2E
KL/r2  229000

127.12  17. 72 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  127.1

∴ Fcr  0.877Fe  0.87717.72  15. 54 ksi

Pn  FcrAg  15.5420.9  324. 8 kips

cPn  0.90324.8  292 kips  Pu  526 kips (N.G.) Use a W18 86

(b-2) Assume Fcr  25 ksi

Ag 
Pa

0.6Fcr
 395

0.625  26. 3 in.2

Try W18  86 (a nonslender shape), Ag  25.3 in.2, ry  2.63 in.

KL
ry

 18  12
2.63  82. 13  200 (OK)

Fe  2E
KL/r2  229000

82.132  42. 43 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  82.13

∴ Fcr  0.658Fy/FeFy  0.65850/82.1350  38. 75 ksi

Pn  FcrAg  38.7525.3  980. 4 kips

Pn
c

 980.4
1.67  587  Pa  395 kips (OK) Use a W18 86

4.6-2

KL  2.015  30 ft

(a-1) Pu  1.2D  1.6L  1.2100  1.6100  280 kips
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From the column load tables for KL  30 ft, a W12  65 has a design strength of 304
kips.

Use a W12  65

(a-2) Pa  D  L  100  100  200 kips

From the column load tables for KL  30 ft, a W12  65 has an allowable strength of
202 kips.

Use a W12  65

(b-1) Pu  1.2D  1.6L  1.2100  1.6100  280 kips

Assume Fcr  25 ksi

Ag 
Pu
cFcr

 280
0.9025  12. 44 in.2

Try W16  57 (a nonslender shape), Ag  16.8 in.2, ry  1.60 in.

KL
ry

 2.015  12
1.60  225  200

Try W16  77 (a nonslender shape), Ag  22.6 in.2, ry  2.47 in.

KL
ry

 2.015  12
2.47  145. 7  200

Fe  2E
KL/r2  229000

145.72  13. 48 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  145.7

∴ Fcr  0.877Fe  0.87713.48  11. 82 ksi

Pn  FcrAg  11.8222.6  267. 1 kips

cPn  0.90267.1  240 kips  Pu  280 kips (N.G.)

Try W16  89 (a nonslender shape), Ag  26.2 in.2, ry  2.49 in.

KL
ry

 2.015  12
2.49  144. 6  200
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Fe  2E
KL/r2  229000

144.62  13. 69 ksi

KL
ry

 4.71 E
Fy

∴ Fcr  0.877Fe  0.87713.69  12. 01 ksi

Pn  FcrAg  12.0126.2  314. 7 kips

cPn  0.90314.7  283 kips  Pu  280 kips (OK) Use a W16  89

(b-2) Pa  D  L  100  100  200 kips

Assume Fcr  25 ksi

Ag 
Pa

0.6Fcr
 200

0.625  13. 33 in.2

Try W16  57 (a nonslender shape), Ag  16.8 in.2, ry  1.60 in.

KL
ry

 2.015  12
1.60  225.0  200

Try W16  77 (a nonslender shape), Ag  22.6 in.2, ry  2.47 in.

KL
ry

 2.015  12
2.47  145. 7  200

Fe  2E
KL/r2  229000

145.72  13. 48 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  145.7

∴ Fcr  0.877Fe  0.87713.48  11. 82 ksi

Pn  FcrAg  11.8222.6  267. 1 kips

Pn
c

 267.1
1.67  159. 9  Pa  200 kips (N.G.)

Try W16  89 (a nonslender shape), Ag  26.2 in.2, ry  2.49 in.

KL
ry

 2.015  12
2.49  144. 6  200
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Fe  2E
KL/r2  229000

144.62  13. 69 ksi

KL
ry

 4.71 E
Fy

∴ Fcr  0.877Fe  0.87713.69  12. 01 ksi

Pn  FcrAg  12.0126.2  314. 7 kips

Pn
c

 314.7
1.67  188. 4  Pa  200 kips (N.G.)

Try W16  100 (a non-slender shape), Ag  29.4, ry  2.51

KL
ry

 2.015  12
2.51  143. 4  200

Fe  2E
KL/r2  229000

143.42  13. 92 ksi

KL
ry

 4.71 E
Fy

∴ Fcr  0.877Fe  0.87713.92  12. 21 ksi

Pn  FcrAg  12.2129.4  359. 0 kips

Pn
c

 359.0
1.67  215  Pa  200 kips (OK) Use a W16  100

4.6-3

KL  2.112  25. 2 ft

(a) Pu  1.2D  1.6L  1.2100  1.6300  600 kips

From the column load tables:

HSS 12  12  1
2 : cPn  653 kips  600 kips, w  76.1 lb/ft

HSS 14  14  3
8 : cPn  634 kips  600 kips, w  68.3 lb/ft

Use HSS 14  14  3
8
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(b) Pa  D  L  100  300  400 kips

From the column load tables:

HSS 14  14  3
8 : Pn/c  422 kips  400 kips, w  68.3 lb/ft

Use HSS 14  14  3
8

4.6-4

KL  0.815  12 ft

(a) Pu  1.2D  1.6L  1.2122  1.6242  534 kips

Pipe 8-XXS: cPn  549 kips  534 kips; w  72.5 lb/ft Use a Pipe 8-XXS.

(b) Pa  D  L  122  242  364 kips

Pipe 8-XXS: Pn/c  88.7 kips  84 kips; w  19.0 lb/ft

Use a Pipe 8-XXS

4.6-5

KL  0.815  12 ft

(a) Pu  1.2D  1.6L  1.2122  1.6242  534 kips

HP10  57: cPn  584 kips

HP12  53: cPn  579 kips Use HP12  53

(b) Pa  D  L  122  242  364 kips

HP10  57: Pn/c  388 kips

HP12  53: Pn/c  386 kips Use HP12  53
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4.6-6

KL  2.112  25. 2 ft

(a) Pu  1.2D  1.6L  1.2100  1.6300  600 kips

From the column load tables:

HSS 20  12  3
8 : cPn  629 kips  600 kips, w  78.5 lb/ft

Use HSS 20  12  3
8

(b) Pa  D  L  100  300  400 kips

From the column load tables:

HSS 20  12  3
8 : Pn/c  419 kips  400 kips, w  78.5 lb/ft

Use HSS 20  12  3
8

4.6-7

Pu  1.2D  1.6L  1.2100  1.6250  520 kips

KL  0.6516  10. 4 ft

(a) Use a W10  49 (cPn  543 kips)

(b) Use an HSS 9  9  1
2 (w  55.7 lb/ft, cPn  580 kips)

(c) Use an HSS 12 10  3
8 (w  53.0 lb/ft, cPn  566 kips)

(d) Use an HSS 16  0.312 (w  52.3 lb/ft, cPn  528 kips)

4.6-8

Pa  D  L  100  250  350 kips

KL  0.6516  10. 4 ft
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(a) Use a W10  49 (Pn/c  361 kips)

(b) Use an HSS 9  9  1
2 (w  55.5 lb/ft, Pn/c  386 kips)

(c) Use an HSS 12 10  3
8 (w  53.0 lb/ft, Pn/c  377 kips)

(d) Use an HSS 16  0.312 (w  52.3 lb/ft, Pn/c  351 kips)

4.6-9

(a) Pu  1.2D  1.6L  1.2100  1.6250  520 kips

Assume Fcr  25 ksi

Ag 
Pu
cFcr

 520
0.9025  23. 11 in.2

Try W21  83 (a slender shape), Ag  24.4 in.2, ry  1.83 in.

First, compute the strength without regard to local buckling. If the selection is adequate,
then adjust for local buckling.

KL
ry

 0.6516  12
1.83  68. 20  200

Fe  2E
KL/r2  229000

68.202  61. 54 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  68.20

∴ Fcr  0.658Fy/FeFy  0.65850/61.5450  35. 59 ksi

Pn  FcrAg  35.5924.4  868. 4 kips

cPn  0.90868.4  782 kips  520 kips (OK, but too conservative)

Assume Fcr  35 ksi

Ag 
Pu
cFcr

 520
0.9035  16. 5 in.2
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Try W21  62 (a slender shape), Ag  18.3 in.2, ry  1.77 in.

KL
ry

 0.6516  12
1.77  70. 51  200

Fe  2E
KL/r2  229000

70.512  57. 57 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  70.51

∴ Fcr  0.658Fy/FeFy  0.65850/57.5750  34. 76 ksi

Pn  FcrAg  34.7618.3  636. 1 kips

cPn  0.90636.1  572. 5 kips 524 kips (OK)

Check flange local buckling. The flange is an unstiffened element. From the
dimensions and properties table in the Manual, the width-to-thickness ratio of the
flange is

bf
2tf

 6.70  0.56 E
Fy

 0.56 29000
50  13. 49

Therefore, Qs  1.0

Check web local buckling. From the dimensions and properties table in the Manual,
the width-thickness ratio of the web is

h
tw

 46.9

Because this cross-sectional element is a stiffened element, Qa must be computed from
AISC Section E7.2. AISC E7.2(a) applies, provided that

b
t ≥ 1.49 E

f

where b/t is the generic notation for the width-thickness ratio and f  Fcr computed
with Q  1.0. From the flexural buckling strength computations above, Fcr  34.76
ksi.

1.49 E
f  1.49 29000

34.76  43. 04
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Since h
tw

 1.49 E
f , local buckling strength must be checked. The unreduced width

of the web is b  d − 2kdes  21.0 − 21.12  18. 76 in. From AISC Eq. E7-17, The
reduced effective width is

be  1.92t E
f 1 − 0.34

b/t
E
f ≤ b

 1.920.400 29000
34.76 1 − 0.34

46.9
29000
34.76  17. 54 in.  18.76 in.

The reduced area is

Ae  A − twb − be  18.3 − 0.40018.76 − 17.54  17. 81 in.2

Qa  Q  Ae
A  17.81

18.3  0.9732

Determine which critical stress equation to use:

4.71 E
QFy

 4.71 29000
0.973250  115. 0  KL

r  70.51

∴ Fcr  Q 0.658
QFy
Fe Fy  0.9732 0.658

0.973250
57.57 50

 34. 16 ksi

Pn  FcrAg  34.1618.3  625. 1 kips

cPn  0.90625.1  563 kips  524 kips (OK) Use a W21  62

4.7-1

KxL
rx

 2.213  12
7.82  43. 89, KyL

ry
 1.013  12

2.65  58. 87 (controls)

Fe  2E
KL/r2  229000

58.872  82. 59 ksi

4.71 E
Fy

 4.71 29000
60  103. 5  58.87
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Fcr  0.658Fy/Fe Fy  0.65860/82.5960  44. 27 ksi

Pn  FcrAg  44.2728.5  1262 kips

Check for slender compression elements for Fy  60 ksi.

Flange:   bf
2tf

 6.41, r  0.56 E
Fy

 0.56 29000
60  12.3

Since   r, flange is nonslender.

Web:   h
tw

 30.8, r  1.49 E
Fy

 1.49 29000
60  32.8

Since   r, web is nonslender. Therefore, the nominal compressive strength is

Pn  1260 kips

4.7-2

KxL
rx

 16  12
3.85  49. 87, KyL

ry
 10  12

3.25  36. 92

Fe  2E
KL/r2  229000

49.872  115. 1 ksi

4.71 E
Fy

 4.71 29000
46  118. 3

Since KL/r  49.87  118.3, use AISC Eq. E3-2:

Fcr  0.658Fy/Fe Fy  0.65846/115.146  38. 91 ksi

Pn  FcrAg  38.918.03  312. 4 kips

(a) cPn  0.90312.4  281 kips cPn  281 kips

(b) Pn
c

 312.4
1.67  187 kips Pn

c
 187 kips
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4.7-3

For a W12  65, Ag  19.1 in.2, rx  5.28, in., ry  3.02 in.

KxL
rx

 26  12
5.28  59. 09, KyL

ry
 14  12

3.02  55. 63

Fe  2E
KL/r2  229000

59.092  81. 97 ksi

4.71 E
Fy

 4.71 29000
60  103. 5

Since KL/r  59.09  103.5, use AISC Eq. E3-2:

Fcr  0.658Fy/Fe Fy  0.65860/81.9760  44. 17 ksi

Pn  FcrAg  44.1719.1  843. 6 kips

Check for slender compression elements for Fy  60 ksi.

Flange:   b
2tf

 9.92, r  0.56 E
Fy

 0.56 29000
60  12.3

Since   r, flange is nonslender.

Web:   h
tw

 24.9, r  1.49 E
Fy

 1.49 29000
60  32.8

Since   r, web is nonslender. Therefore, the nominal compressive strength is

Pn  843.6 kips.

(a) LRFD Solution:

cPn  0.90843.6  759 kips

Pu  1.2D  1.6L  1.2180  1.6320  728 kips  759 kips (OK)

Yes; member is satisfactory.

(b) ASD Solution:

Pn
c

 843.6
1.67  505 kips
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Pa  D  L  180  320  500 kips  505 kips (OK)

Yes; member is satisfactory.

4.7-4

KxL  24 ft, KyL  24 − 10  14 ft

(a) Pu  1.2D  1.6L  1.2142  1.6356  740.0 kips

From the column load tables for KL  14 ft, try a W12  72

cPn  759 kips for KL  14 ft.

KxL
rx/ry

 24
1.75  13. 71 ft  14 ft Use a W12  72

(b) Pa  D  L  142  356  498 kips

From the column load tables for KL  14 ft, try a W12  72

Pn
c

 505 kips for KL  14 ft.

KxL
rx/ry

 24
1.75  13. 71 ft  14 ft Use a W12  72

4.7-5

KxL  35 ft, KyL  15 ft

(a) Pu  1.2D  1.6L  1.2340  1.6670  1480 kips

From the column load tables for KL  15 ft, there are no W8 or W10 shapes with
enough strength. Try a W12  152 :

cPn  1590 kips for KL  15 ft

KxL
rx/ry

 35
1.77  19. 77 ft  15 ft
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For KL  19 ft, cPn  1380 kips  1480 kips (N.G.)

Try a W12  170:

KxL
rx/ry

 35
1.78  19. 66 ft  15 ft

For KL  20 ft, cPn  1500 kips  1480 kips (OK)

Investigate W14 shapes: Try a W14  132. cPn  1480 kips for KL  15 ft

KxL
rx/ry

 35
1.67  20. 96 ft.  15 ft

For KL  20 ft, cPn  1300 kips  1480 kips (N.G.)

Try a W14  145:

KxL
rx/ry

 35
1.59  22. 01 ft  15 ft

For KL  22 ft, cPn  1390 kips  1480 kips (N.G.)

Try a W14  159:

KxL
rx/ry

 35
1.60  21. 88 ft  15 ft

For KL  22 ft, cPn  1530 kips  1480 kips (OK)

The W14  159 is the lightest W shape (in the column load tables) that will work.

Use a W14  159

(b) Pa  D  L  340  670  1010 kips

From the column load tables for KL  15 ft, there are no W8 or W10 shapes with
enough strength.

Try a W12  152 :

Pn
c

 1060 kips for KL  15 ft

KxL
rx/ry

 35
1.77  19. 77 ft  15 ft
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For KL  20 ft, Pn
c

 885 kips  1010 kips (N.G.)

Try a W12  190:

KxL
rx/ry

 35
1.79  19. 55 ft  15 ft

For KL  20 ft, Pn
c

 1130 kips  1010 kips (OK)

Investigate W14 shapes: Try a W14  145. Pn
c

 1100 kips for KL  15 ft

KxL
rx/ry

 35
1.59  22. 01 ft.  15 ft

For KL  22 ft, Pn
c

 927 kips  1010 kips (N.G.)

Try a W14  159:

KxL
rx/ry

 35
1.60  21. 88 ft  15 ft

For KL  22 ft, Pn
c

 1020 kips  1010 kips (OK)

The W14  159 is the lightest W shape (in the column load tables) that will work.

Use a W14  159

4.7-6

KxL  15 ft, KyL  7.5 ft

Since rx/ry  1.0 for a square shape, use KL  15 ft

(a) Pu  1.2D  1.6L  1.235  1.680  170.0 kips

Use an HSS 8  8  3/16

cPn  170 kips  Pu, w  19.6 lb/ft

Use an HSS 8  8  3/16
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(b) Pa  D  L  35  80  115 kips

Use an HSS 9  9  3/16

Pn
c

 122 kips  115 kips, w  22.2 lb/ft

Use an HSS 9  9  3/16

4.7-7

KxL  22 ft, KyL  12 ft

KxL will control when KxL
rx/ry

 KyL, or KxL
KyL

 rx/ry

For this column, KxL
KyL

 22
12  1. 83

rx/ry is  1.8 for all rectangular HSS, so KxL
rx/ry

will control for this column.

(a) Pu  1.2D  1.6L  1.230  1.690  180 kips

Check within each range of rx/ry for possible choices.

For rx/ry ≈ 1.2, KxL
rx/ry

 22
1.2  18. 33 ft. Try an HSS 8  6  5

16 , w  27.6 lb/ft

KxL
rx/ry

 22
1.25  17. 6 ft, cPn  182 kips (OK)

For rx/ry ≈ 1.3, KxL
rx/ry

 22
1.3  16. 92 ft. Try an HSS 7  5  1

2 , w  35.2 lb/ft

KxL
rx/ry

 22
1.31  16. 79 ft, cPn  187 kips (OK)

For rx/ry ≈ 1.4, KxL
rx/ry

 22
1.4  15. 71 ft.

Try an HSS 12  8  3
16 , w  24.7 lb/ft

KxL
rx/ry

 22
1.36  16. 18 ft, cPn  183 kips (OK)
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For rx/ry ≈ 1.6, KxL
rx/ry

 22
1.6  13. 75 ft. Try an HSS 9  5  5

16 , w  26.6 lb/ft

KxL
rx/ry

 22
1.58  13. 92 ft, cPn  200 kips (OK)

For rx/ry ≈ 1.7, KxL
rx/ry

 22
1.7  12. 94 ft. Try an HSS 8  4  1

2 , w  35.2 lb/ft

KxL
rx/ry

 22
1.74  12. 64 ft, cPn  206 kips (OK)

Use an HSS 12  8  3
16 , w  24.7 lb/ft

(b) Pa  D  L  30  90  120 kips

Try an HSS 12  8  3
16 , w  24.7 lb/ft

KxL
rx/ry

 22
1.36  16. 18 ft, Pn

c
 120 kips (OK)

Use an HSS 12  8  3
16 , w  24.7 lb/ft

4.7-8

(a) Column AB: GA  10, GB 
∑ Ic/Lc

∑ Ig/Lg
 2475/13

2518/20  1.41

From the alignment chart,
Kx ≈ 1.98 Kx  1.98

(b) Column BC: GC  GB  1.41 and Kx  1.42

(c) Column AB:

KxL
rx

 1.9812  12
5.28  54.0

4.71 E
Fy

 113. 4

Since KxL
rx

 4.71 E
Fy

, the column is inelastic. Since Kx for column BC is smaller,
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KxL/rx is smaller, so column BC is also inelastic.

b is applicable to both columns.

4.7-9

GA  1.0, GB 
∑ Ic/Lc

∑ Ig/Lg
 999/13  1110/13

800/25  5. 07

From the alignment chart, Kx ≈ 1.68

KxL
rx

 1.6813  12
6.14  42. 68

4.71 E
Fy

 113. 4

Since KxL
rx

 4.71 E
Fy

, the column is inelastic.

(a) Pu  1.2D  1.6L  1.2155  1.6460  922.0 kips

Pu
Ag

 922.0
26.5  34. 79 ksi

From Table 4-21 in the Manual, b  0.846 by interpolation.

Use GB  0.8465.07  4. 29

From the alignment chart,
Kx ≈ 1.65 Kx  1.65

(b) Pa  D  L  155  460  615.0 kips

Pa
Ag

 615
26.5  23. 21 ksi

From Table 4-21 in the Manual, b  1.00

Use GB  1.005.07  5.07

From the alignment chart,
Kx ≈ 1.68 Kx  1.68
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4.7-10

GA 
∑ Ic/Lc

∑ Ig/Lg
 623/15

758/18  758/20  0.519, GB  10

From the alignment chart, Kx ≈ 1.80

KxL
rx

 1.8015  12
4.60  70. 43

4.71 E
Fy

 113. 4

Since KxL
rx

 4.71 E
Fy

, the column is inelastic.

(a) Pu  1.2D  1.6L  1.290  1.6110  284.0 kips

Pu
Ag

 284.0
29.3  9. 693 ksi

From Table 4-21 in the Manual, b  1.00∴ no modification is necessary.

KyL
ry

 1.015  12
2.65  67. 92  70.43∴ KxL

rx
controls

Fe  2E
KL/r2  229000

70.432  57. 70 ksi

Fcr  0.658Fy/Fe Fy  0.65850/57.7050  34. 79 ksi

Pn  FcrAg  34.7929.3  1019 kips

cPn  0.901019  917. 1 kips cPn  917 kips

(b) Pa  D  L  90  110  200 kips

Pa
Ag

 200
29.3  6. 826 ksi

From Table 4-21 in the Manual, b  1.00∴ no modification is necessary.

KyL
ry

 1.015  12
2.65  67. 92  70.43∴ KxL

rx
controls
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Fe  2E
KL/r2  229000

70.432  57. 70 ksi

Fcr  0.658Fy/Fe Fy  0.65850/57.7050  34. 79 ksi

Pn  FcrAg  34.7929.3  1019 kips The allowable strength is

Pn
c

 1019
1.67  610 kips Pn

c
 610 kips

4.7-11

(a) Member AB: GA  10, GB 
∑ Ic/Lc

∑ Ig/Lg
 2I/13

3I/30  1. 54

From the alignment chart,
Kx ≈ 2.00 Kx  2.00

(b) Member BC: From part (a), GB  1.54

GC 
∑ Ic/Lc

∑ Ig/Lg
 I/13

2I/30  1. 15 Kx  1.40

(c) Member DE: GD 
∑ Ic/Lc

∑ Ig/Lg
 I/13

22I/30  0.577

GE 
∑ Ic/Lc

∑ Ig/Lg
 2I/13

23I/30  0.769 Kx  1.2

(d) Member EF: From part (c), GE  0.769. Use GF  1.0 Kx  1.28

4.7-12

(a) GA  1.0, GB 
∑ Ic/Lc

∑ Ig/Lg
 2  833/13

712/30  5. 40

From the alignment chart, Kx ≈ 1.7, KxL
rx/ry

 1.713
1.76  12. 56 ft  KyL  13 ft
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For KL  13 ft, cPn  1050 kips  750 kips (OK) Member is adequate.

(b) GN  10, GM 
∑ Ic/Lc

∑ Ig/Lg
 2  833/13

2  712/30  2. 70

From the alignment chart, Kx ≈ 2.3, KxL
rx/ry

 2.313
1.76

 16. 99 ft  KyL  13 ft

For KL  17 ft, cPn  923 kips  1000 kips (N.G.)

Check for inelastic behavior:

KxL
rx

 2.313  12
5.44  65. 96

4.71 E
Fy

 113. 4

Since KxL
rx

 4.71 E
Fy

, the column is inelastic.

Pu
Ag

 1000
28.2  35. 46 ksi.

From Table 4-1 in the Manual, b  0.824 by interpolation.

Use GM  0.8242.70  2. 22

From the alignment chart, Kx ≈ 2.14

KxL
rx/ry

 2.1413
1.76  15. 81 ft  KyL  13 ft

For KL  16 ft, cPn  957 kips  1000 kips (N.G.) Member not adequate.

(c) GB 
∑ Ic/Lc

∑ Ig/Lg
 2  833/13

712/30  5. 40, GC  662/13  833/13
712/30  4. 85

From the alignment chart, Kx ≈ 2.22, KxL
rx/ry

 2.2213
1.76

 16. 40 ft  KyL  13 ft
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For KL  17 ft, cPn  923 kips  600 kips (OK)

(There is no need to check for inelastic behavior since the member has enough strength
as it is.)

Member is adequate.

(d) GL 
∑ Ic/Lc

∑ Ig/Lg
 662/13  833/13

2  712/30  2. 42, From Part b, GM  2.70

From the alignment chart, Kx ≈ 1.72, KxL
rx/ry

 1.7213
1.76

 12. 7 ft  KyL  13 ft

For KL  13 ft, cPn  1050 kips 1200 kips (N.G.)

Since KyL controls, b cannot help. Member is not adequate.

(e) GF 
∑ Ic/Lc

∑ Ig/Lg
 2  272/13

612/30  2. 05, GG  272/13
301/30  2. 09

From the alignment chart, Kx ≈ 1.6, KxL
rx/ry

 1.613
1.71  12.2 ft  KyL  13 ft

For KL  13 ft, cPn  492 kips  240 kips (OK) Member is adequate.

(f) GH 
∑ Ic/Lc

∑ Ig/Lg
 272/13

2  301/30  1. 04, GI 
2  272/13
2  612/30  1. 03

From the alignment chart, Kx ≈ 1.32, KxL
rx/ry

 1.3213
1.71

 10. 0 ft  KyL  13 ft

For KL  13 ft, cPn  492 kips  480 kips (OK)

Member is adequate.
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4.7-13

Pu  1.2D  1.6L  1.248  1.672  172. 8 kips

For purposes of determining G, assume that y-axis buckling controls and select a shape
for AB. For KL  1.014  14 ft, select a W8  31 with cPn  248 kips.

GA 
∑ Ic/Lc

∑ Ig/Lg
 110/14

2245/20  0.3207

GB 
∑ Ic/Lc

∑ Ig/Lg
 110/14  391/14

2518/20  0.6908

From the alignment chart, Kx ≈ 1.16

KxL
rx

 1.1614  12
3.47  56. 16

4.71 E
Fy

 113. 4

Since KxL
rx

 4.71 E
Fy

, the column is inelastic, and the stiffness reduction factor

can be used. But

KyL
ry

 1.014  12
2.02  83. 17  KxL

rx

so y-axis buckling controls, and the stiffness reduction factor is not needed.

Use a W8  31

4.8-1

Compute the flexural buckling strength for the x-axis:

KxL
rx

 16  12
3.06  62. 75

Fe  2E
KL/r2  229000

62.752  72. 69 ksi
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4.71 E
Fy

 4.71 29,000
50  113

Since KL
r  4.71 E

Fy
, AISC Equation E3-2 applies.

Fcr  0.658Fy/Fe Fy  0.65850/72.6950  37. 49 ksi

The nominal strength is

Pn  FcrAg  37.4919.4  727 kips

Compute the flexural-torsional buckling strength about the y-axis (the axis of
symmetry):

KyL
ry

 16  12
2.93  65. 53

From the AISC Shapes Database, r̄o  4.65 in. and H  0.845

Compute Fcry using AISC E3. From AISC Equation E3-4,

Fe  2E
KL/r2  2E

KyL/ry2  229000
65.532  66. 65 ksi

Since KyL/ry  4.71 E
Fy

 113

Fcry  0.658Fy/Fe Fy  0.65850/66.6550  36. 53 ksi

Fcrz  GJ
Agr̄o

2  112005.62
19.44.652  150.1 ksi

Fcry  Fcrz  36.53  150.1  186. 6 ksi

Fcr 
Fcry  Fcrz

2H 1 − 1 − 4FcryFcrzH
Fcry  Fcrz2

 186.6
20.845 1 − 1 − 436.53150.10.845

186.62  34. 9 ksi

Pn  FcrAg  34.919.4  677 kips

The flexural-torsional buckling strength controls. Pn  677 kips
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4.8-2

AISC E4(b) must be used, because this shape is nonslender and is neither a
double-angle shape nor a tee shape. Check flexural buckling strength about the y axis
(this is the axis of no symmetry for a channel):

KyL
ry

 0.6510  12
0.797  97. 87  200 (OK)

Fe  2E
KL/r2  229000

97.872  29. 88 ksi

4.71 E
Fy

 4.71 29000
36  133. 7  97.87

∴ Fcry  0.658Fy/Fe Fy  0.65836/29.8836  21. 74 ksi

Pn  FcrAg  21.746.08  132. 2 kips

Flexural-torsional buckling strength about the x axis (this is the axis of symmetry for a
channel):

KxL
rx

 0.6510  12
4.61  16. 92

Fey  2E
KL/r2  229000

16.922  999. 8 ksi

Fez 
2ECW

KzL2  GJ 1
Ar̄o

2

 229000112
0.65  10  122  112000.369 1

6.084.932  63. 62 ksi

Fey  Fez  999.8  63.62  1063 ksi

Fe 
Fey  Fez

2H 1 − 1 − 4FeyFezH
Fey  Fez2

 1063
20.899 1 − 1 − 4999.863.620.899

10632  63. 22 ksi
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Determine which compressive strength equation to use.

Fy
Fe

 36
63.22  0.5694  2.25

∴use AISC Equation E3-2.

Fcr  0.658Fy/Fe Fy  0.6580.569436  28. 37 ksi

Pn  FcrAg  28.366.08  172. 4 kips

The flexural buckling strength controls. Pn  132 kips

4.8-3

KL  0.820  16.0 ft

For a live load-to-dead load ratio of 2,

D  2D  180, D  60 kips, L  260  120 kips

(a) Pu  1.2D  1.6L  1.260  1.6120  264.0 kips

From the column load tables,

a WT7  54.5 has a design strength of 277 kips based on buckling about the x axis.

a WT8  38.5 has a design strength of 295 kips based on buckling about the x axis.

a WT9  32.5 has a design strength of 273 kips based on buckling about the x axis.

Use a WT9  32.5

(b) Pa  180 kips

From the column load tables, a WT9  38 has an allowable strength of 189 kips based
on buckling about the y axis.

Use a WT9  38
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4.8-4

(a) Pu  1.2D  1.6L  1.230  1.670  148 kips

Try a C15  33.9

AISC E4(b) must be used, because this shape is nonslender and is neither a
double-angle shape nor a tee shape. Check flexural buckling strength about the y axis
(this is the axis of no symmetry for a channel):

KyL
ry

 0.6510  12
0.901  86. 57  200 (OK)

Fe  2E
KL/r2  229000

86.572  38. 19 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  86.57

∴ Fcry  0.658Fy/Fe Fy  0.65850/38.1950  28. 91 ksi

Pn  FcrAg  28.9110.0  289. 1kips

cPn  0.90289.1  260. 2 kips

This shape may be too conservative. Try a C12 30.

KyL
ry

 0.6510  12
0.762  102. 4  200 (OK)

Fe  2E
KL/r2  229000

102.42  27. 30 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  102.4

∴ Fcry  0.658Fy/Fe Fy  0.65850/27.3050  23. 23 ksi

Pn  FcrAg  23.238.81  204. 7kips

cPn  0.90204.7  184. 2 kips

Flexural-torsional buckling strength about the x axis (this is the axis of symmetry for a
channel):
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KxL
rx

 0.6510  12
4.29  18. 18

Fey  2E
KL/r2  229000

18.182  866. 0 ksi

Fez 
2ECW

KzL2  GJ 1
Ar̄o

2

 229000151
0.65  10  122  112000.861 1

8.814.542  92. 22 ksi

Fey  Fez  866.0  92.22  958. 2 ksi

Fe 
Fey  Fez

2H 1 − 1 − 4FeyFezH
Fey  Fez2

 958.2
20.919 1 − 1 − 4866.092.220.919

958.22  91. 35 ksi

Determine which compressive strength equation to use.

Fy
Fe

 50
91.35  0.5473  2.25

∴use AISC Equation E3-2.

Fcr  0.658Fy/Fe Fy  0.6580.547350  39. 76 ksi

Pn  FcrAg  39.768.81  350. 3 kips

cPn  0.90350.3  315. 3 kips

The flexural buckling strength controls. Try a C12  25. Check flexural buckling
strength about the y axis:

KyL
ry

 0.6510  12
0.779  100. 1  200 (OK)

Fe  2E
KL/r2  229000

100.12  28. 56 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  100.1
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∴ Fcry  0.658Fy/Fe Fy  0.65850/28.5650  24. 03 ksi

Pn  FcrAg  24.037.34  176. 4 kips

cPn  0.90176.4  158. 8 kips  148 kips (OK)

Try a C12  20.7.

KyL
ry

 0.6510  12
0.797  97. 87  200 (OK)

Fe  2E
KL/r2  229000

97.872  29. 88 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  97.87

∴ Fcry  0.658Fy/Fe Fy  0.65850/29.8850  24. 82 ksi

Pn  FcrAg  24.826.08  150. 9 kips

cPn  0.90150.9  135. 8 kips  148 kips (N.G.)

Return to the C12  25. Check flexural-torsional buckling strength about the x axis:

KxL
rx

 0.6510  12
4.43  17. 61

Fey  2E
KL/r2  229000

17.612  923. 0 ksi

Fez 
2ECW

KzL2  GJ 1
Ar̄o

2

 229000130
0.65  10  122  112000.538 1

7.344.722  74. 25 ksi

Fey  Fez  923.0  74.25  997. 3 ksi

Fe 
Fey  Fez

2H 1 − 1 − 4FeyFezH
Fey  Fez2

 997.3
20.909 1 − 1 − 4923.074.250.909

997.32  73. 66 ksi
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Determine which compressive strength equation to use.

Fy
Fe

 50
73.66  0.6788  2.25

∴use AISC Equation E3-2.

Fcr  0.658Fy/Fe Fy  0.6580.678850  37. 63 ksi

Pn  FcrAg  37.637.34  276. 2 kips

cPn  0.90276.2  248. 6 kips

Flexural Buckling controls. cPn  159 kips  148 kips (OK) Use a C12  25

(b) Pa  D  L  30  70  100 kips

Try a C12  25

AISC E4(b) must be used, because this shape is nonslender and is neither a
double-angle shape nor a tee shape. First, check the flexural buckling strength about
the y axis (this is the axis of no symmetry for a channel). From the LRFD solution in
Part (a),

Pn  176. 4 kips

Pn
c

 176.4
1.67  106 kips  100 kips (OK)

Next, check the flexural-torsional buckling strength about the x axis (this is the axis of
symmetry for a channel). From the LRFD solution in Part (a),

Pn  276.2 kips

Pn
c

 276.2
1.67  165 kips  100 kips (OK) Use a C12  25

4.9-1

With the short leg vertical, the needed properties of a single angle are

Ix  2.89 in.4, ȳ  1.14 in., A  1.82 in.2
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For the two angles,

Iy  2.89  1.82 1.14  3
16

2
 2  12. 19 in.4

ry 
Iy
A  12.19

21.82  1. 83 in. ry  1.83 in.

4.9-2

x-axis:

Segment A y Ay Ī d Ī  Ad2

C8  11.5 3.37 0.572 1.928 1.31 4.147 59.27
S12  31.8 9.31 6.220 57.91 217 1.501 238.0
∑ 12.68 59.84 297.3

ȳ  y2 
∑Ay
∑A

 59.84
12.68  4. 719 in. Ix  297.3 in.4

rx  Ix
A  297.3

12.68  4. 84 in.

y-axis: Iy  9.33  32.5  41. 83 in.4, ry 
Iy
A  41.83

12.68  1. 82 in

y2  4.72 in., rx  4.84 in., ry  1.82 in.

4.9-3

For one angle, A  6.98 in.2, Ix  Iy  15.7 in.4, x̄  ȳ  1.52 in.

I  15.7  6.981.52  5/22   4  514. 0 in.4, A  6.98  4  27. 92 in.2

r  I
A  514.0

27.92  4. 291 in. rx  ry  4.29 in.
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4.9-4

x-axis:

ȳ 
∑Ay
∑A

 60.25  50.5  8  30.5  16  0.25
6  5  3  6. 732 in.

Ix  ∑Ī  Ad2  1
12 120.53  66.732 − 0.252

 1
12 5/16163  56.732 − 8.52

 1
12 60.53  36.732 − 16.752  675. 7 in.4

rx  Ix
A  675.7

14  6. 947 in.

y-axis:

Iy  1
12 0.5123  1

12 165/163  1
12 0.563  81. 04 in.4

ry 
Iy
A  81.04

14  2. 406 in. rx  6.95 in., ry  2.41 in.

4.9-5

Ix  1
12 36403 − 1

12 28323  1. 155  105 in.4

Iy  1
12 40363 − 1

12 32283  9. 698  104 in.4

A  3640 − 2832  544.0 in.2

rmin  ry 
Iy
A  96980

544.0  13. 35 in.

KL
r  0.840  12

13.35  28. 76  200 (OK)

Fe  2E
KL/r2  229000

28.762  346.0 ksi
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4.71 E
Fy

 4.71 29000
50  113. 4  28.76

∴ Fcr  0.658Fy/Fe Fy  0.65850/346.050  47. 07 ksi

Pn  FcrAg  47.07544.0  2. 561  104 kips Pn  25,600 kips

4.9-6

x-axis:

Segment A y Ay Ī d Ī  Ad2

1  5 5 0.5 2.5 0.4167 0.429 1.337
1  2 2 2.0 4.0 0.6667 1.071 2.961
∑ 7 6.5 4.298

ȳ 
∑Ay
∑A

 6.5
7  0.9286 in. Ix  4.298 in.4

y-axis:

Iy  1
12 15

3  213   10. 58 in.4

x axis controls. rx 
Ix
A  4.298

7  0.7836 in.

KL
r  0.815  12

0.7836  183. 8  200 (OK)

Fe  2E
KL/r2  229000

183.82  8. 472 ksi

4.71 E
Fy

 4.71 29000
36  134  183.8

∴ Fcr  0.877Fe  0.8778.472  7. 430 ksi

cPn  0.90AgFcr  0.9077.430  46. 81 kips

cPn  46.8 kips
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4.9-7

(a) y-axis:

Segment A Ī d Ī  Ad2

Channel 2.64 0.624 0.6655 1.793
Channel 2.64 0.624 0.6655 1.793
∑ 5.28 3.586

Iy  3.586 in.4

ry 
Iy
A  3.586

5.28  0.8241 in. ry  0.824 in.

x-axis: rx  1.84 in.

y-axis controls.

KL
r  14  12

0.8241  203. 9  200 (not recommended but can be used)

Fe  2E
KL/r2  229000

203.92  6. 884 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  203.9

∴ Fcr  0.877Fe  0.8776.884  6. 037 ksi

Pn
 

AgFcr
1.67  5.286.037

1.67  19. 09 kips Pn/  19.1 kips
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4.9-8

y-axis:

Segment A Ī d Ī  Ad2

C6  13 3.82 1.05 7.746 230.3
W12  50 14.6 391 0 391
C6  13 3.82 1.05 7.746 230.3
∑ 22.24 851.6

Iy  851.6 in.4

x-axis: Ix  217.3  56.3  90. 9 in.4 (controls)

rx 
Ix
A  90.9

22.24  2. 022 in.

KL
r  16  12

2.022  94. 96  200 (OK)

Fe  2E
KL/r2  229000

94.962  31. 74 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  94.96

∴ Fcr  0.658Fy/Fe Fy  0.65850/31.7450  25. 86 ksi

(a) cPn  0.90FcrAg  0.9025.8622.24  517. 6 kips cPn  518 kips

From the column load tables, the design strength of a W12  50 for KL  16 ft is
cPn  326 kips. Therefore, the reinforcement increases the strength by

518 − 326
326  100  58. 90% Increase  58.9%

(b) Pn
c


FcrAg
1.67  25.8622.24

1.67  344. 4 Pn
c

 344 kips

From the column load tables, the allowable strength of a W12  50 for KL  16 ft is
Pn/c  217 kips. Therefore, the reinforcement increases the strength by

344 − 217
217  100  58. 53% Increase  58.5%
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4.9-9

(a) x-axis:

Ix  999  93.4  1092 in.4

A  26.5  14.4  40. 9 in.2

rx  Ix
A  1092

40.9  5. 167 in.

y-axis:

Segment A x Ax Ī d Ī  Ad2

W14  90 26.5 0 0 362 1.834 451. 1
W10  49 14.4 5.21 75. 02 272 3.376 436. 1
∑ 40.9 75.02 887. 2

x̄ 
∑Ax
∑A

 75.02
40.9  1. 834 in. Iy  887.2 in.4

ry 
Iy
A  887.2

40.9  4. 657 in. rx  5.17 in., ry  4.66 in.

(b) KL
r  30  12

4.657  77. 3  200

Fe  2E
KL/r2  229000

77.32  47. 9 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  77.3

∴ Fcr  0.658Fy/Fe Fy  0.65850/47.950  32. 3 ksi

Pn  FcrAg  32.340.9  1321 kips

LRFD:

cPn  0.901321  1190 kips cPn  1190 kips
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ASD:

Pn/c  1321/1.67  791 kips Pn/c  791 kips

4.9-10

Check width-thickness ratio. From AISC Table B4.1a,

0.45 E
Fy

 0.45 29,000
36  12. 77

b
t  8

0.75  10. 67  12.77 (OK)

Flexural buckling strength about the x axis (this is the axis of no symmetry):

KL
rx

 20  12
2.55  94. 12  200 (OK)

Fe  2E
KL/r2  229000

94.122  32. 31 ksi

4.71 E
Fy

 4.71 29000
50  113. 4  94.96

∴ Fcr  0.658Fy/Fe Fy  0.65836/32.3136  22. 58 ksi

Ag  2  8.49  16. 98 in.2

Pn  FcrAg  22.5816.98  383. 4 kips

Flexural-torsional buckling strength about the y axis (the axis of symmetry):

a  20  12
3 spaces

 80 in.

a
ri

 80
0.850  94. 12  3

4 154.8  116. 1 (OK)

Since a/ri  40,

KL
r m

 KL
r 0

2
 Kia

ri

2
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KL
r 0

 KL
ry

 20  12
1.55  154. 8

Kia
ri

 0.580
0.850  47. 06

KL
r m

 154.82  47.062  161. 8

Compute Fcry using AISC E3. From AISC Equation E3-4,

Fe  2E
KL/r2  2E

KyL/ry2  229000
161.82  10. 93 ksi

Since KyL/ry  4.71 E
Fy

 113,

Fcry  0.877Fe  0.87710.93  9. 586 ksi

Fcrz  GJ
Agr̄o

2  112002  1.61
16. 983.932  137. 5 ksi

Fcry  Fcrz  9.586  137.5  147. 1 ksi

Fcr 
Fcry  Fcrz

2H 1 − 1 − 4FcryFcrzH
Fcry  Fcrz2

 147.1
20.575 1 − 1 − 49.586137.50.575

147.12  9. 298 ksi

Pn  FcrAg  9.29816.98  157. 9 kips

The flexural-torsional buckling strength controls; Pn  157.9 kips

Design strength: cPn  0.90157.9  142 kips

Allowable strength: Pn/c  157.9/1.67  94.6 kips

4.9-11

(a) Pu  1.2D  1.6L  1.290  1.6260  524 kips

KxL  KyL  0.6515.33  9. 965 ft
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From the column load tables, for KL  10 ft,

Try 2L8  6  3
4 , cPn  527 kips (y axis controls), w  67.6 lb/ft

Determine the number of intermediate connectors. To obtain the tabulated strength for
the y axis, 2 intermediate connectors must be used. For the x axis, from AISC E4,

Ka
ri
≤ 3

4
KL
r

where KL/r is the controlling slenderness ratio for the member.

a  spacing  15.33  12
n  1

ri  rz  1.29 in., Ka
ri

 15.33  12
n  11.29

The larger slenderness ratio for the member is

KyL
ry

 0.6515.33  12
2.47  48. 41

For Ka
ri
≤ 3

4
KL
r ,

15.33  12
n  11.29 ≤

3
4 48.41  n ≥ 2.93, use 3.

Use 2L8  6  3
4 with 3 intermediate connectors

(b) Pa  D  L  90  260  350 kips

KxL  KyL  0.6515.33  9. 965 ft

From the column load tables, for KL  10 ft,

Try 2L8  6  3
4 , Pn/c  351 kips (y axis controls), w  67.6 lb/ft

Determine the number of intermediate connectors. To obtain the tabulated strength for
the y axis, 2 intermediate connectors must be used. For the x axis, from AISC E4,

Ka
ri
≤ 3

4
KL
r

where KL/r is the controlling slenderness ratio for the member.
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a  spacing  15.33  12
n  1

ri  rz  1.29 in., Ka
ri

 15.33  12
n  11.29

The larger slenderness ratio for the member is

KyL
ry

 0.6515.33  12
2.47  48. 41

For Ka
ri
≤ 3

4
KL
r ,

15.33  12
n  11.29 ≤

3
4 48.41  n ≥ 2.93, use 3.

Use 2L8  6  3
4 with 3 intermediate connectors

4.9-12

Pa  280 kips

KxL  KyL  0.821  16. 8 ft

From the column load tables, for KL  16.8 ft,

Try WT9  53

Pn
n

 297 kips  280 kips (OK - y axis controls)

Use a WT9  53

4.9-13

Reaction 
∑P

2  11  8
2  44 kips

Consider the joint at the right support:
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R = 66 k

F    arctan( ) .9 54 9 462

∑Fy  44 − F sin9.462°  0  F  268 kips

(This is the maximum force in the top chord.)

KxL  KyL  9
cos9.462°  9.124 ft.

From the column load tables, for KL  9.124 ft,

Try 2L8  6  5
8 LLBB, Pn/c  286 kips (y axis controls), w  57.0 lb/ft

Determine the number of intermediate connectors. To obtain the tabulated strength for
the y axis, 2 connectors must be used. For the x axis, from AISC E4,

Ka
ri
≤ 3

4
KL
r

where KL/r is the controlling slenderness ratio for the member.

a  spacing  9.124  12
n  1

ri  rz  1.29 in., Ka
ri

 9.124  12
n  11.29

The larger slenderness ratio for the member is

KxL
rx

 1.09.124  12
2.45  44. 69

For Ka
ri
≤ 3

4
KL
r ,

9. 124  12
n  11.29 ≤

3
4 44.69  n ≥ 1.53, 2 required for the x axis.

Use 2L8  6  5
8 LLBB with 2 intermediate connectors
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CHAPTER 5 - BEAMS

5.2-1

(a) Flange area = 0.5(16) = 8.0 in.2 Halfweb area= (1/4)(10) = 2. 5 in.

From mid-depth of the cross section,

8.0(10+ 0.25)+ 2.5(10/2) =Qn
y 8.0 + 2.5 in.

Z=£..a= (8.0 +2.5)(2x9.0)= 189.0 in.3

Mp = FyZ= 50(189) = 9450 in-kips = 788 ft-kips

Z= 189 in.3, Mp = 788 ft-kips

(b) Moment of inertia:

l- Component I + Ad2

topfl 8.00 0.1667 10.25 840.7

web 5.00 167 0.000 167.0

botfl 8.00 0.1667 10.25 840.7

Sum 21.00 1848

c_ 1 _ 1848 _ 176 oin3
i_ c ~ 10 + 0.5 " 176-0,n-

My = FyS = 50(176.0) = 8800 in.-kips = 733 ft-kips

S= 176in.3, My = 733 ft-kips

5.2-2

(a) Area above PNA = Area below PNA

3(22) + (y - 3)(l/2) = (3 + 66 - j>)(l/2) + 3(16)

[5-1]

y= 18

j>= 18 in.
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CHAPTER 6 - BEAM-COLUMNS

6.2-1

(a) LRFD solution:

From the column load tables, the compressive design strength of a W12  106 with
Fy  50 ksi and KyL  1.0  14  14 feet is

cPn  1130 kips

From the design charts in Part 3 of the Manual, for Lb  14 ft and Cb  1.0,

bMn  597 ft-kips (Since the bending moment is uniform, Cb  1.0. 

The factored axial compressive load is

Pu  1.2PD  1.6PL  1.20.5  250  1.60.5  250  350.0 kips

The factored bending moment is

Mu  1.2MD  1.6ML  1.20.5  240  1.60.5  240  336.0 ft-kips

Determine which interaction equation controls:
Pu
cPn

 350
1130  0.3097  0.2 ∴ use Equation 6.3 (AISC Equation H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 350
1130  8

9
336
597  0

 0.810  1.00 (OK)

This member satisfies the AISC Specification

(b) ASD solution:

From the column load tables, the allowable compressive strength of a W12  106 with
Fy  50 ksi and KyL  1.0  14  14 feet is

Pn
c

 755 kips

From the design charts in Part 3 of the Manual, for Lb  14 ft and Cb  1.0,

Mn
b

 398 ft-kips (Since the bending moment is uniform, Cb  1.0. 

The total axial compressive load is Pa  250 kips

Determine which interaction equations controls:
Pa

Pn/c
 250

755  0.3311  0.2 ∴ use Equation 6.5 (AISC Equation H1-1a)

[6-1]
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Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 250

755  8
9

240
398  0

 0.867  1.0 (OK)

This member satisfies the AISC Specification

6.2-2

Compute the compressive strength (this shape is not in the column load tables).

For a W18  97, Ag  28.5 in.2, ry  2.65 in., and the shape is not slender (no
footnote).

KL
ry

 1.020  12
2.65  90. 57  200 (OK)

Fe  2E
KL/r2  229000

90.572  34. 89 ksi

4.71 E
Fy

 4.71 29000
50  113. 4

Since KL/r  90.57  113.4, use AISC Eq. E3-2.

Fcr  0.658Fy/Fe Fy  0.65850/34.8950  27. 45 ksi

Pn  FcrAg  27.4528.5  782. 3 kips

(a) cPn  0.90782.3  704. 1 kips

From the beam design charts in Part 5 of the Manual, for Lb  20 ft,

bMn  639 ft-kips for Cb  1.

For this case , Cb  1.14 (Figure 5.15, textbook). For Cb  1.14,

bMn  1.14  639  728. 5 ft-kips  bMp  791 ft-kips

Factored axial load  Pu  1.2D  1.6L  1.210  1.620  44.0 kips
Pu
cPn

 44.0
704.1  6. 249  10−2  0.2∴ use Eq. 6.4 (AISC Eq. H1-1b):

Pu
2cPn

 Mux
bMnx


Muy
bMny

 44.0
2704.1 

Mux
728.5  0  1.0

Mux  705.7 ft-kips

Let 1
8 wuL2  Mux : 1

8 wu202  705.7  wu  14.11 kips/ft

wu  1.2wD  1.6wL

[6-2]
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14.11  1.20.097  1.6wL, wL  7.52 kips/ft

(b) Pn
c

 782.3
1.67  468. 4 kips

From the beam design charts in Part 5 of the Manual, for Lb  20 ft,
Mn
b

 426 ft-kips for Cb  1.

For this case , Cb  1.14 (Figure 5.15, textbook). For Cb  1.14,

Mn
b

 1.14  426  485. 6 ft-kips  Mp
b

 526 ft-kips

Axial load  Pa  D  L  10  20  30 kips
Pa

Pn/c
 30

468.4  6. 405  10−2  0.2

∴ use Equation 6.6 (AISC Equation H1-1b)

Pa
2Pn/c

 Max
Mnx/b


May

Mny/b
 30

2468.4 
Max

485.6  0  1.0

Max  470.0 ft-kips

Let 1
8 waL2  Max : 1

8 wa202  470.0  wa  9.4 kips/ft

wD  wL  0.097  wL  9.4 wL  9.30 kips/ft

6.6-1

In the plane of bending,

Pe1  2EI∗
K1L2  20.8EIx

KxL2  20.829000933
1.0  14  122  7569 kips

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 240
240  1.0

(a) LRFD solution:

Pu  1.2PD  1.6PL  1.20.25  250  1.60.75  250  375.0 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 1.0

1 − 375/7569
 1. 052

B1  1.05

[6-3]
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(b) ASD solution: Pa  250 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.60250/7569

 1. 056 B1  1.06

6.6-2

In the plane of bending,

Pe1  2EI
K1L2  2EIx

KxL2  2290001750
1.0  20  122  8696 kips

Cm  1.0

(a) LRFD solution:

Pu  1.2PD  1.6PL  1.210  1.620  44.0 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 1.0

1 − 44.0/8696
 1. 01

B1  1.01

(b) ASD solution: Pa  10  20  30.0 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.6030.0/8696

 1. 01

B1  1.01

6.6-3

KxL  1.014  14 ft, KyL  1.014  14 ft.

(a) LRFD solution:

From the column load tables, for KL  14 ft, cPn  1130 kips

From the design charts in Part 3 of the Manual, for Lb  14 ft and Cb  1.0,
bMn  642 ft-kips and bMp  646 ft-kips. For Cb  1.6,

bMn  1.6642  1027 ft-kips  bMp ∴ use bMn  bMp  646 ft-kips

Pu  1.2PD  1.6PL  1.20.33  340  1.60.67  340  499. 1 kips

Mnt  1.2MD  1.6ML  1.20.33  250  1.60.67  250  367.0 ft-kips

For the axis of bending, Cm  1.0 and

[6-4]
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Pe1  2EI
K1L2  2290001110

14  122  1. 126  104 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 1.0

1 − 499.1/11260
 1. 046

Mu  B1Mnt  B2Mℓt  1.046367  0  383. 9 ft-kips

Determine which interaction equation controls:
Pu
cPn

 499.1
1130  0.4417  0.2 ∴ use Equation 6.3 (AISC Equation H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.4417  8
9

383.9
646  0

 0.970  1.0 (OK)

This member satisfies the AISC Specification

(b) ASD solution:

From the column load tables, for KL  14 ft, Pn
c

 751 kips

From the design charts in Part 3 of the Manual, for Lb  14 ft and Cb  1.0,
Mn
b

 428 ft-kips and Mp
b

 430 ft-kips. For Cb  1.6,

Mn
b

 1.6428  684. 8 ft-kips  Mp
b

∴ use Mn
b


Mp
b

 430 ft-kips

Pa  340 kips, Mnt  250 ft-kips

For the axis of bending, Cm  1.0 and

Pe1  2EI
K1L2  2290001110

14  122  1. 126  104 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.60340/11260
 1. 051

Ma  B1Mnt  B2Mℓt  1.051240  0  252. 2 ft-kips

Determine which interaction equations controls:
Pa

Pn/c
 340

751  0.4527  0.2 ∴ use Equation 6.5 (AISC Equation H1-1a)

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.4527  8

9
252.2
430  0  0.974

 0.974  1.0 (OK)

This member satisfies the AISC Specification

[6-5]
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6.6-4

(a) LRFD solution:

The factored-load axial force is

Pu  1.2PD  1.6PL  1.20.30  120  1.60.70  120  177. 6 kips

The factored-load end moments are

Mtop  1.2MD  1.6ML  1.20.30  135  1.60.70  135

 199. 8 ft-kips

Mbot  1.2MD  1.6ML  1.20.30  67  1.60.70  67  99. 16 ft-kips

From the column load tables, for KL  16 ft, cPn  499 kips

From the beam design charts in Part 3 of the Manual, for Lb  16 ft and Cb  1.0,

bMn  283.5 ft-kips, bMp  324 ft-kips.

Compute Cb:

99.16 ft-k

24.42 ft-k

50.32 ft-k

125.1 ft-k

199.8 ft-k

4'

4'

4'

4'

A

B

C

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5199.8
2.5199.8  3125.1  450.32  324.42  2. 173

For Cb  2.173, bMn  2.173283.5  616 ft-kips

Since 616 ft-kips  bMp, use bMn  bMp  324 ft-kips

For the axis of bending,

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 99.16
199.8  0.4015

[6-6]
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Pe1  2EI
K1L2  2EIx

KxL2  229000475
0.9  16  122  4553 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 0.4015

1 − 177.6/4553

 0.4178  1.0∴ use B1  1.0

Mu  B1Mnt  B2Mℓt  1.0199.8  0  199. 8 ft-kips

Determine which interaction equation controls:
Pu
cPn

 177.6
499  0.3559  0.2

∴ use Equation 6.3 (AISC Equation H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.3559  8
9

199.8
324  0

 0.904  1.0 (OK)

This member satisfies the AISC Specification

(b) ASD solution:

From the column load tables, for KL  16 ft, Pn
c

 332 kips

From the design charts in Part 3 of the Manual, for Lb  16 ft and Cb  1.0,

Mn
b

 189 ft-kips and Mp
b

 216 ft-kips.

Compute Cb:

67 ft-k

16.5 ft-k

34 ft-k

84.5 ft-k

135 ft-k

4'

4'

4'

4'

A

B

C

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5135
2.5135  384.5  434  316.5  2. 173
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For Cb  2.173,

Mn
b

 2.173189  411 ft-kips  Mp
b

∴ use Mn
b


Mp
b

 216 ft-kips

Pa  120 kips, Mnt  135 ft-kips

For the axis of bending,

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 67
135  0.4015

Pe1  2EI
K1L2  2EIx

KxL2  229000475
0.9  16  122  4553 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 0.4015

1 − 1.60120/4553

 0.4192  1.0∴ use B1  1.0

Ma  B1Mnt  B2Mℓt  1.0135  0  135 ft-kips
Pa

Pn/c
 120

332  0.3614  0.2

∴ use Equation 6.5 (AISC Equation H1-1a)

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.3614  8

9
135
216  0

 0.917  1.0 (OK)

This member satisfies the AISC Specification

6.6-5

(a) LRFD solution:

Pu  1.220  1.620  56.0 kips,

Mnt  1.232.5  1.632.5  91.0 ft-kips

For the axis of bending,

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 91.5
91.5  1.0

Pe1  2EI
K1L2  2EIx

KxL2  229000171
10  122  3399 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 1.0

1 − 56.0/3399
 1. 017

Mu  B1Mnt  1.01791  92. 55 ft-kips

Compute the moment strength. For this loading, Cb  1.0. From the beam design

[6-8]
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charts with Lb  10 ft and Cb  1.0, bMn  134 ft-kips.

From the column load tables with KL  10 ft, cPn  330 kips.
Pu
cPn

 56.0
330  0.1697  0.2∴ use Equation 6.4 (AISC Eq. H1-1b):

Pu
2cPn

 Mux
bMnx


Muy
bMny

 56.0
2330 

92.55
134  0

 0.776  1.0 (OK)

Member is satisfactory.

(b) ASD solution: Pa  40 kips, Mnt  65 ft-kips

For the axis of bending,

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 65
65  1.0

Pe1  2EI
K1L2  2EIx

KxL2  229000171
10  122  3399 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.6040/3399
 1. 019

Ma  B1Mnt  1.01965  66. 24 ft-kips

Compute the moment strength. For this loading, Cb  1.0. From the beam design
charts with Lb  10 ft and Cb  1.0, Mn

b
 89.5 ft-kips.

From the column load tables with KL  10 ft, Pn
c

 220 kips.

Pa
Pn/c

 40
220  0.1818  0.2

∴ use Equation 6.6 (AISC Equation H1-1b)

Pa
2Pn/c

 Max
Mnx/b


May

Mny/b
 40

2220 
66.24
89.5  0

 0.831  1.0 (OK)

Member is satisfactory.

6.6-6

The factored-load axial force is Pu  285 kips

The factored-load end moments are

Mutop  120 ft-kips, Mubot  112 ft-kips
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From the column load tables, for KL  15 ft, cPn  525 kips

From the beam design charts in Part 3 of the Manual, for Lb  15 ft and Cb  1.0,

bMn  289.5 ft-kips, bMp  324 ft-kips.

Compute Cb:

120

62

4

54

112

A

B

C

3.75'

3.75'

3.75'

3.75'

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5120
2.5120  362  44  354  2. 259

For Cb  2.259, bMn  2.259289.5  654. 0 ft-kips

Since 654.0 ft-kips  bMp, use bMn  bMp  324 ft-kips

Determine which interaction equation controls:
Pu
cPn

 285
525  0.5429  0.2 ∴ use Equation 6.3 (AISC Equation H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.5429  8
9

120.0
324  0

 0.872  1.0 (OK)

This member satisfies the AISC Specification

6.6-7

(a) LRFD solution:

Pu  1.270  1.6170  356.0 kips

wu  1.21.5  1.63.5  7. 4 kips/ft

Qu  1.27  1.618  37. 2 kips
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Mnt  1
8 wuL2  QuL

4  1
8 7.4162  37.216

4  385. 6 ft-kips

Compute the moment strength. From the beam design charts, for Lb  8 ft,

bMn  bMp  551 ft-kips. (Lb  Lp

Compute the amplified moment. Use Cm  1.0.

Pe1  2EI
K1L2  2EIx

KxL2  229000716
16  122  5559 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 1.0

1 − 356/5559
 1. 068

Mu  B1Mnt  B2Mℓt  1.068385.6  0  411. 8 ft-kips

Compressive strength: KyL  8 ft, KxL  16 ft,
KxL
rx/ry

 16
1.74  9. 195 ft  8 ft.

From the column load tables, for KL  9.195 ft, cPn  1304 kips
Pu
cPn

 356
1304  0.2730  0.2∴ use Eq. 6.3 (AISC Eq. H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.2730  8
9

411.8
551  0

 0.937  1.0 (OK)

Member is satisfactory.

(b) ASD solution:

Pa  70  170  240 kips, wa  1.5  3.5  5.0 kips/ft, Qa  7  18 
25 kips

Mnt  1
8 waL2  QaL

4  1
8 5.0162  2516

4  260.0 ft-kips

Compute the moment strength. From the beam design charts, for Lb  8 ft,

Mn
b


Mp
b

 367 ft-kips. (Lb  Lp

Compute the amplified moment. Use Cm  1.0.

Pe1  2EI
K1L2  2EIx

KxL2  229000716
16  122  5559 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.60240/5559
 1. 074

Ma  B1Mnt  B2Mℓt  1.074260.0  0  279. 2 ft-kips
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Compressive strength: KyL  8 ft, KxL  16 ft,
KxL
rx/ry

 16
1.74  9. 195 ft  8 ft.

From the column load tables, for KL  9.195 ft, Pn
c

 870.3 kips

Pa
Pn/c

 240
870.3  0.2758  0.2

∴ use Equation 6.5 (AISC Equation H1-1a)

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.2758  8

9
279.2
367  0

 0.952  1.0 (OK)

Member is satisfactory.

6.6-8

This shape is not in the column load tables, so the axial compressive strength must be
computed. Also, the footnote in the dimensions and properties table indicates that a
W33  118 is slender for compression. First, compute the flexural buckling strength.

Maximum KL
r  KL

ry
 1.011  12

2.32  56. 90  200 (OK)

4.71 E
Fy

 4.71 29000
50  113. 4

Since 56.90  113.4, use AISC Equation E3-2.

Fe  2E
KL/r2  229000

56.902  88. 40 ksi

Fcr  0.658Fy/Fe Fy  0.65850/88.4050  39. 46 ksi

The nominal strength is

Pn  FcrAg  39.4634.7  1369 kips

Check width-thickness ratios. From the dimensions and properties table in the Manual,
the width-thickness ratio of the web is

h
tw

 54.5

From AISC Table B4.1, case 10 (and Figure 4.9 in this book), the upper limit for
nonslender elements is

1.49 E
Fy

 1.49 29000
50  35. 88
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Since h
tw

 1.49 E
Fy

, the web is slender.

For the flange,

bf
2tf

 7.76  0.56 E
Fy

 0.56 29000
50  13. 49∴ flange is not slender

Because the web is a stiffened element, Qs  1.0, and Qa must be computed from
AISC Section E7.2. AISC E7.2(a) applies, provided that

b
t ≥ 1.49 E

f

where b/t is the generic notation for the width-thickness ratio and f  Fcr computed
with Q  1.0. From the flexural buckling strength computations above, Fcr  39.46
ksi.

1.49 E
f  1.49 29000

39.46  40. 39

Since b
t ≥ 1.49 E

f , local buckling must be considered. From AISC Equation E7-17,

the reduced width of the web is

be  1.92t E
f 1 − 0.34

b/t
E
f ≤ b

 1.920.550 29000
39.46 1 − 0.34

54.5
29000
39.46  23. 79 in.

Unreduced width is

b  d − 2kdes  32.9 − 21.44  30. 02 in.

Reduced area is

Ae  Ag − twb − be  34.7 − 0.55030.02 − 23.79  31. 27 in.2

Qa 
Ae
Ag

 31.27
34.7  0.9012

Q  QsQa  1.00.9012  0.9012

4.71 E
QFy

 4.71 29000
0.901250  119. 5

KL
r  56.90  119.5 ∴ use AISC Equation E7-2.

Fcr  Q 0.658
QFy
Fe Fy
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 0.9012 0.658
0.901250

88.40 50  36. 40 ksi

The nominal strength is

Pn  FcrAg  36.4034.7  1263 kips ∴ web local buckling controls.

(a) LRFD solution:

cPn  0.901263  1137 kips

The factored-load axial force is

Pu  1.2PD  1.6PL  1.20.6  625  1.60.4  625  850.0 kips

The factored-load end moments are

Mtop  1.2MD  1.6ML  1.20.6  195  1.60.4  195  265. 2 ft-kips

Mbot  1.2MD  1.6ML  1.20.6  225  1.60.4  225  306.0 ft-kips

From the beam design charts in Part 3 of the Manual, for Lb  11 ft and Cb  1.0,

bMn  1443 ft-kips, bMp  1560 ft-kips.

Compute Cb:

306.0 ft-k

295.8 ft-k

285.6 ft-k

275.4 ft-k

265.2 ft-k
2.75'

2.75'

2.75'

2.75'

A

B

C

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5306.0
2.5306.0  3275.4  4285.6  3295.8  1. 056

For Cb  1.056, bMn  1.0561443  1524 ft-kips  bMp  1560 ft-kips.

For the axis of bending,

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 265.2
306.0  0.9467
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Pe1  2EI
K1L2  2EIx

KxL2  2290005900
11  122  9. 692  104 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 0.9467

1 − 850/96920

 0.955  1.0∴ use B1  1.0

Mu  B1Mnt  B2Mℓt  1.0306  0  306 ft-kips
Pu
cPn

 850
1137  0.7476  0.2

∴ use Equation 6.3 (AISC Equation H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.7476  8
9

306
1524  0  0.9261

 0.926  1.0 (OK)

This member satisfies the AISC Specification

(b) ASD solution:

Pa  625 kips, Mtop  195 ft-kips, Mbot  225 ft-kips
Pn
c

 1263
1.67  756. 3 kips

From the design charts in Part 3 of the Manual, for Lb  11 ft and Cb  1.0,

Mn
b

 962 ft-kips and Mp
b

 1040 ft-kips.

Compute Cb:

225 ft-k

217.5 ft-k

210 ft-k

202.5 ft-k

195
2.75'

2.75'

2.75'

2.75'

A

B

C

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5225
2.5225  3202.5  4210  3217.5  1. 056
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For Cb  1.056,

Mn
b

 1.056962  1016 ft-kips  Mp
b

For the axis of bending,

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 195
225  0.9467

Pe1  2EI
K1L2  2EIx

KxL2  2290005900
11  122  9. 692  104 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 0.9467

1 − 1.60625/96920

 0.9566  1.0∴ use B1  1.0

Ma  B1Mnt  B2Mℓt  1.0225  0  225 ft-kips

Determine which interaction equations controls:
Pa

Pn/c
 625

756. 3  0.8264  0.2

∴ use Equation 6.5 (AISC Equation H1-1a)

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.8264  8

9
225
1016  0

 1.02  1.0 (N.G.)

This member does not satisfy the AISC Specification.

6.6-9

(a) LRFD Solution:

The service load moments at each end are

MD  0.33150  49. 50 ft-kips and ML  0.67150  100. 5 ft-kips

The factored-load moment at each end is

1.2MD  1.6ML  1.249.50  1.6100.5  220. 2 ft-kips

For the axis of bending,

Pe1  2EI
K1L2  2EIx

KxL2  229000662
1.0  15  122  5848 kips

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 220.2
220.2  0.2
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B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.0Pu/Pe1
 0.2

1 − Pu/5848

Assume B1  1.0 and check it later.

∴ Mux  B1Mnt  1.0220.2  220. 2 ft-kips

Compute the moment strength. From the beam design charts with Lb  15 ft,

bMn  424 ft-kips for Cb  1.0, and bMp  446 ft-kips

From Figure 5.15e in the textbook, Cb  2.27.

For Cb  2.27, bMn  2.27424  962.5 ft-kips

Since 962.5 ft-kips  bMp, use bMn  bMp  446 ft-kips

Determine the axial compressive design strength. From the column load tables with
KL  15 ft,

cPn  809 kips

Assume that Pu
cPn

 0.2 and use Equation 6.3 (AISC Eq. H1-1a):

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

≤ 1.0

Let Pu
809  8

9
220.2
446  0  1.0, Solution is: Pu  454.0

Check assumptions.
Pu
cPn

 454.0
809  0.2 (OK)

B1 
Cm

1 − 1.0Pu/Pe1
 0.2

1 − 454.0/5848
 0.217  1.0

∴use B1  1.0 (as assumed; OK)

Let 1.2D  1.6L  Pu

1.20.33P  1.60.67P  454.0, Solution is: P  309.3

P  309 kips

(b) ASD solution:

For the axis of bending,

Pe1  2EI
K1L2  2EIx

KxL2  229000662
1.0  15  122  5848 kips

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 150
150  0.2
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B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 0.2

1 − 1.60Pa/5848

Assume B1  1.0 and check it later.

∴ Mr  Max  B1Mnt  1.0150  150 ft-kips

Compute the moment strength. From the beam design charts with Lb  15 ft,

Mn
b

 282 ft-kips for Cb  1.0, and Mp
b

 297 ft-kips

From Figure 5.15e in the textbook, Cb  2.27.

For Cb  2.27, Mn
b

 2.27282  640. 1 ft-kips

Since 640.1 ft-kips  Mp
b

, use Mn
b


Mp
b

 297 ft-kips

From the column load tables with KL  15 ft, Pn/c  538 kips

Assume that Pa
Pn/c

 0.2 and use Equation 6.5 (AISC Eq. H1-1a):

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
≤ 1.0

Let Pa
538  8

9
150
297  0  1.0, Solution is: Pa  296

Check assumptions.
Pa

Pn/c
 296

538  0.2 (OK)

B1 
Cm

1 − 1.60Pa/Pe1
 0.2

1 − 1.60296/5848  0.218  1.0

∴use B1  1.0 (as assumed; OK) P  296 kips

6.6-10

(a) LRFD solution:

Pu  1.20.25  66  1.60.75  66  99.0 kips

Qu  1.20.25  6  1.60.75  6  9.0 kips

Mnt 
QuL

4  912
4  27.0 ft-kips

Compute the moment strength. From the beam design charts, for Lb  12 ft and
Cb  1,

bMn  71 ft-kips, bMp  86.6 ft-kips
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For Cb  1.32 (Fig. 5.15 in the textbook),

bMn  1.3271  93. 72 ft-kips  bMp ∴ use bMn  bMp  86.6 ft-kips

Compute the amplified moment. Use Cm  1.0.

Pe1  2EI
K1L2  2EIx

KxL2  22900082.7
12  122  1142 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 1.0

1 − 99.0/1142
 1. 095

Mu  B1Mnt  B2Mℓt  1.09527.0  0  29. 57 ft-kips

Compressive strength: A W8  24 is not in the column load tables, so its axial
compressive strength must be computed. The shape is not slender for compression (no
footnote).

Maximum KL
r  KL

ry
 1.012  12

1.61  89. 44  200 (OK)

4.71 E
Fy

 4.71 29000
50  113. 4

Since 89.44  113.4, use AISC Equation E3-2.

Fe  2E
KL/r2  229000

89.442  35. 78 ksi

Fcr  0.658Fy/Fe Fy  0.65850/35.7850  27. 86 ksi

The nominal strength is Pn  FcrAg  27.867.08  197. 2 kips

cPn  0.90197.2  177. 5 kips
Pu
cPn

 99.0
177.5  0.5577  0.2∴ use Eq. 6.3 (AISC Eq. H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.5577  8
9

29.57
86.6  0

 0.861  1.0 (OK)

Member is satisfactory.

(b) ASD solution:

Pa  66 kips, Mnt 
QaL

4  612
4  18 ft-kips

Compute the moment strength. From the beam design charts, for Lb  12 ft,

Mn
b

 47.5 ft-kips, Mp
b

 57.6 ft-kips

For Cb  1.32 (Fig. 5.15 in the textbook),
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Mn
b

 1.3247.5  62. 7 ft-kips  Mp
b
∴ use Mn

b


Mp
b

 57.6 ft-kips

Compute the amplified moment. Use Cm  1.0.

Pe1  2EI
K1L2  2EIx

KxL2  22900082.7
12  122  1142 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.6053/1142
 1. 08

Ma  B1Mnt  B2Mℓt  1.0818  0  19. 44 ft-kips

Compressive strength: A W8  24 is not in the column load tables, so its axial
compressive strength must be computed. From part (a),

Pn  197. 2 kips  Pn
c

 197.2
1.67  118. 1 kips

Pa
Pn/c

 66
118.1  0.4488  0.2

∴ use Equation 6.5 (AISC Equation H1-1a)

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.4488  8

9
19.44
57.6  0

 0.749  1.0 (OK)

Member is satisfactory.

6.6-11

Pu  602 kips

Mntx  Mux  420 ft-kips

Mnty  Muy  150 ft-kips

From the Zx Table, Lp  14.1 ft  Lb  13 ft, therefore the moment strength is

bMnx  bMpx  975 ft-kips

From the Zy table, bMny  bMpy  499 ft-kips.

Determine the compressive strength. For KL  1.013  13 feet, the axial
compressive design strength from the column load tables is cPn  1720 kips.

Pu
cPn

 602
1720  0.35  0.2 ∴ use Equation 6.3 (AISC Equation H1-1a)
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Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.35  8
9

420
975  150

499

 1.00 (OK)

The W14  145 is adequate.

6.6-12

(a) LRFD solution:

Pu  1.220/2  1.620/2  28.0 kips

Qu  1.240/2  1.640/2  56.0 kips

wu  1.2wD  1.6wL  1.20.060  0.072 kips/ft

Mntx 
4/5QuL

4  wuxL2

8  4/556.012
4  0.072122

8
 135. 7 ft-kips

Mnty 
3/5QuL

4  3/556.012
4  100. 8 ft-kips

Strong-axis bending strength. From the beam design charts, for Lb  12 ft and Cb  1,

bMnx  309 ft-kips, bMpx  320 ft-kips

For Cb  1.32 (Fig. 5.15 in the textbook),

bMnx  1.32309  407. 9 ft-kips  bMpx

∴ use bMnx  bMpx  320 ft-kips

Weak-axis bending strength: From the Zy tables, bMny  bMpy  150 ft-kips

Compute the amplified moments. Use Cmx  Cmy  1.0.

Pe1x 
2EIx

K1L2  2EIx

KxL2  229000394
12  122  5438 kips

B1x 
Cmx

1 − Pr/Pe1x
 Cmx

1 − 1.00Pu/Pe1x
 1.0

1 − 28.0/5438
 1. 005

Mux  B1Mntx  B2Mℓtx  1.005135.7  0  136. 4 ft-kips

Pe1y 
2EIy

K1L2 
2EIy

KyL2  229000134
12  122  1850 kips

B1y 
Cmy

1 − Pr/Pe1y


Cmy

1 − 1.00Pu/Pe1y
 1.0

1 − 28.0/1854
 1. 015

Muy  B1Mnty  B2Mℓty  1.015100.8  0  102. 3 ft-kips
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Compressive strength: From the column load tables, for a W10  68 with KL  12 ft,

cPn  714 kips
Pu
cPn

 28.0
714  3. 922  10−2  0.2∴ use Eq. 6.4 (AISC Eq. H1-1b)

Pu
2cPn

 Mux
bMnx


Muy
bMny

 0.03922
2  136.4

320  102.3
150

 1. 13  1.0 (N.G.)

Member is unsatisfactory.

(b) ASD Solution

Pa  20 kips, Qa  40 kips

wa  wD  0.060 kips/ft

Mntx 
4/5QaL

4  waxL2

8  4/54012
4  0.060122

8  97. 08 ft-kips

Mnty 
3/5QaL

4  3/54012
4  72.0 ft-kips

Strong-axis bending strength. From the beam design charts, for Lb  12 ft and Cb  1,

Mnx
b

 206 ft-kips, Mpx
b

 320 ft-kips

For Cb  1.32 (Fig. 5.15 in the textbook),

Mnx
b

 1.32206  271. 9 ft-kips  Mpx
b

∴ use Mnx
b

 271.9 ft-kips

Weak-axis bending strength: From the Zy tables, Mny
b


Mpy
b

 100 ft-kips

Compute the amplified moments. Use Cmx  Cmy  1.0.

Pe1x 
2EIx

K1L2  2EIx

KxL2  229000394
12  122  5438 kips

B1x 
Cmx

1 − Pr/Pe1x
 Cmx

1 − 1.60Pa/Pe1x
 1.0

1 − 1.6020/5438  1. 006

Max  B1Mntx  B2Mℓtx  1.00697.08  0  97. 66 ft-kips

Pe1y 
2EIy

K1L2 
2EIy

KyL2  229000134
12  122  1850 kips

B1y 
Cmy

1 − Pr/Pe1y


Cmy

1 − 1.60Pa/Pe1y
 1.0

1 − 1.6020/1850  1. 018

May  B1Mnty  B2Mℓty  1.01872.0  0  73. 30 ft-kips
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Find the compressive strength. For KL  12 feet, the axial compressive strength from
the column load tables is Pn

c
 475 kips.

Check the interaction formula:
Pa

Pn/c
 20

475  4. 211  10−2  0.2

∴ use Equation 6.6 (AISC Equation H1-1b)

Pa
2Pn/c

 Max
Mnx/b


May

Mny/b
 0.04211

2  97.66
271.9  73.30

100

 1.11  1.0 (N.G.)

Member is unsatisfactory.

6.6-13

Since a W21  93 is not in the column load tables, the axial compressive design
strength must be computed.

Maximum KL
r  KL

ry
 0.6520  12

1.84  84. 78

Fe  2E
KL/r2  229000

84.782  39. 82 ksi

4.71 E
Fy

 4.71 29000
50  113. 4

Since KL/r  84.78  113.4, use AISC Eq. E3-2.

Fcr  0.658Fy/Fe Fy  0.65850/39.8250  29. 56 ksi

Pn  FcrAg  29.5627.3  807. 0 kips

(a) LRFD solution:

Pu  1.270  1.6200  404.0 kips

Maximum moment  Mnt 
QuL

8  1.6Q20
8  4Q

Determine the moment strength. From the beam design charts, for Lb  20 ft and
Cb  1,

bMn  534 ft-kips

Compute Cb:
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4Q

A

B

C

5 '

5 '

5 '

5 '

4Q

4Q

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.54Q
2.54Q  30  44Q  30  1. 923

For Cb  1.923,

bMn  1.923534  1027 ft-kips  bMp  829 ft-kips

∴ use bMn  bMp  829 ft-kips

Compute the amplified moment. Use Cm  1.0

Pe1  2EI
K1L2  2EIx

KxL2  2290002070
0.65  20  122  2. 435  104 kips

B1x 
Cmx

1 − Pr/Pe1x
 Cmx

1 − 1.00Pu/Pe1x
 1.0

1 − 404/24350
 1. 017

Mu  B1Mnt  B2Mℓt  1.0174Q  0  4. 068Q ft-kips
Pu
cPn

 404
0.90807  0.5562  0.2∴ use Eq. 6.3 (AISC Eq. H1-1a)

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.5562  8
9

4.068Q
829  0

Let

0.5562  8
9

4.068Q
829  0  1, Solution is: Q  101. 7

Maximum Q  102 kips

(b)

Pa  D  L  70  200  270 kips
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Maximum moment  Mnt 
QaL

8  Q20
8  2. 5Q

Determine the moment strength. From the beam design charts, for Lb  20 ft and
Cb  1,

Mn
b

 356 ft-kips

Compute Cb:

2.5Q

A

B

C

5 '

5 '

5 '

5 '

2.5Q

2.5Q

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.52.5Q
2.52.5Q  30  42.5Q  30  1. 923

For Cb  1.923,

Mn
b

 1.923356  684. 6 ft-kips  Mp
b

 551 ft-kips

∴ use Mn
b


Mp
b

 551 ft-kips

Compute the amplified moment. Use Cm  1.0

Pe1  2EI
K1L2  2EIx

KxL2  2290002070
0.65  20  122  2. 435  104 kips

B1x 
Cmx

1 − Pr/Pe1x
 Cmx

1 − 1.60Pa/Pe1x
 1.0

1 − 1.60270/24350

 1. 018

Ma  B1Mnt  B2Mℓt  1.0182.5Q  0  2. 545Q ft-kips
Pa

Pn/c
 270

807/1.67  0.5587  0.2∴ use Eq. 6.3 (AISC Eq. H1-1a)
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Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.5587  8

9
2.545Q

551  0

Let

0.5587  8
9

2.545Q
551  0  1, Solution is: Q  107. 5

Maximum Q  108 kips

6.7-1

Determine the axial compressive design strength. Use Kx for the unbraced condition.

KxL
rx/ry

 1.714
2.44  9. 754 ft  KyL  14 ft

From the column load tables with KL  14 ft, cPn  701 kips
Pu
cPn

 400
701  0.5706  0.2∴ use Eq. 6.3 (AISC Eq. H1-1a).

Check the braced condition first. For the axis of bending,

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 24
45  0.3867

Pe1  2EI
K1L2  2EIx

KxL2  229000795
1.0  14  122  8062 kips

B1x 
Cmx

1 − Pr/Pe1x
 Cmx

1 − 1.00Pu/Pe1x
 0.3867

1 − 400/8062

 0.407  1.0 ∴ use B1  1.0

Sway condition: use

B2  1
1 − Pstory

Pe story

 1
1 − 1.006000

40000

 1. 176

The total amplified moment at the top is

Mu top  B1Mnt  B2Mℓt  1.045  1.17640  92. 04 ft-kips

The total amplified moment at the bottom is

Mu bot  1.024  1.17695  135. 7 ft-kips

Use Mu  135.7 ft-kips. Compute the moment strength. From the beam design charts
with Lb  14 ft,

bMn  431 ft-kips for Cb  1.0 and bMp  472 ft-kips
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Using the total amplified moment, compute Cb:

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5135.7
2.5135.7  335.11  421.83  378.77  2. 208

For Cb  2.208, bMn  2.208431  951.7 ft-kips

Since 951.7 ft-kips  bMp, use bMn  bMp  472 ft-kips

Eq. 6.3 (AISC Eq. H1-1a):

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.5706  8
9

135.7
472  0

 0.826  1.0 (OK)

Member is satisfactory.

6.7-2

(a) LRFD solution

Determine the axial compressive design strength. Use Kx for the unbraced condition.

KxL
rx/ry

 1.216
2.44  7. 869 ft  KyL  16 ft

From the column load tables with KL  16 ft, cPn  697 kips

Check load combination 2. For the braced condition,

Pnt  1.2PD  1.6PL  1.2120  1.6240  528.0 kips

Mnttop  1.215  1.640  82.0 ft-kips

Mntbot  1.218  1.648  98. 4 ft-kips

For the axis of bending, Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 82.0
98.4  0.2667

Pe1 
2EIx

K1L2  2EIx

KxL2  229000881
0.85  16  122  9467 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.00Pu/Pe1
 0.2667

1 − 528/9467

 0.2825  1.0 ∴ use B1  1.0

Mu  B1Mnt  B2Mℓt  1.098.4  0  98. 4 ft-kips

Compute the moment strength. From the beam design charts with Lb  16 ft,
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bMn  462 ft-kips for Cb  1.0 and bMp  521 ft-kips

Compute Cb:

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.598.4
2.598.4  336.9  48.20  353.3  2. 239

For Cb  2.239,bMn  2.239462  1034 ft-kips

Since 1034 ft-kips  bMp, use bMn  bMp  521 ft-kips
Pu
cPn

 528
697  0.7575  0.2∴ use Eq. 6.3 (AISC Eq. H1-1a).

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.7575  8
9

98.4
521  0

 0.925  1.0 (OK)

Check load combination 4: 1.2D  1.0W  0.5L

For the braced condition,

Pnt  1.2PD  0.5PL  1.2120  0.5240  264.0 kips

Mnttop  1.215  0.540  38.0 ft-kips

Mntbot  1.218  0.548  45. 6 ft-kips

For the sway condition, combination 4 is 1.0W.

Mℓttop  Mℓtbot  1.0W  130 ft-kips

Pℓt  1.0W  1.030  30 kips

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 38.0
45.6  0.2667

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.0Pnt  Pℓt/Pe1 

 0.2667
1 − 1.0264.0  30/9467  0.275  1.0 ∴ use B1  1.0

For the sway condition, for the axis of bending,

Pe2  2EI
K2L2  229000881

1.2  16  122  4750 kips

B2  1
1 − Pstory

Pe story

≈ 1
1 − Pnt

Pe2

 1
1 − 1.0264

4750

 1. 059

Mu  B1Mnt  B2Mℓt  1.045.6  1.059130  183. 3 ft-kips
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Pu  Pnt  B2Pℓt  264.0  1.05930  295. 8
Pu
cPn

 295.8
697  0.4244  0.2∴ use AISC Eq. H1-1a.

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.4244  8
9

183.3
521  0

 0.737  1.0 (OK)

(Load combination 2 controls.) Member is adequate.

(b) ASD solution

Determine the axial compressive design strength. Use Kx for the unbraced condition.

KxL
rx/ry

 1.216
2.44  7. 869 ft  KyL  16 ft

From the column load tables with KL  16 ft, Pn/c  464 kips

Check load combination 2. For the braced condition,

Pnt  PD  PL  120  240  360 kips

Mnttop  15  40  55 ft-kips

Mntbot  18  48  66 ft-kips

For the axis of bending, Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 55
66  0.2667

Pe1 
2EIx

K1L2  2EIx

KxL2  229000881
0.85  16  122  9467 kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 0.2667

1 − 1.60360/9467

 0.2840  1.0 ∴ use B1  1.0

Ma  B1Mnt  B2Mℓt  1.066  0  66 ft-kips

Pa  Pnt  B2Pℓt  360  0  360

Compute the moment strength. From the beam design charts with Lb  16 ft,

Mn
b

 308 ft-kips for Cb  1.0 and Mp
b

 347 ft-kips

For Cb  2.239 (see part a), Mn
b

 2.239308  689. 6 ft-kips

Since 689.6 ft-kips  Mp
b

, use Mn
b


Mp
b

 347 ft-kips

Pa
Pn/c

 360
464  0.7759  0.2 ∴ use Equation 6.5 (AISC Eq. H1-1a):
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Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.7759  8

9
66
347  0

 0.945  1.0 (OK)

Check load combination 6a: D  0.75L  0.750.6W

For the braced condition,

Pnt  PD  0.75PL  120  0.75240  300.0 kips
Pa

Pn/c
 300

464  0.6466  0.2∴ use Eq. 6.5 (AISC Eq. H1-1a).

Mnttop  15  0.7540  45.0 ft-kips

Mntbot  18  0.7548  54.0 ft-kips

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 45
54  0.2667

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 0.2667

1 − 1.60300/9467

 0.281  1.0 ∴ use B1  1.0

For the sway condition,

Mℓttop  Mℓtbot  0.750.6W  0.750.6130  58. 5 ft-kips

Pℓt  0.750.630  13. 5 kips

For the axis of bending,

Pe2  2EI
K2L2  229000881

1.2  16  122  4750 kips

B2  1
1 − Pstory

Pe story

≈ 1
1 − Pℓt

Pe2

 1
1 − 1.613.5

4750

 1. 005

Ma  B1Mnt  B2Mℓt  1.045.6  1.00558.5  104. 4 ft-kips

Pa  Pnt  B2Pℓt  300.0  1.00513.5  313. 6 kips
Pa

Pn/c
 313.6

464  0.6759  0.2∴ use Eq. 6.5 (AISC Eq. H1-1a).

Equation 6.5 (AISC Eq. H1-1a):

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.6759  8

9
104.4
347  0

 0.943  1.0 (OK)

Member is adequate.
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6.8-1

(a) LRFD solution

The factored axial load is

Pu  1.20.30  236  1.60.70  236  349. 3 kips

The factored moment is

Mntx  1.20.30  168  1.60.70  168  248. 6 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection.

Mux  B1xMntx  1.0248.6  248. 6 ft-kips

The effective length for compression and the unbraced length for bending are the same:

KL  Lb  15 ft.

From Table 6-1, Try a W12  79, with p  1.24  10−3 and bx  2.11  10−3.

Determine which interaction equation to use:

pPr  pPu  1.24  10−3349.3  0.4331  0.2 ∴ Equation 6.9 controls.

As a preliminary check (remember that B1 has not yet been computed and Cb has not
been accounted for)

pPr  bxMrx  byMry  pPu  bxMux  byMuy

 1.24  10−3349.3  2.11  10−3248.6  0

 0.958  1.0 (OK)

Calculate B1:

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 0
M2

 0.6

Pe1x 
2EIx
KxL2  229000662

15  122  5848 kips

B1x 
Cmx

1 − Pu
Pe1x

 0.6
1 − 349.3

5848
 0.638  1.0 ∴ B1x  1.0 as assumed

(Since this shape is adequate for Cb  1.0, the steps shown below, computation of the
actual value of Cb and an adjustment of bx, are not necessary.)

From Figure 5.15g, Cb  1.67. Modify bx to account for Cb.
bx
Cb

 2.11  10−3

1.67  1. 26  10−3
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For Lb  0,bx  1.99  10−3

Use bx  1.99  10−3 (the larger value)

Check Equation 6.9: p  1.24  10−3, bx  1.99  10−3

pPu  bxMux  byMuy  1.24  10−3349.3  1.99  10−3248.6

 0.928  1.0 (OK) Use a W12  79

(b) ASD Solution

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection.

Max  B1xMntx  1.0168  168 ft-kips

The effective length for compression and the unbraced length for bending are the same:

KL  Lb  15 ft.

From Table 6-1, Try a W12  79, with p  1.86  10−3 and bx  3.16  10−3.

Determine which interaction equation to use:

pPr  pPa  1.86  10−3236  0.4390  0.2 ∴ Equation 6.9 controls.

As a preliminary check (remember that B1 has not yet been computed and Cb has not
been accounted for),

pPr  bxMrx  byMry  pPa  bxMax  byMay

 1.86  10−3236  3.16  10−3168  0

 0.970  1.0 (OK)

Calculate B1:

Cmx  0.6 − 0.4 M1
M2

 0.6 − 0.4 0
M2

 0.6

Pe1x 
2EIx
KxL2  229000662

15  122  5848 kips

B1x 
Cmx

1 − 1.60Pa
Pe1x

 0.6
1 − 1.60236

5848

 0.6414  1.0 ∴ B1x  1.0 as

assumed

(Since this shape is adequate for Cb  1.0, the steps shown below, computation of the
actual value of Cb and an adjustment of bx, are not necessary.)

From Figure 5.15g, Cb  1.67. Modify bx to account for Cb.
bx
Cb

 3.16  10−3

1.67  1. 89  10−3
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For Lb  0,bx  2.99  10−3

Use bx  2.99  10−3 (the larger value)

Check Equation 6.9: p  1.86  10−3, bx  2.99  10−3

pPa  bxMax  byMay  1.86  10−3236  2.99  10−3168

 0.941  1.0 (OK) Use a W12  79

6.8-2

The factored axial load is

Pu  400 kips

The factored moments are

Mux (top)  182 ft-kips

Mux (bot)  140 ft-kips

The effective length for compression and the unbraced length for bending are the same:

KL  Lb  12 ft.

From Table 6-1, Try a W10  77, with p  1.23  10−3 and bx  2.50  10−3.

Determine which interaction equation to use:

pPr  pPu  1.23  10−3399  0.4908  0.2 ∴ Equation 6.9 controls.

As a preliminary check (remember that Cb has not been accounted for)

pPr  bxMrx  byMry  pPu  bxMux  byMuy

 1.23  10−3399  2.50  10−3182  0

 0.946  1.0 (OK)

(Since this shape is adequate for Cb  1.0, the steps shown below, computation of the
actual value of Cb and an adjustment of bx, are not necessary.)

Compute Cb and modify bx to account for Cb.

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5182
2.5182  3150.5  4161  3171.5  1. 102

bx
Cb

 2.50  10−3

1.102  2. 27  10−3

For Lb  0, bx  2.43  10−3
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Use bx  2.43  10−3 (the larger value)

Check Equation 6.9: p  1.23  10−3, bx  2.43  10−3

pPu  bxMux  byMuy  1.23  10−3399  2.43  10−3182

 0.933  1.0 (OK) Use a W10  77

6.8-3

(a) LRFD Solution

Pu  1.20.5  45  1.60.5  45  63.0 kips

wu  1.20.5  5  1.60.5  5  7.0 kips/ft

Mntx  1
8 7.0122  126.0 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection.

Mux  B1xMntx  1.0126  126 ft-kips

The effective length for compression and the unbraced length for bending are the same:

KL  Lb  12 ft.

From Table 6-1, Try a W10  39, with p  2.84  10−3 and bx  5.67  10−3.

Determine which interaction equation to use:

pPr  pPu  2.84  10−363  0.1789  0.2 ∴ Equation 6.10 controls.

As a preliminary check (remember that B1 has not yet been computed and Cb has not
been accounted for)

0.5pPr  9
8 bxMrx  byMry  0.5pPu  9

8 bxMux  byMuy

 0.52.84  10−363  9
8 5.67  10−3126  0

 0.893  1.0 (OK)

Calculate B1: Use Cmx  1.0 (transversely-loaded member)

Pe1x 
2EIx
KxL2  229000209

12  122  2885 kips

B1x 
Cmx

1 − Pu
Pe1x

 1.0
1 − 63

2885
 1. 022

Mux  B1Mntx  B2Mℓtx  1.022126  0  128. 8 ft-kips
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From Figure 5.15 in the textbook, Cb  1.14. Modify bx to account for Cb.

bx
Cb

 5.67  10−3

1.14  4. 97  10−3

For Lb  0, bx  5.06  10−3

Use bx  5.06  10−3 (the larger value)

Check Equation 6.10: p  2.84  10−3, bx  5.06  10−3

0.5pPu  9
8 bxMux  byMuy

 0.52.84  10−363  9
8 5.06  10−3126  0

 0.807  1.0 (OK)

Try the next lighter shape, a W10  33 with p  3.42  10−3 and bx  7.00  10−3.

pPr  pPu  3.42  10−363  0.2155  0.2 ∴ Equation 6.9 controls.

Pe1x 
2EIx
KxL2  229000171

12  122  2360 kips

B1x 
Cmx

1 − Pu
Pe1x

 1.0
1 − 63

2360
 1. 027

Mux  B1Mntx  B2Mℓtx  1.027126  0  129. 4 ft-kips

Modify bx to account for Cb.

bx
Cb

 7.00  10−3

1.14  6. 14  10−3

For Lb  0, bx  6.11  10−3

Use bx  6.14  10−3 (the larger value)

Check Equation 6.9: p  3.42  10−3, bx  6.14  10−3

pPu  bxMux  byMuy  3.42  10−363  6.14  10−3126

 0.989  1.0 (OK) Use a W10  33

(b) ASD Solution

Pa  45 kips, Mntx  1
8 5122  90.0 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection.

Max  B1xMntx  1.090  90 ft-kips

KL  Lb  12 ft.
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From Table 6-1, Try a W10  33, with p  5.15  10−3 and bx  10.5  10−3.

pPr  pPa  5.15  10−345  0.2318  0.2 ∴ Equation 6.9 controls.

preliminary check:

pPa  bxMax  byMay  5.15  10−345  10.5  10−390

 1.18  1.0 (N.G.)

Try a W10  39. p  4.28  10−3,bx  8.53  10−3

pPr  pPa  4.28  10−345  0.1926  0.2 ∴ Equation 6.10 controls.

As a preliminary check (remember that B1 has not yet been computed and Cb has not
been accounted for)

0.5pPr  9
8 bxMrx  byMry  0.5pPu  9

8 bxMux  byMuy

 0.54.28  10−345  9
8 8.53  10−390  0

 0.960  1.0 (OK)

Calculate B1: Use Cmx  1.0 (transversely-loaded member)

Pe1x 
2EIx
KxL2  229000209

12  122  2885 kips

B1x 
Cmx

1 − 1.60Pa
Pe1x

 1.0
1 − 1.6045

2885

 1. 026

Max  B1xMntx  1.02690  92. 34 ft-kips

From Figure 5.15 in the textbook, Cb  1.14. Modify bx to account for Cb.

bx
Cb

 8.53  10−3

1.14  10−3  7. 48  10−6

For Lb  0, bx  7.61  10−3

Use bx  7.61  10−3 (the larger value)

Check Equation 6.10: p  4.28  10−3, bx  7.61  10−3

0.5pPa  9
8 bxMax  byMay  0.54.28  10−345  9

8 7.61  10−390  0

 0.867  1.0 (OK) Use a W10  39
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6.8-4

Pu  140 kips

The factored moments at the top are

Mntx  Mnty  150 ft-kips

The factored moments at the bottom are

Mntx  Mnty  75 ft-kips

Check the W10s. Try a W10 112. From Table 6-1, with KL  Lb  16 ft,

p  0.983  10−3, bx  1.69  10−3, by  3.43  10−3

pPu  0.983  10−3140  0.1376  0.2 ∴ Equation 6.10 controls.

0.5pPr  9
8 bxMrx  byMry  0.5pPu  9

8 bxMux  byMuy

 0.50.983  10−3140  9
8 1.69  10−3150  3.43  10−3150

 0.933  1.0 (OK)

Check the W12s. Try a W12  96. From Table 6-1,

p  1.05  10−3, bx  1.70  10−3, by  3.51  10−3

pPu  1.05  10−3139.5  0.1465  0.2 ∴ Equation 6.10 controls.

0.5pPu  9
8 bxMux  byMuy

 0.51.05  10−3140  9
8 1.70  10−3150  3.51  10−3150

 0.953  1.0 (OK)

Check the W14s. Try a W14  90. From Table 6-1,

p  1.02  10−3, bx  1.57  10−3, by  3.26  10−3

pPu  1.02  10−3140  0.1428  0.2 ∴ Equation 6.10 controls.

0.5pPu  9
8 bxMux  byMuy

 0.51.02  10−3140  9
8 1.57  10−3150  3.26  10−3150

 0.887  1.0 (OK)

Since this shape is adequate for Cb  1.0, computation of the actual value of Cb and an
adjustment of bx, are not necessary.

Use a W14  90
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6.8-5

(a) LRFD Solution

Pu  1.2135  1.6415  826.0 kips

The factored moments are

Mntx (top)  1.290  1.6270  540.0 ft-kips

Mntx (bot)  1.230  1.690  180.0 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection.

Mux  B1xMntx  1.0540  540 ft-kips

Try a W14  159. From Table 6-1, with KL  Lb  20 ft,

p  0.619  10−3, bx  0.863  10−3

pPu  0.619  10−3826  0.5113  0.2 ∴ Equation 6.9 controls.

As a preliminary check,

pPr  bxMrx  byMry  pPu  bxMux  byMuy

 0.619  10−3826  0.863  10−3540  0

 0.977  1.0 (OK)

Calculate B1 for the axis of bending:

Cmx  0.6 − 0.4 M1
M2

 0.6 − 0.4 180
540  0.4667

Pe1x 
2EIx
KxL2  2290001900

0.8  20  122  1. 475  104 kips

B1x 
Cmx

1 − Pu
Pe1x

 0.4667
1 − 826

14750

 0.4944  1.0 ∴ B1x  1.0 as assumed

(Since this shape is adequate for Cb  1.0, the steps shown below, computation of the
actual value of Cb and an adjustment of bx, are not necessary.)

Compute Cb and modify bx to account for Cb.

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5540
2.5540  30  4180  3360  2. 143
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bx
Cb

 0.863  10−3

2.143  0.403  10−3

For Lb  0, bx  0.826  10−3

Use bx  0.826  10−3 (the larger value)

pPu  bxMux  byMuy  0.619  10−3826  0.826  10−3540  0

 0.957  1.0 (OK) Use a W14  159

(a) ASD Solution

The axial service load is Pa  PD  PL  135  415  550 kips

The service-load moments are

Mntx (top)  MD  ML  90  270  360 ft-kips

Mntx (bot)  MD  ML  30  90  120 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection.

Max  B1xMntx  1.0360  360 ft-kips

Try a W14  159. From Table 6-1, with KL  Lb  20 ft,

p  0.931  10−3, bx  1.30  10−3

pPu  0.931  10−3550  0.5121  0.2 ∴ Equation 6.9 controls.

As a preliminary check,

pPr  bxMrx  byMry  pPa  bxMax  byMay

 0.931  10−3550  1.30  10−3360  0

 0.980  1.0

Calculate B1:

Cmx  0.6 − 0.4 M1
M2

 0.6 − 0.4 120
360  0.4667

Pe1x 
2EIx
KxL2  2290001900

0.8  20  122  1. 475  104 kips

B1x 
Cmx

1 − 1.60Pa
Pe1x

 0.4667
1 − 1.60550

14750
 0.4963  1.0 ∴ B1x  1.0 as assumed

(Since this shape is adequate for Cb  1.0, the steps shown below, computation of the
actual value of Cb and an adjustment of bx, are not necessary.)
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Compute Cb and modify bx to account for Cb.

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5360
2.5360  30  4120  3240  2. 143

bx
Cb

 1.30  10−3

2.143  6. 07  10−4

For Lb  0, bx  1.24  10−3

Use bx  1.24  10−3 (the larger value)

Check Equation 6.9: p  0.931  10−3, bx  1.24  10−3

pPa  bxMax  byMay  0.931  10−3550  1.24  10−3360

 0.958 (OK) Use a W14  159

6.8-6

(a) LRFD Solution

Pu  1.292/2  1.692/2  128. 8 kips

The factored moments at the top are

Mntx  1.2160/2  1.6160/2  224.0 ft-kips

Mnty  1.224/2  1.624/2  33. 6 ft-kips

The factored moments at the bottom are

Mntx  1.2214/2  1.6214/2  299. 6 ft-kips

Mnty  1.231/2  1.631/2  43. 4 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection. For the two axes,

Mux  B1xMntx  1.0299.6  299. 6 ft-kips

Muy  B1yMnty  1.043.4  43. 4 ft-kips

Check the W10s. Try a W10 100. From Table 6-1, with KL  Lb  16 ft,

p  1.11  10−3, bx  1.93  10−3, by  3.89  10−3

pPu  1.11  10−3128.8  0.1430  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPr  9
8 bxMrx  byMry  0.5pPu  9

8 bxMux  byMuy
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 0.51.11  10−3128.8  9
8 1.93  10−3299.6  3.89  10−343.4

 0.912  1.0 (OK)

Check the W12s. Try a W12  79. From Table 6-1,

p  1.28  10−3, bx  2.13  10−3, by  4.37  10−3

pPu  1.28  10−3128.8  0.1649  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPu  9
8 bxMux  byMuy

 0.51.28  10−3128.8  9
8 2.13  10−3299.6  4.37  10−343.4

 1.01  1.0 (but close; retain this possibility)

Check the W14s. Try a W14  82. From Table 6-1,

p  1.44  10−3, bx  1.92  10−3, by  5.29  10−3

pPu  1.44  10−3128.8  0.1855  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPu  9
8 bxMux  byMuy

 0.51.44  10−3128.8  9
8 1.92  10−3299.6  5.29  10−343.4

 0.998  1.0 (OK)

Try a W12  79 (the lightest),

p  1.28  10−3, bx  2.13  10−3, by  4.37  10−3

Calculate B1 for each axis:

Cmx  0.6 − 0.4 M1
M2

 0.6 − 0.4 224.0
299.6  0.3009

Cmy  0.6 − 0.4 M1
M2

 0.6 − 0.4 33.6
43.4  0.2903

Pe1x 
2EIx
KxL2  229000662

0.8  16  122  8031 kips

B1x 
Cmx

1 − Pu
Pe1x

 0.3009
1 − 128.8

8031

 0.3058  1.0 ∴ B1x  1.0 as assumed
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Pe1y 
2EIy

KyL2  229000216
16  122  1677 kips

B1y 
Cmy

1 − Pu
Pe1y

 0.2903
1 − 128.8

1677

 0.3145  1.0 ∴ B1y  1.0 as assumed

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.5299.6
2.5299.6  393.1  437.8  3168.7  2. 222

bx
Cb

 2.13  10−3

2.222  9. 586  10−4

For Lb  0, bx  1.99  10−3

Use bx  1.99  10−3 (the larger value)

0.5pPu  9
8 bxMux  byMuy

 0.51.28  10−3128.8  9
8 1.99  10−3299.6  4.37  10−343.4

 0.967  1.0 (OK) Use a W12  79

(b) ASD Solution

The axial service load is Pa  92 kips

The service-load moments at the top are

Mntx  160 ft-kips, Mnty  24 ft-kips

The service-load moments at the bottom are

Mntx  214 ft-kips, Mnty  31 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection. For the two axes,

Max  B1xMntx  1.0214  214 ft-kips

May  B1yMnty  1.031  31 ft-kips

Check the W10s. Try a W10 100. From Table 6-1, with KL  Lb  16 ft,

p  1.67  10−3, bx  2.90  10−3, by  5.84  10−3

Determine which interaction equation to use:
Pa

Pn/c
 pPa  1.67  10−392
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 0.1536  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPr  9
8 bxMrx  byMry

 0.51.67  10−392  9
8 2.90  10−3214  5.84  10−331

 0.979  1.0 (OK)

Check the W12s. Try a W12  79. From Table 6-1,

p  1.92  10−3, bx  3.21  10−3, by  6.56  10−3

Determine which interaction equation to use:
Pa

Pn/c
 pPa  1.92  10−392

 0.1766  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPr  9
8 bxMrx  byMry

 0.51.92  10−392  9
8 3.21  10−3214  6.56  10−331

 1.09  1.0 (N.G.)

Check the W14s. Try a W14  82. From Table 6-1,

p  2.16  10−3, bx  2.89  10−3, by  7.95  10−3

Determine which interaction equation to use:
Pa

Pn/c
 pPa  2.16  10−392

 0.1987  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPr  9
8 bxMrx  byMry

 0.52.16  10−392  9
8 2.89  10−3214  7.95  10−331

 1.07  1.0 (but close; retain this possibility.)

Try a W14  82. Calculate B1 for each axis:

Cmx  0.6 − 0.4 M1
M2

 0.6 − 0.4 160
214  0.3009
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Cmy  0.6 − 0.4 M1
M2

 0.6 − 0.4 24
31  0.2903

Pe1x 
2EIx
KxL2  229000881

0.8  16  122  1. 069  104 kips

B1x 
Cmx

1 − 1.60Pa
Pe1x

 0.3009
1 − 1.6092

10690
 0.3051  1.0 ∴ B1x  1.0 as assumed

Pe1y 
2EIy

KyL2  229000148
16  122  1149 kips

B1y 
Cmy

1 − 1.60Pa
Pe1y

 0.2903
1 − 1.6092

1149

 0.3330  1.0

∴ B1y  1.0 as assumed

Compute Cb and modify bx to account for Cb.

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.531
2.531  310.25  43.5  317.25  2. 227

bx
Cb

 2.89  10−3

2.227  1.30  10−3

For Lb  0, bx  2.56  10−3

Use bx  2.56  10−3 (the larger value)

Check Equation 6.10: p  2.16  10−3, bx  2.56  10−3, by  7.95  10−3

0.5pPr  9
8 bxMrx  byMry

 0.52.16  10−392  9
8 2.56  10−3214  7.95  10−331

 0.993  1.0 (OK) Use a W14  82

6.8-7

(a) LRFD Solution

Pu  1.20.25  80  1.60.75  80  120.0 kips

The factored moments at the top are

Mntx  1.20.25  133  1.60.75  133  199. 5 ft-kips
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Mnty  1.20.25  43  1.60.75  43  64. 5 ft-kips

The factored moments at the bottom are

Mntx  1.20.25  27  1.60.75  27  40. 5 ft-kips

Mnty  1.20.25  9  1.60.75  9  13. 5 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection. For the two axes,

Mux  B1xMntx  1.0199.5  199. 5 ft-kips

Muy  B1yMnty  1.064.5  64. 5 ft-kips

Check the W10s. Try a W10 77. From Table 6-1, with KL  Lb  16 ft,

p  1.46  10−3, bx  2.62  10−3, by  5.16  10−3

pPu  1.46  10−3120  0.1752  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPr  9
8 bxMrx  byMry  0.5pPu  9

8 bxMux  byMuy

 0.51.46  10−3120  9
8 2.62  10−3199.5  5.16  10−364.5

 1.05  1.0 (but close; retain this as a possibility.)

Check the W12s. Try a W12  72. From Table 6-1,

p  1.41  10−3, bx  2.37  10−3, by  4.82  10−3

pPu  1.41  10−3120  0.1692  0.2 ∴ Equation 6.10 controls.

As a preliminary check,

0.5pPu  9
8 bxMux  byMuy

 0.51.41  10−3120  9
8 2.37  10−3199.5  4.82  10−364.5

 0.966  1.0 (OK)

Check the W14s. Try a W14  68. From Table 6-1,

p  1.73  10−3, bx  2.38  10−3, by  6.42  10−3

pPu  1.73  10−3120  0.2076  0.2 ∴ Equation 6.9 controls.

As a preliminary check,

pPu  bxMux  byMuy

 1.73  10−3120  2.38  10−3199.5  6.42  10−364.5
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 1.10  1.0 (N.G.)

Try a W12  72, p  1.41  10−3, bx  2.37  10−3, by  4.82  10−3

Calculate B1 for each axis:

Cmx  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 40.5
199.5  0.6812

Cmy  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 13.5
64.5  0.6837

Pe1x 
2EIx
KxL2  229000597

16  122  4635 kips

B1x 
Cmx

1 − Pu
Pe1x

 0.6812
1 − 120

4635
 0.6993  1.0 ∴ B1x  1.0 as assumed

Pe1y 
2EIy

KyL2  229000195
16  122  1514 kips

B1y 
Cmy

1 − Pu
Pe1y

 0.6837
1 − 120

1514
 0.7426  1.0 ∴ B1y  1.0 as assumed

Since the amplification factors are as assumed, and this shape is adequate for Cb  1.0,
computation of the actual value of Cb and an adjustment of bx are not necessary. The
preliminary evaluation is sufficient.

Use a W12  72

(a) ASD Solution (abbreviated version; rejected trials not shown.)

The axial service load is Pa  80 kips

The service-load moments at the top are

Mntx  133 ft-kips, Mnty  43 ft-kips

The service-load moments at the bottom are

Mntx  27 ft-kips, Mnty  9 ft-kips

The amplification factor B1 can be estimated as 1.0 for purposes of making a trial
selection. For the two axes,

Max  B1xMntx  1.0133  133 ft-kips

May  B1yMnty  1.043  43 ft-kips

Try a W12  72. From Table 6-1,

p  2.12  10−3, bx  3.56  10−3, by  7.24  10−3

pPu  2.12  10−380  0.1696  0.2 ∴ Equation 6.10 controls.
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As a preliminary check,

0.5pPr  9
8 bxMrx  byMry

 0.52.12  10−380  9
8 3.56  10−3133  7.24  10−343

 0.968  1.0 (OK)

Calculate B1 for each axis:

Cmx  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 27
133  0.6812

Cmy  0.6 − 0.4 M1
M2

 0.6 − 0.4 − 9
43  0.6837

Pe1x 
2EIx
KxL2  229000597

16  122  4635 kips

B1x 
Cmx

1 − 1.60Pa
Pe1x

 0.6812
1 − 1.6080

4635
 0.7005  1.0 ∴ B1x  1.0 as assumed

Pe1y 
2EIy

KyL2  229000195
16  122  1514 kips

B1y 
Cmy

1 − 1.60Pa
Pe1y

 0.6837
1 − 1.6080

1514

 0.7468  1.0 ∴ B1y  1.0 as

assumed

Since the amplification factors are as assumed, and this shape is adequate for Cb  1.0,
computation of the actual value of Cb and an adjustment of bx are not necessary. The
preliminary evaluation is sufficient.

Use a W12  72

6.8-8

Assume that B1  B2 1.0 for purposes of making a trial selection.

Mu  B1Mnt  B2Mℓt  1.0270  1.030  300.0 ft-kips

Try a W12  65. From Table 6-1, For KL  Lb  16 ft,

p  1.56  10−3, bx  2.66  10−3

Determine the critical effective length for compression. Use the sway condition.

KxL
rx/ry

 2.016
1.75  18. 29 ft  KyL  16 ft.
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∴ use KL  18.29 ft for p (use Lb  16 ft for bx). From Table 6-1, p  1.54  10−3

(by interpolation).

pPu  1.54  10−375  0.1155  0.2 ∴ Equation 6.10 controls.

Consider the braced condition first.

For the axis of bending,

Pe1x 
2EIx
K1xL2  229000533

16  122  4138 kips

B1x 
Cmx

1 − Pu
Pe1x

 0.6
1 − 75

4138
 0.6111  1.0 ∴ B1x  1.0 as assumed

Sway condition:

For the axis of bending,

Pe2x 
2EIx
K2xL2  229000533

2.0  16  122  1035 kips

Assume that Pstory  Pu and Pe story  Pe2 :

B2  1
1 − Pstory

Pe story

 1
1 − 1.0075

1035

 1. 078

The total amplified moment is

Mu  B1Mnt  B2Mℓt  1.0270  1.07830  302. 3 ft-kips

Modify bx to account for Cb.
bx
Cb

 2.66  10−3

1.67  1. 59  10−3

For Lb  0, bx  2.50  10−3

Use bx  2.50  10−3 (the larger value)

Check Equation 6.10: p  1.54  10−3, bx  2.50  10−3

0.5pPu  9
8 bxMux  byMuy

 0.51.54  10−375  9
8 2.50  10−3302.3  0

 0.908  1 (OK)

Use a W12  65
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6.8-9

(a) LRFD Solution

Load combinations involving dead load (D), roof live load (Lr), and wind load (W) are
as follows:

Load Combination 2: 1.2D  0.5Lr

Pnt  1.219  0.533  39. 3 kips

Pℓt  0

Mnt  1.279  0.5130  159. 8 ft-kips

Mℓt  0

(Since the frame and loading are symmetrical, there are no sidesway moments for this
load combination.)

Load Combination 3: 1.2D  1.6Lr  0.5W

Pnt  1.219  1.633  0.5−11  70. 1 kips

Pℓt  0.51.4  0.7 kips

Mnt  1.279  1.6130  0.5−46  279. 8 ft-kips

Mℓt  0.532  16.0 ft-kips

Load Combination 4: 1.2D  1.0W  0.5Lr

Pnt  1.219  1.0−11  0.533  29. 7 kips

Pℓt  1.01.4  1. 4 kips

Mnt  1.279  1.0−46  0.5130  113. 8 ft-kips

Mℓt  1.032  32.0 ft-kips

Load combination 3 will govern. Use Pnt  70.1 kips, Pℓt  0.7 kips, Mnt  279.8
ft-kips, and Mℓt  16.0 ft-kips. For purposes of selecting a trial shape, assume B1  1.0.

Pe story  RM
HL
ΔH

 RM
H

ΔH/L  0.85 3.6
1/400  1224
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(The unfactored horizontal load H  3.6 kips is used because the drift index is based on
the maximum drift caused by service loads.)

B2  1
1 − Pstory

Pe story

 1
1 − Pnt

Pe story

 1
1 − 1.0070.1

1224

 1. 061

Mu  B1Mnt  B2Mℓt  1.0279.8  1.06116.0  296. 8 ft-kips

Pu  Pnt  B2Pℓt  70.1  1.0610.7  70. 84 kips

Try a W14  61. From Table 6-1, using KL  Lb  18 ft,

p  2.19  10−3, bx  2.84  10−3

Determine the critical effective length for compression. Use the sway condition.
Estimate the effective length factor as Kx  2.0.

KxL
rx/ry

 2.018
2.44  14. 75 ft  KyL  18 ft. ∴ KL  18 ft as assumed

pPu  2.19  10−370.84  0.1551  0.2 ∴ Equation 6.10 controls.

Consider the braced condition first. Use Kx  1.0.

Pe1 
2EIx
KxL2  229000640

1.0  18  122  3926 kips

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 0
M2

 0.6

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.0Pnt  Pℓt/Pe1 

 0.6
1 − 1.070.1  0.7/3926  0.611  1.0

∴ B1  1.0 as assumed

Since B1  1.0 is the value originally assumed, and B2 will not change, the previously
computed value of Mu  296.8 ft-kips is unchanged.

Modify bx to account for Cb.
bx
Cb

 2.84  10−3

1.67  1. 701  10−3

For Lb  0, bx  2.32  10−3

Use bx  2.32  10−3 (the larger value)

Check Equation 6.10: p  2.19  10−3, bx  2.32  10−3

0.5pPu  9
8 bxMux  byMuy
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 0.52.19  10−370.84  9
8 2.32  10−3296.8  0

 0.852  1 (OK) Use a W14  61

(b) ASD Solution

Potential load combinations involving dead load (D), roof live load (Lr), and wind load
(W) are as follows:

Load Combination 3: D  Lr

Pnt  19  33  52 kips

Pℓt  0

Mnt  79  130  209 ft-kips

Mℓt  0

(Since the frame and loading are symmetrical, there are no sidesway moments for this
load combination.)

Load Combination 5: D  0.6W

Pnt  19  −11  1.4  9. 4 kips

Pℓt  1.4 kips

Mnt  79  −46  33 ft-kips

Mℓt  32 ft-kips

Load Combination 6a: D  0.750.6W  0.75Lr

Pnt  19  0.750.6−11  1.4  0.7533  39. 43 kips

Pℓt  0.750.61.4  0.63 kips

Mnt  79  0.750.6−46  0.75130  155. 8 ft-kips

Mℓt  0.750.632  14. 4 ft-kips

Assume load combination 3 controls. After a shape is selected, check combination 6a.
For purposes of selecting a trial shape, assume B1  1.0.
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Ma  B1Mnt  B2Mℓt  1.0209  0  209 ft-kips

Pa  Pnt  B2Pℓt  52  0  52 kips

Try a W14  61. From Table 6-1, using KL  Lb  18 ft,

p  3.29  10−3, bx  4.27  10−3

Determine the critical effective length for compression. Use the sway condition.
Estimate the effective length factor as Kx  2.0

KxL
rx/ry

 2.018
2.44  14. 75 ft  KyL  18 ft. ∴ KL  18 ft as assumed

pPa  3.29  10−352  0.1711  0.2 ∴ Equation 6.10 controls.

For the braced condition, use Kx  1.0.

Pe1 
2EIx
KxL2  229000640

1.0  18  122  3926 kips

Cm  0.6 − 0.4 M1
M2

 0.6 − 0.4 0
M2

 0.6

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 0.6

1 − 1.6052/3926

 0.6130  1.0 B1  1.0 as assumed

Modify bx to account for Cb.
bx
Cb

 4.27  10−3

1.67  2. 56  10−3

For Lb  0, bx  3.49  10−3

Use bx  3.49  10−3 (the larger value)

Check Equation 6.10: p  3.29  10−3, bx  3.49  10−3

0.5pPr  9
8 bxMrx  byMry

 0.53.29  10−352  9
8 3.49  10−3209  0

 0.906  1.0 (OK)

Check load combination 6a: Pnt  39.43 kips, Mnt  155.8 ft-kips, Pℓt  0.63
kips, and Mℓt  14.4 ft-kips

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 0.6

1 − 1.6039.43/3926

 0.6098  1.0 B1  1.0 as assumed
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Pe story  RM
HL
ΔH

 RM
H

ΔH/L  0.85 3.6
1/400  1224

(The unfactored horizontal load H  3.6 kips is used because the drift index is based on
the maximum drift caused by service loads.)

B2  1
1 − Pstory

Pe story

 1
1 − 1.6039.43

1224

 1. 054

Ma  B1Mnt  B2Mℓt  1.0155.8  1.05414.4  171. 0 ft-kips

Pa  Pnt  B2Pℓt  39.43  1.0540.63  40. 09 kips

pPa  3.29  10−340.09  0.1319  0.2 ∴ Equation 6.10 controls.

p  3.29  10−3, bx  3.49  10−3

0.5pPa  9
8 bxMax  byMay

 0.53.29  10−340.09  9
8 3.49  10−3171.0  0

 0.737  1.0 (OK)

Use a W14  61

6.8-10

(a) LRFD Solution

Determine the total vertical load to be stabilized by the bracing.

Load combination 2: 1.2D  0.5Lr

Pu  1.20.86045  0.51.4545  3  237. 2 kips

Load Combination 3: 1.2D  1.6Lr  0.5W

Pu  1.20.86045  1.61.4545  0.5−0.51045  3

 418. 1 kips

Combination 3 controls; Pr  Pu  418.1 kips

From AISC Equation A-6-1, the lateral shear to be resisted is

Prb  0.004Pr  0.004418.1  1. 672 kips

Design both braces as tension-only members, and let the entire force be resisted by one
brace. Since Prb is the horizontal component of the brace force (see Figure 6.24a in the
textbook), the brace force is
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F  Prb
cos , where   tan−118/45  21.80°

F  1.672
cos21.80°  1. 801 kips

Based on the limit state of tension yielding, the required area is

A  F
0.9Fy

 1.801
0.936  5. 559  10−2 in.2

From AISC Equation A-6-2, the required lateral stiffness is

br  1


2Pr
Lb

 1
0.75

2418.1
18  12  5. 162 kips/in.

The length of the brace is

L  18  12/ sin21.80°  581. 6 in.

Let

AE
L cos2  1


2Pr
Lb

 5.162

A  5.162L
Ecos2

 5.162581.6
29000cos221.8°

 0.120 in.2

The stiffness requirement controls.

Use a tension brace with a cross-sectional area of at least 0.120 in.2

(b) ASD Solution

Determine the total vertical load to be stabilized by the bracing.

Load combination 3 controls: D  Lr

Pr  Pa  0.86045  1.4545  3  311. 9 kips

From AISC Equation A-6-1, the lateral shear to be resisted is

Prb  0.004Pr  0.004311.9  1. 248 kips

Design both braces as tension-only members, and let the entire force be resisted by one
brace. Since Prb is the horizontal component of the brace force (see Figure 6.24a in the
textbook), the brace force is

F  Prb
cos , where   tan−118/45  21.80°

F  1.248
cos21.80°  1. 344 kips

Based on the limit state of tension yielding, the required area is

A  F
Fy/

 1.344
36/2.00  7. 467  10−2 in.2
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From AISC Equation A-6-2, the required lateral stiffness is

br   2Pr
Lb

 2.00 2311.9
18  12  5. 776 kips/in.

The length of the brace is

L  18  12/ sin21.80°  581. 6 in.

Let

AE
L cos2   2Pr

Lb
 5.776

A  5.776L
Ecos2

 5.776581.6
29000cos221.8°

 0.134 in.2

The stiffness requirement controls.

Use a tension brace with a cross-sectional area of at least 0.134 in.2

6.9-1

The loads transmitted by the purlins are as follows:

Snow: 20325  1500 lb  1.500 kips

Roof: metal deck: 2 psf
roofing: 4 psf
Insulation: 3 psf
Total: 9 psf

9325  675.0 lb

Purlins: 8.525  212. 5 lb

Total dead load  675  212.5  887. 5 lb  0.8875 kips

(a) LRFD Solution

Load combination 3 will control:

Pu  1.2D  1.6S  1.20.8875  1.61.500  3. 465 kips

The fixed-end moment for each top chord member is

M  Mnt 
PuL

8  3.4656
8  2. 599 ft-kips
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The reaction at each end of the fixed-end top chord member is

Pu
2  3.465

2  1. 733 kips

3.465 k

1.733 k

2.599 ft-k2.599 ft-k

1.733 k

6'

Total interior panel point load  3.465  21.733  6. 931 kips

Exterior panel point load:

Snow: 1500/2  750.0 lb
Roof: 675/2  337. 5 lb
Purlins: 212.5 lb

Pu  1.20.3375  0.2125  1.60.750  1. 860 kips

Total exterior panel point load  1.733  1.860  3. 593 kips

Truss reaction at each end  23.593  76.931
2  27. 85 kips

5'

8 @ 6' = 48'

3.
59

3 
k

3.
59

3 
k

6.
93

1 
k

6.
93

1 
k

6.
93

1 
k

6.
93

1 
k

6.
93

1 
k

6.
93

1 
k

6.
93

1 
k

27.85 k 27.85 k

a

a1

Consider a free body of the portion of the truss left of section a-a:

∑M1  27.85 − 3.59318 − 6.93112  6 − Pu5  0,

Pu  62. 37 kips
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5'

Pu

18'
1

3.
59

3 
k

6.
93

1 
k

6.
93

1 
k

6.
93

1 
k

27.85 k

Design for an axial compressive load of 62.37 kips and a bending moment of 2.599
ft-kips.

Try a WT5  15. From the column load tables with KxL  6 ft and KyL  3ft,

cPn  166 kips

For the axis of bending,

Pe1 
2EIx
KxL2  2290009.28

6  122  512. 4 kips

Cm  1.0 (transversely-loaded member)

B1 
Cm

1 − Pu
Pe1

 1.0
1 − 62.37

512.4
 1. 139

Mu  B1Mnt  B2Mℓt  1.1392.599  0  2. 96 ft-kips

The shape is compact for flexure. Check the limit state of yielding. Because the
maximum moment is a fixed-end moment, the stem will be in compression, assuming
that the flange is at the top. For stems in compression,

Mn  Mp  FyZx ≤ My (AISC Equation F9-3)

Since Sx  Zx, the yield moment My will control.

Mn  My  FySx  502.24  112.0 in.-kips

Check lateral-torsional buckling. From AISC Equation F9-5,

B  2.3 d
Lb

Iy
J  −2.3 5.24

6  12
8.35
0.310  − 0.8687

(The minus sign is used when the stem is in compression anywhere along the unbraced
length.) From AISC Equation F9-4,
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Mn  Mcr 
 EIyGJ

Lb
B  1  B2


 290008.35112000.310

6  12 −0.8687  1  −0.86872

 576.8 in.-kips

The limit state of yielding controls.

bMn  0.90112.0  100. 8 in.-kips  8. 4 ft-kips

Determine which interaction equation to use:
Pu
cPn

 62.37
166  0.3757  0.2 ∴ use AISC Equation H1-1a.

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.3757  8
9

2.96
8.4  0

 0.689  1.0 (OK) Use a WT5  15.

(b) ASD Solution

Load combination 3 will control:

Pa  D  S  0.8875  1.500  2. 388 kips

The fixed-end moment for each top chord member is

M  Mnt 
PaL

8  2.3886
8  1. 791 ft-kips

The reaction at each end of the fixed-end top chord member is

Pa
2  2.388

2  1. 194 kips

Total interior panel point load  2.388  21.194  4. 776 kips

Exterior panel point load:

Snow: 1500/2  750.0 lb
Roof: 675/2  337. 5 lb
Purlins: 212.5 lb

Pa  0.750  0.3375  0.2125  1. 3 kips

Total exterior panel point load  1.194  1.3  2. 494 kips
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Truss reaction at each end  22.494  74.776
2  19. 21 kips

5'

8 @ 6' = 48'

2.
49

4 
k

2.
49

4 
k

4.
77

6 
k

4.
77

6 
k

4.
77

6 
k

4.
77

6 
k

4.
77

6 
k

4.
77

6 
k

4.
77

6 
k

19.21 k 19.21 k

a

a1

Consider a free body of the portion of the truss left of section a-a:

∑M1  19.21 − 2.49418 − 4.77612  6 − Pa5  0

Pa  42. 98 kips

5'

Pa

18'
1

2.
49

4 
k

4.
77

6 
k

4.
77

6 
k

4.
77

6 
k

19.21 k

Design for an axial compressive load of 42.98 kips and a bending moment of 1.791
ft-kips.

Try a WT5  15. From the column load tables with KxL  6 ft and KyL  3ft,

Pn
c

 110 kips

For the axis of bending,

Pe1 
2EIx
KxL2  2290009.28

6  122  512. 4 kips
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Cm  1.0 (transversely-loaded member)

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.6042.98/512.4

 1. 155

Ma  B1Mnt  B2Mℓt  1.1551.791  0  2. 069 ft-kips

From part (a), Mn  112.0 in.-kips

Mn
b

 112.0
1.67  67. 07 in.-kips  5. 589 ft-kips

Determine which interaction equation to use:
Pa

Pn/c
 42.98

110  0.3907  0.2∴ use Eq. 6.5 (AISC Eq. H1-1a).

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.3907  8

9
2.069
5.589  0

 0.720  1.0 (OK)

Use a WT5  15.

6.9-2

For the deck and built-up roof, the tributary width of top chord is 46.6/8  5. 825 ft.

2  55.82525  1019 lb

Purlins: 1225  300.0 lb

For the snow, the tributary width of top chord is 45/8  5. 625 ft.

185.62525  2531 lb

Assume a truss weight of 10% of the other gravity loads:

0.101019  300  2531  385.0 lb

Total dead load  1019  300  385  1704 lb

(a) LRFD Solution

Load combination 3 will control:
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Pu  1.2D  1.6S  1.21.704  1.62.531  6. 094 kips

The fixed-end moment for each top chord member is (see figure)

M  Mnt 
PuL

8  6.09411.25
8  8. 570 ft-kips

6.094 k

3.047 k

8.570 ft-k
8.570 ft-k

3.047 k

45
4

1125 . '

Total interior panel point load  6.094  23.047  12. 19 kips

Exterior panel point load:

Snow: 2531/2  1266 lb

Deck and roof: 1019/2  509. 5 lb

Purlins: 300 lb

Truss weight: 0.101266  509.5  300  207. 6 lb

Pu  1.20.5095  0.300  0.2076  1.61.266  3. 246 kips

Total exterior panel point load  3.047  3.246  6. 293 kips

Truss reaction at each end  712.19  26.293
2  48. 96 kips
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6.
29

3 
k

6.
29

3 
k

12
.1

9 
k

12
.1

9 
k

12
.1

9 
k

12
.1

9 
k

12
.1

9 
k

12
.1

9 
k

12
.1

9 
k

48.96 k 48.96 k

The maximum top chord load is in the member adjacent to the support. Consider a free
body of the pin at the left support:

12
45

46.6
P

6.293 k

48.96 k

∑Fy  48.96 − 6.293 − 12
46.6 P  0, P  165.7 kips compression

Design for an axial compressive load of 165.7 kips and a bending moment of 8.570
ft-kips.

Try a WT7  34

From the column load tables with KxL  46.6/4  11.65 ft and KyL  11.65/2  5.825 ft,

cPn  290.5 kips

Since bending is about the x axis and the member is braced against sidesway,

Mnt  8.570 ft-kips and Mℓt  0

For the axis of bending,

Pe1 
2EIx
KxL2  22900032.6

11.65  122  477. 4 kips

Cm  1.0 (transversely-loaded member)
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B1 
Cm

1 − Pu
Pe1

 1.0
1 − 165.7

477.4
 1. 532

Mu  B1Mnt  B2Mℓt  1.5328.570  0  13. 13 ft-kips

There is no footnote in the column load tables, so the shape is not slender. Since
bending is about the weak axis, there is no lateral-torsional buckling.

Check the limit state of yielding. Because the maximum moment is a fixed-end
moment, the stem will be in compression, assuming that the flange is at the top. For
stems in compression,

Mn  Mp  FyZx ≤ My (AISC Equation F9-3)

Since Sx  Zx, the yield moment My will control.

Mn  My  FySx  505.69  284. 5 in.-kips

bMn  0.90284.5  256. 1 in.-kips  21. 34 ft-kips

Determine which interaction equation to use:

Pu
cPn

 165.7
290.5  0.5704  0.2∴ use AISC Equation H1-1a.

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.5704  8
9

13.13
21.34  0

 1.12  1.0 (N.G.)

Try a WT7  37

From the column load tables with KxL  11.65 ft and KyL  5.825 ft,

cPn  318.2 kips

Pe1 
2EIx
KxL2  22900036.0

11.65  122  527. kips

B1 
Cm

1 − Pu
Pe1

 1.0
1 − 165.7

527.2
 1. 458

Mu  B1Mnt  B2Mℓt  1.4588.570  0  12. 50 ft-kips

There is no footnote in the column load tables, so the shape is not slender. Since
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bending is about the weak axis, there is no lateral-torsional buckling.

Mn  Mp  FyZx ≤ My

Since Sx  Zx, the yield moment My will control.

Mn  My  FySx  506.25  312. 5 in.-kips

bMn  0.90312.5  281. 3 in.-kips  23. 44 ft-kips

Pu
cPn

 165.7
318.2  0.5207  0.2∴ use AISC Equation H1-1a.

Pu
cPn

 8
9

Mux
bMnx


Muy
bMny

 0.5207  8
9

12.50
23.44  0

 0.995  1.0 (OK)

Use a WT7  37

(b) ASD Solution

Load combination 3 will control:

Pa  D  S  1.704  2.531  4. 235 kips

The fixed-end moment for each top chord member is (see figure)

M  Mnt 
PaL

8  4.23511.25
8  5. 955 ft-kips

4.235 k

2.118 k

5.955 ft-k
5.955 ft-k

2.118 k

45
4

1125 . '

Total interior panel point load  4.235  22.118  8. 471 kips

Exterior panel point load:

Snow: 2531/2  1266 lb
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Deck and roof: 1019/2  509. 5 lb

Purlins: 300 lb

Truss weight: 0.101266  509.5  300  207. 6 lb

Pa  1.266  0.5095  0.300  0.2076  2. 283 kips

Total exterior panel point load  2.118  2.283  4. 401 kips

Truss reaction at each end  78.471  24.401
2  34. 05 kips

The maximum top chord load is in the member adjacent to the support. Consider a free
body of the pin at the left support:

12
45

46.6
P

4.401 k

34.05 k

∑Fy  34.05 − 4.401 − 12
46.6 P  0, P  115.1 kips compression

Design for an axial compressive load of 115.1 kips and a bending moment of 5.955
ft-kips.

Try a WT7  37

From the column load tables with KxL  11.65 ft and KyL  5.825 ft,

Pn
c

 211.4 kips

Pe1 
2EIx
KxL2  22900036.0

11.65  122  527. 2 kips

Cm  1.0 (transversely-loaded member)

B1 
Cm

1 − Pr/Pe1
 Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.60115.1/527.2

 1. 537

Ma  B1Mnt  B2Mℓt  1.5375.955  0  9. 153 ft-kips
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There is no footnote in the column load tables, so the shape is not slender. Since
bending is about the weak axis, there is no lateral-torsional buckling.

Mn  Mp  FyZx ≤ My

Since Sx  Zx, the yield moment My will control.

Mn  My  FySx  506.25  312. 5 in.-kips
Mn
b

 312.5
1.67  187. 1 in.-kips  15. 59 ft-kips

Determine which interaction equation to use:
Pa

Pn/c
 115.1

211.4  0.5445  0.2∴ use Eq. 6.5 (AISC Eq. H1-1a).

Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.5445  8

9
9.153
15.59  0

 1. 07  1.0 (N.G.)

Try a WT7  41

From the column load tables with KxL  11.65 ft and KyL  5.825 ft, Pn
c

 237.0 kips

Pe1 
2EIx
KxL2  22900041.2

11.65  122  603. 4 kips

B1 
Cm

1 − 1.60Pa/Pe1
 1.0

1 − 1.60115.1/603.4  1. 439

Ma  B1Mnt  B2Mℓt  1.4395.955  0  8. 569 ft-kips

There is no footnote in the column load tables, so the shape is not slender. Since
bending is about the weak axis, there is no lateral-torsional buckling.

Mn  Mp  FyZx ≤ My

Since Sx  Zx, the yield moment My will control.

Mn  My  FySx  507.14  357.0 in.-kips
Mn
b

 357.0
1.67  213. 8 in.-kips  17. 82 ft-kips

Pa
Pn/c

 115.1
237.0  0.4857  0.2∴ use Eq. 6.5 (AISC Eq. H1-1a).
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Pa
Pn/c

 8
9

Max
Mnx/b


May

Mny/b
 0.4857  8

9
8.569
17.82  0

 0.913  1.0 (OK)

Use a WT7  41
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CHAPTER 7 - SIMPLE CONNECTIONS

7.3-1

(a) Minimum spacing  2 2
3 d  2.6677/8  2. 33 in.  2.75 in. (OK)

Minimum edge distance from AISC Table J3.4  1.5 in. actual ℓe (OK)

(b) Check bearing on gusset plate (it has the smaller thickness; everything else is the
same).

For A242 steel, Fu  70 ksi

h  d  1
16  7

8  1
16  15

16 in.

For the holes nearest the edge,

ℓc  ℓe − h
2  1.5 − 15/16

2  1. 031 in.

Rn  1.2ℓctFu  1.21.0313/870  32. 48 kips

The upper limit is

2.4dtFu  2.47/83/870  55. 12 kips  32.48 kips

∴ use Rn  32.48 kips

For the other bolts,

ℓc  s − h  2.75 − 15
16  1. 813 in.

Rn  1.2ℓctFu  1.21.8133/870  57. 11 kips

2.4dtFu  55.12 kips  57.11 kips∴ use Rn  55.12 kips

For the connection, the total bearing strength is

32.48  255.12  142. 7 kips Rn  143 kips
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7.3-2

(a) Minimum spacing  2 2
3 d  2.6673/4  2.0 in.  2.5 in. (OK)

Minimum edge distance from AISC Table J3.4  1.25 in.  1.5 in. (OK)

(b) Check bearing on gusset plate (it has the smaller thickness; everything else is the
same).

h  d  1
16  3

4  1
16  13

16 in.

For the holes nearest the edge,

ℓc  ℓe − h
2  1.5 − 13/16

2  1. 094 in.

Rn  1.2ℓctFu  1.21.0943/858  28. 55 kips

The upper limit is

2.4dtFu  2.43/43/858  39. 15 kips  28.55 kips

∴ use Rn  28.55 kips

For the other bolts,

ℓc  s − h  3 − 13
16  2. 188 in.

Rn  1.2ℓctFu  1.22.1883/858  57. 11 kips

2.4dtFu  39.15 kips  57.11 kips∴ use Rn  39.15 kips

For the connection, the total bearing strength is

228.55  439.15  214 kips Rn  214 kips

7.4-1

(a) Minimum spacing  2 2
3 d  2.6677/8  2. 33 in.  3 in. (OK)

Minimum edge distance from AISC Table J3.4  1.5 in.  2 in. (OK)
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(b) Design strengths. Bolt shear: Ab  d2/4  7/82/4  0.6013 in.2

The nominal shear capacity of one bolt is

Rn  FnvAb  270.6013  16. 24 kips

Check bearing on gusset plate. h  d  1
16  7

8  1
16  15

16 in.

For the holes nearest the edge, ℓc  ℓe − h
2  3 − 15/16

2  2. 531 in.

Rn  1.2ℓctFu  1.22.5313/858  66. 06 kips

The upper limit is

2.4dtFu  2.47/83/858  45. 68 kips  66.06 kips

∴ use Rn  45.68 kips

For the other bolts,

ℓc  s − h  3 − 15
16  2. 063 in.

Rn  1.2ℓctFu  1.22.0633/858  53. 84 kips

2.4dtFu  45.68 kips  53.84 kips∴ use Rn  45.68 kips

(The bearing strength of the channel does not need to be checked. Its thickness is
greater than that of the gusset plate, and its ultimate tensile stress is larger.)

For the connection, the strength for each bolt is the minimum of the shear and bearing
values. In this connection, shear controls for each bolt, and the total design strength is

Rn  0.7516.24  6  73.1 kips

(c) Allowable strengths: From part (b),

nominal shear strength  16.24 kips/bolt

nominal bearing strength for the edge bolts  45.68 kips

nominal bearing strength for the interior bolts  45.68 kips
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For the connection, the strength for each bolt is the minimum of the shear and bearing
values. In this connection, shear controls for each bolt, and the total allowable strength
is

Rn
  16.24

2.00  6  48.7 kips

7.4-2

(a) Minimum spacing  2 2
3 d  2.6677/8  2. 33 in.  2.75 in. (OK)

Minimum edge distance from AISC Table J3.4  1.5 in.  actual ℓe (OK)

(b) Bolt shear: Ab  d2/4  7/82/4  0.6013 in.2

Shear capacity of one bolt is

Rn  FnvAb  540.6013  2  64. 94 kips (double shear)

For bearing, the steel is the same for the tension member and the splice plates, the edge
distances are the same for the tension member and the splice plates, and the combined
thickness of the splice plates is the same as the thickness of the tension member. As a
consequence, the bearing strength will be the same for both the tension member and the
splice plates.

Check bearing on the tension member. h  d  1
16  7

8  1
16  15

16 in.

For the holes nearest the edge, ℓc  ℓe − h
2  1.5 − 15/16

2  1. 031 in.

Rn  1.2ℓctFu  1.21.0311/258  35. 88 kips

The upper limit is

2.4dtFu  2.47/81/258  60. 9 kips  35.88 kips

∴ use Rn  35.88 kips

For the other bolts,

ℓc  s − h  2.75 − 15
16  1. 813 in.
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Rn  1.2ℓctFu  1.21.8131/258  63. 09 kips

2.4dtFu  60.9 kips  63.09 kips∴ use Rn  60.9 kips

For the connection, the strength for each bolt is the minimum of the shear and bearing
values. Bearing controls for each bolt:

Rn  235.88  260.9  194 kips Rn  194 kips

7.4-3

Ab  d2/4  3/42/4  0.4418 in.2

Assume that the bolt threads are in the plane of shear. The nominal shear capacity of
one bolt in double shear is

Rn  FnvAb  540.4418  2  47. 71 kips

The nominal bearing strength of one bolt (gusset plate thickness controls) is

2.4dtFu  2.43/43/858  39. 15 kips  47.71 kips for shear

∴ Bearing strength controls for each bolt.

(a) LRFD solution: Rn  0.7539.15  29. 36 kips/bolt

Pu  1.2D  1.6L  1.214  1.625  56. 8 kips

Number of bolts required is 56.8
29.36  1. 93 Use 2 bolts

(b) ASD solution: Rn
  39.15

2.00  19. 58 kips/bolt

Pa  D  L  14  25  39 kips

Number of bolts required is 39
19.58  1. 99 Use 2 bolts
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7.4-4

Ab  d2/4  7/82/4  0.6013 in.2

Nominal shear capacity of one bolt in double shear is

Rn  FnvAb  540.6013  2  64. 94 kips

Since no bolt spacing or edge distances are given, assume that the upper limit of
2.4dtFu controls for bearing strength. Since 3/8 in.  1/4  1/4  1/2 in., the bearing
strength of one bolt is

2.4dtFu  2.47/83/858  45. 68 kips  57.72 kips for shear

∴ Bearing strength controls.

(a) LRFD solution: Rn  0.7545.68  34. 26 kips/bolt

Pu  1.2D  1.6L  1.20.25  60  1.60.75  60  90.0 kips

Number of bolts required is 90
34.26  2. 63, use 4 bolts for symmetry on each side.

Use 8 bolts

(b) ASD solution: Rn
  45.68

2.00  19. 58 kips/bolt, Pa  D  L  60 kips

Number of bolts required is 60
19.58  3. 06, use 4 bolts for symmetry on each side.

Use 8 bolts

7.4-5

Bolt shear: Ab  d2/4  3/42/4  0.4418 in.2

Nominal shear capacity of one bolt is

Rn  FnvAb  540.4418  23. 86 kips

Check bearing on tension member (it has the smaller edge distance; everything else is
the same):
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h  3
4  1

16  13
16 in.

For the holes nearest the edge,

ℓc  ℓe − h
2  1.5 − 13/16

2  1. 094 in.

Rn  1.2ℓctFu  1.21.0945/1658  23. 79 kips

The upper limit is

2.4dtFu  2.43/45/1658  32. 63 kips  23.79 kips

∴ use Rn  23.79 kips

For the other bolts,

ℓc  s − h  3.5 − 13
16  2. 688 in.

Rn  1.2ℓctFu  1.22.6885/1658  58. 46 kips

2.4dtFu  32.63 kips  58.46 kips∴ use Rn  32.63 kips

For the connection, the strength for each bolt is the minimum of the shear and bearing
values:

Edge bolts: bearing controls: Rn  23.79 kips/bolt

Interior bolts: shear controls: Rn  23.86 kips/bolt

For the connection, the nominal strength is

223.79  423.86  143. 0 kips

(a) LRFD solution: Rn  0.75143.0  107. 2 kips

Let 1.2D  1.62D  107.2, Solution is: D  24. 36

D  24.36 kips, L  48.72 kips, Total  24.36  48.72  73.1 kips

(b) ASD solution: Rn
  143.0

2.00  71. 5 kips  Pa Total  71.5 kips
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7.4-6

Bolt shear (assume that the threads are in shear): Ab  d2/4  7/82/4  0.6013
in.2

Nominal shear capacity of one bolt is

Rn  FnvAb  2 (for double shear)  540.6013  2  64. 94 kips/bolt

Check bearing on the gusset plate (it is thinner than the combined thickness of the
angles):

h  7
8  1

16  15
16 in.

For the hole nearest the edge,

ℓc  ℓe − h
2  2 − 15/16

2  1. 531 in.

Rn  1.2ℓctFu  1.21.5313/858  39. 96 kips

The upper limit is

2.4dtFu  2.47/83/858  45. 68 kips  39.96 kips

∴ use Rn  39.96 kips

For the other bolts,

ℓc  s − h  3 − 15
16  2. 063 in.

Rn  1.2ℓctFu  1.22.0633/858  53. 84 kips

2.4dtFu  45.68 kips  53.84 kips∴ use Rn  45.68 kips

For the connection, the strength for each bolt is the minimum of the shear and bearing
values. Bearing controls for each bolt:

Rn  39.96  445.68  222. 7 kips

(a) LRFD Solution

Rn  0.75222.7  167 kips

[7-8]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Pu  1.2D  1.6L  1.240  1.6100  208 kips  167 kips (N.G.)

connection does not have enough capacity.

(b) ASD Solution

Rn
  222.7

2.00  111 kips

Pa  D  L  40  100  140 kips  111 kips (N.G.)

connection does not have enough capacity.

7.6-1

Bolt shear (assume that the threads are in shear): Ab  d2/4  7/82/4  0.6013
in.2

Nominal shear capacity of one bolt is

Rn  FnvAb  2 (for double shear)  540.6013  2  64. 94 kips/bolt

Check bearing on gusset plate (it is thinner than the combined thickness of the angles,
the edge distance is the same as for the angles, and the ultimate tensile stress Fu is
smaller):

h  7
8  1

16  15
16 in.

For the hole nearest the edge,

ℓc  ℓe − h
2  2 − 15/16

2  1. 531 in.

Rn  1.2ℓctFu  1.21.5315/858  66. 60 kips

The upper limit is

2.4dtFu  2.47/85/858  76. 13 kips  66.60 kips

∴ use Rn  66.60 kips

For the other bolts,
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ℓc  s − h  3 − 15
16  2. 063 in.

Rn  1.2ℓctFu  1.22.0635/858  89. 74 kips

2.4dtFu  76.13 kips  89.74 kips∴ use Rn  76.13 kips

For the connection, the strength for each bolt is the minimum of the shear and bearing
values:

Edge bolts: shear controls: Rn  64. 94 kips/bolt

Interior bolts: shear controls: Rn  64. 94 kips/bolt

For the connection, the strength is

864. 94  519. 5 kips

Tension on the gross section: Ag  27.13  14. 26 in.2

Pn  FyAg  5014.26  713.0 kips

Net section:

An  Ag − tdh  2 7.13 − 2 5
8

7
8  1

8  11. 76 in.2

U  1 − x̄
ℓ  1 − 1.72

9  0.8089

Ae  AgU  11.760.8089  9. 513 in.2

Pn  FuAe  659.513  618. 3 kips

(a) LRFD solution. Compute the design strength:

For the bolts, Rn  0.75519.5  389. 6 kips

For tension on the gross section,  tPn  0.90713.0  641. 7 kips

For tension on the net section,  tPn  0.75618.3  463. 7 kips

The bolt strength controls. Pu  389.6 kips. Since D  8L, load combination 1
controls.

1.4D  1.48.5L  389.6  L  32.74 kips
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P  D  L  8.532.74  32.74  311. 0 kips P  311 kips

(b) ASD solution. Compute the allowable strength:

For the bolts, Rn
  519.5

2.00  259. 7 kips

For tension on the gross section, Rn
t

 713.0
1.67  426.9 kips

For tension on the net section, Rn
t

 618.3
2.00  309. 1 kips

The bolt strength controls. Pa  259.7 kips. P  260 kips

7.6-2

Determine the nominal shear and bearing strengths per bolt. The shear strength is

Rn  FnvAb  680.6013  2  81. 78 kips/bolt

Bearing: h  d  1
16  7

8  1
16  15

16 in.

Edge bolts: ℓc  ℓe − h
2  1.5 − 15/16

2  1. 031 in.

Rn  1.2ℓctFu  1.21.0310.558  35. 88 kips/bolt

Upper limit  2.4dtFu  2.47/80.558  60. 9 kips/bolt  35.88 kips/bolt

∴ use Rn  35.88 kips/bolt

Other bolts: ℓc  s − h  3 − 15
16  2. 063 in.

Rn  1.2ℓctFu  1.22.0630.558  71. 79 kips/bolt

2.4dtFu  60.9 kips/bolt  71.79 kips/bolt∴ use Rn  60.9 kips/bolt

(a) LRFD Solution

Pu  1.2PD  1.6PL  1.235  1.686  179. 6 kips

Select a trial number of bolts based on shear, then check bearing. The shear strength is
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Rn  0.7581.78  61. 34

No. bolts required  Pu
Rn

 179.6
61.34  2. 93; Try 4 on each side for symmetry.

For the connection, the strength for each bolt is the minimum of the shear and bearing
values. Bearing controls for each bolt in this connection:

Rn  0.75235.88  260.9  145. 2 kips  179.6 kips (N.G.)

Try 2 rows of 3 bolts on each side (for symmetry):

Total Rn  0.75335.88  360.9  217. 8 kips 179.6 kips (OK)

Use 6 bolts each side, 12 total

(b) ASD Solution

Pa  PD  PL  35  86  121.0 kips

Select a trial number of bolts based on shear, then check bearing. The shear strength is

Rn
  81.78

2.00  40. 89 kips/bolt

No. bolts required  121
40.89  2. 96; Try 4 on each side for symmetry.

For the connection, the strength for each bolt is the minimum of the shear and bearing
values. Bearing controls for each bolt in this connection:

Rn
  1

2.00 235.88  260.9  96.8 kips  121 kips (N.G.)

Try 2 rows of 3 bolts on each side (for symmetry):

Total Rn/  335.88  360.9/2.00  145 kips 121 kips (OK)

Use 6 bolts each side, 12 total
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7.6-3

LRFD Solution

Pu  1.2D  1.6L  1.245  1.690  198.0 kips

The bearing strength of the gusset plate is smaller than the bearing strength of the
member. For one bolt,

Rn  2.4dtFu  0.752.47/83/865  38. 39 kips

(a) For shear strength, assume that threads are in the plane of shear.

Ab  d2/4  7/82/4  0.6013 in.2

Rn  0.75FnvAb  0.75270.6013  12. 18 kips/bolt  38.39 kips/bolt

Number required  198/12.18  16.3

Use an even number for
symmetry. Use 18 bolts

(b) Rn  0.75FnvAb  0.75540.6013  24. 35 kips/bolt  38.39 kips/bolt

Number required  198/24.35  8. 13 Use 10 bolts

(c) Rn  0.75FnvAb  0.75680.6013  30. 67 kips/bolt  38.39 kips/bolt

Number required  198/30.67  6. 46 Use 8 bolts

ASD Solution

Pa  D  L  45  90  135 kips

The bearing strength of the gusset plate is smaller than the bearing strength of the
member. For one bolt,

Rn
  2.4dtFu

  2.47/83/865
2.00  25. 59 kips

(a) For shear strength, assume that threads are in the plane of shear.

Ab  d2/4  7/82/4  0.6013 in.2
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Rn
  FnvAb

  270.6013
2.00  8. 118 kips/bolt  25.59 kips/bolt

Number required  135/8.118  16. 6

Use an even number for symmetry. Use 18 bolts

(b) Rn
  FnvAb

  540.6013
2.00  16. 23 kips/bolt  25.59 kips/bolt

Number required  135/16.23  8. 32 Use 10 bolts

(c) Rn
  FnvAb

  680.6013
2.00  20. 44 kips/bolt  25.59 kips/bolt

Number required  135/20.44  6. 60 Use 8 bolts

7.6-4

(a)

Bolt Single-shear Slip-critical design Single-shear Slip-critical allowable
Diameter design strength strength, one slip plane allowable strength strength, one slip plane

(in.) (kips) (kips) (kips) (kips)
1/2 7.952 4.068 5.301 2.712
5/8 12.425 6.441 8.283 4.294
3/4 17.892 9.492 11.928 6.328
7/8 24.353 13.221 16.236 8.814
1 31.809 17.289 21.206 11.526

1 1/8 40.258 18.984 26.839 12.656
1 1/4 49.701 24.069 33.134 16.046
1 3/8 60.138 28.815 40.092 19.210
1 1/2 71.569 34.917 47.713 23.278

(b) Shear never controls in a slip-critical connection; the slip-critical strength is always
smaller.
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7.6-5

Determine the nominal strengths for all limit states. For bolt shear,

Ab  d2/4  1.1252/4  0.994 in.2

Rn  FnvAb  540.994  53. 68 kips/bolt

Slip-critical strength: From AISC Table J3-1, the minimum bolt tension is Tb  56
kips. From AISC Equation J3-4,

Rn  DuhfTbns  0.301.131.0561.0  18. 98 kips/bolt

Bearing: h  d  1
16  1 1

8  1
16  1. 188 in.

Edge bolts: ℓc  ℓe − h
2  2 − 1.188

2  1. 406 in.

Rn  1.2ℓctFu  1.21.4061/258  48. 93 kips/bolt

Upper limit  2.4dtFu  2.41.1251/258

 78.3 kips/bolt  48.93 kips/bolt∴ use Rn  48.93 kips/bolt

Other bolts: ℓc  s − h  3 − 1.188  1. 812 in.

Rn  1.2ℓctFu  1.21.8121/258  63. 06 kips/bolt

2.4dtFu  78.3 kips/bolt  63.06 kips/bolt∴ use Rn  63.06 kips/bolt

Tension on the gross section: Ag  0.56.5  3. 25 in.2

Pn  FyAg  363.25  117.0 kips

Tension on the net section:

Ae  An  Ag − tdh  3.25 − 2 1
2 1 1

8  1
8  2.0 in.2

Pn  FuAe  582.0  116.0 kips

Check block shear (tension member controls).
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2" 3" 2"

1 3/4"

1 3/4"

PL ½ × 6½

t = 5/8"

3"

Agv  2  1
2 3  2  5.0 in.2

Anv  2  1
2 3  2 − 1.5 1 1

8  1
8  3. 125 in.2

Ant  1
2 3 − 1 1

4  0.875 in.2

For this type of block shear, Ubs  1.0. From AISC Equation J4-5,

Rn  0.6FuAnv  UbsFuAnt

 0.6583.125  1.0580.875  159. 5 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.6365.0  1.0580.875  158. 8 kips

The nominal block shear strength is therefore 158.8 kips.

(a) LRFD solution. Compute design strengths:

For bolt shear, Rn  0.7553.68  40. 26 kips/bolt

For bolt slip, Rn  1.0018.98  18. 98 kips/bolt

For bearing, Rn  0.7548.93  36.70 kips/bolt

The total bolt strength is

Rn  418.98  75. 92 kips

For tension on the gross section, Rn  0.90117.0  105. 3 kips

For tension on the net section, Rn  0.75116.0  87.0 kips
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For block shear, Rn  0.75158.8  119. 1 kips

Bolt strength controls: Rn  75.92  Pu

1.2D  1.6L  1.2D  1.63D  75.92, Solution is: D  12. 65

P  D  L  12.65  312.65  50. 6 kips P  50.6 kips

(b) ASD solution. Compute allowable strengths:

For bolt shear, Rn
  53.68

2.00  26. 84 kips/bolt

For bolt slip, Rn
  18.98

1.50  12. 65 kips/bolt

For bearing, Rn
  48.93

2.00  24. 46 kips/bolt

The total bolt strength is

Rn
  412.65  50. 6 kips

For tension on the gross section, Rn
t

 117.0
1.67  70. 06 kips

For tension on the net section, Rn
t

 116.0
2.00  58.0 kips

For block shear, Rn
  158.8

2.00  79. 4 kips

Bolt strength controls: Pa  50.6 kips P  50.6 kips

7.6-6

Before proceeding to the LRFD and ASD solutions, compute the nominal bolt shear,
bearing, and block shear strengths

Check slenderness: L
rmin

 L
rz

 912
0.756  143  300 (OK)

For shear,

Ab  d2/4  1.1252/4  0.994 in.2
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Rn  FnvAb  540.994  53. 68 kips/bolt

Slip-critical strength: From AISC Table J3-1, the minimum bolt tension is Tb  56
kips. From AISC Equation J3-4,

Rn  DuhfTbns  0.301.131.0561.0  18. 98 kips/bolt

Bearing: h  d  1
16  1 1

8  1
16  1. 188 in.

Edge bolt: ℓc  ℓe − h
2  2 − 1.188

2  1. 406 in.

Rn  1.2ℓctFu  1.21.4063/858  36. 70 kips/bolt

Upper limit  2.4dtFu  2.41.1253/858  58. 73

 58.73 kips/bolt  36.70 kips/bolt∴ use Rn  36.70 kips/bolt

Other bolts: ℓc  s − h  3.5 − 1.188  2. 312 in.

Rn  1.2ℓctFu  1.22.3123/858  60. 34 kips/bolt

2.4dtFu  58.73 kips/bolt  60.34 kips/bolt∴ use Rn  58.73 kips/bolt

For the connection, the strength for each bolt is the minimum of the shear, slip-critical,
and bearing values. The slip-critical strength controls for each bolt in this connection:

Total Rn  618.98  113. 9 kips

Tension on the gross section: Pn  FyAg  364.50  162.0 kips

Tension on the net section: Use a hole diameter of 1 1
8  1

8  1. 25

An  Ag − tdh  4.50 − 1
2 1.25  3. 875 in.2

U  1 − x̄
ℓ  1 − 0.829

17.5  0.9526

Ae  AnU  3.8750.9526  3. 691 in.2

Pn  FuAe  583.691  214. 1 kips
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Check block shear on the angle.

Agv  1
2 53.5  2  9. 75 in.2

Anv  1
2 53.5  2 − 0.51.25  9. 438 in.2

Ant  1
2 2.5 − 0.51.25  0.9375 in.2

For this type of block shear, Ubs  1.0. From AISC Equation J4-5,

Rn  0.6FuAnv  UbsFuAnt

 0.6589.438  1.0580.9375  382. 8 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.6369.75  1.0580.9375  265. 0 kips

The nominal block shear strength is therefore 265.0 kips.

(a) LRFD solution. Compute design strengths:

The bolt strength is Rn  1.00132. 9  133 kips

For tension on the gross section, Rn  0.90162.0  146 kips

For tension on the net section, Rn  0.75214.1  161 kips

For block shear, Rn  0.75265.0  199 kips

The bolt strength controls. Rn  133 kips

For load combination 2, Pu  1.2D  1.6L  1.220  1.660  120.0 kips

For load combination 4, Pu  1.2D  1.6W  0.5L  1.220  1.620  0.560

 86.0 kips

∴ combination 2 controls; Pu  120 kips 133 kips (OK)

member and connection are satisfactory.
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(b) ASD Solution. Compute allowable strengths:

The bolt strength is Rn/  132.9/1.50  88. 6 kips

For tension on the gross section, Rn/  162.0/1.67  97. 0 kips

For tension on the net section, Rn/  214.1/2.00  107 kips

For block shear, Rn/  265.0/2.00  133 kips

Slip-critical strength controls. Rn/  88.6 kips

For load combination 2, Pa  D  L  20  60  80 kips

For load combination 6, Pa  D  0.75W  0.75L  20  0.7520  0.7560  80
kips

∴ Pu  80 kips  88.6 kips (OK)

member and connection are satisfactory

7.7-1

(a) LRFD Solution

Pu  1.2D  1.6L  1.240  1.680  176.0 kips

From Manual Table 7-1, the bolt shear strength is rn  59.9 kips

From Manual Table 7-3, the bolt slip-critical strength is rn  28.8 kips

Number of bolts required  176
28.8  6. 11 try 8 bolts for symmetry.

Minimum spacing  2 2
3 d  2.667 1 3

8  3. 667 in., try 4 in.

Minimum edge distance from AISC Table J3.4  1 1
4  d  1 1

4  1 3
8

 1.72 in., try 2 in.
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Check bearing. To determine which component to check, compare the product of the
thickness and the ultimate stress (the edge distances and spacings are the same for both
components). For the gusset plate,

tFu  0.558  29.0 kips/in.

For the tension member, Fu  70 ksi for A242 steel, and

twFu  0.44870  31. 36 kips/in.  29.0 kip/in

∴ check bearing on the gusset plate, with t  1/2 in. and Fu  58 ksi.

Edge bolts: From Manual Table 7-5 and an edge distance of 2 in.,

rn  t66.9  0.566.9  33.5 kips

Inner bolts: From Manual Table 7-4 and a spacing of 2 2
3 d (slightly less than the actual

spacing),

rn  t66.9  0.5116  58.0 kips

Slip critical strength controls. Since the number of bolts was determined from the
slip-critical strength, 6 bolts are adequate.

Use 8 bolts in two rows, with ℓe  2 in. and s  4 in.

(b) ASD Solution

Pa  D  L  40  80  120 kips

From Manual Table 7-1, the bolt shear strength is rn
  40.0 kips

From Manual Table 7-3, the bolt slip-critical strength is rn
  19.2 kips

Number of bolts required  120
19.2  6. 25; try 8 bolts for symmetry.

Minimum spacing  2 2
3 d  2.667 1 3

8  3. 667 in., try 4 in.

Minimum edge distance from AISC Table J3.4  1 1
4  d  1 1

4  1 3
8  1.72 in., try 2

in.
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Check bearing. To determine which component to check, compare the product of the
thickness and the ultimate stress (the edge distances and spacings are the same for both
components). For the gusset plate,

tFu  0.558  29.0 kips/in.

For the tension member, Fu  70 ksi for A242 steel, and

twFu  0.44870  31. 36 kips/in.  29.0 kip/in

∴ check bearing on the gusset plate, with t  1/2 in. and Fu  58 ksi.

Edge bolts: From Manual Table 7-5 and an edge distance of 2 in.,

rn
  t44.6  0.544.6  22. 3 kips

Inner bolts: From Manual Table 7-4 and a spacing of 2 2
3 d (slightly less than the actual

spacing),

rn
  t77.6  0.577.6  38. 8 kips

Slip critical strength controls. Since the number of bolts was determined from the
slip-critical strength, 8 bolts are adequate.

Use 8 bolts in two rows, with ℓe  2 in. and s  4 in.

7.7-2

Load Combination 2: 1.2D  1.6L  1.250  1.6100  220.0 kips

Load Combination 4: 1.2D  1.0W  0.5L  1.250  1.045  0.5100  155.0
kips

Combination 2 controls; use Pu  220 kips. Slip-critical strength will control over
shear. Use the following spreadsheet table to help select the number of bolts.
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Diameter T b No. bolts
(in.) (kips) (kips) required
1/2 12 4.068 54.1
5/8 19 6.441 34.2
3/4 28 9.492 23.2
7/8 39 13.221 16.6
1 51 17.289 12.7

1 1/8 56 18.984 11.6
1 1/4 71 24.069 9.1
1 3/8 85 28.815 7.6
1 1/2 103 34.917 6.3

bolt/nR

Try ten 1 1
4 -inch diameter bolts in two lines. Rn  1024.07  240. 7 kips  220

kips (OK)

Select a tension member.

Required Ag 
Pu

0.9Fy
 220

0.936  6. 79 in.2

Required Ae 
Pu

0.75Fu
 220

0.7558  5. 06 in.2

Required rmin  L
300  20  12

300  0.80 in.

Try L8  6  5
8

Ag  8.41 in.2  6.79 in.2 (OK) rmin  rz  1.29 in.  0.80 in. (OK)

An  8.41 − 2 1 1
4  1

8
5
8  6. 691 in.2

Use the alternative value of U from AISC Table D3.1, Case 8 (4 or more bolts per line):

Ae  AnU  6.6910.80  5. 35 in.2  5.06 in.2 (OK)

Determine the bolt layout. In the transverse direction, use the usual gage distances.
For the longitudinal direction,

Minimum spacing  2 2
3 d  2.667 1 1

4  3. 334 in. Use 3 1
2 in.

Minimum edge distance from AISC Table J3.4  1 5
8 in. Use 2 in.

[7-23]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Check bearing:

Edge bolts: From Manual Table 7-5 and an edge distance of 2 in.,

rn  t66.9  0.37570.1  26.3 kips

Inner bolts: From Manual Table 7-4 and a spacing of 2 2
3 d (slightly less than the actual

spacing),

rn  t105  0.375105  39.4 kips

Bolt strength is controlled by the slip-critical limit state, and no further check is
necessary.

Check block shear on the gusset plate. For hole diameters, use 1 1
4  1

8  1. 375 in.

Agv  3
8 43.5  2  2  12.0 in.2

Anv  3
8 16 − 4.51.375  2  7. 359 in.2

Ant  3
8 3 − 11.375  0.6094 in.2

Rn  0.6FuAnv  UbsFuAnt

 0.6587.359  1.0580.6094  291. 4 kips

0.6FyAgv  UbsFuAnt  0.63612.0  1.0580.6094  294. 5 kips

The nominal block shear strength of the gusset plate is therefore 291.4 kips

The design block shear strength is Rn  0.75291.4  219 kips  Pu  220 kips
(N.G.)

Increase the block shear strength by increasing the edge distance and spacing.

Try ℓe  2.5 in. and s  4 in.

Agv  3
8 44  2.5  2  13. 88 in.2

Anv  3
8 18.5 − 4.51.375  2  9. 234 in.2
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Ant  3
8 3 − 11.375  0.6094 in.2

From AISC Equation J4-5,

Rn  0.6FuAnv  UbsFuAnt

 0.6589.234  1.0580.6094  356. 7 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.63613.88  1.0580.6094  335. 2 kips

Rn  0.75335.2  251 kips  220 kips (OK)

Use an L8  6  5
8 and ten 1 1

4 -inch diameter Group A bolts in two lines.

Use ℓe  2.5 in., s  4 in., and the workable gage distances from AISC Table 1-7A.

(b) ASD Solution

Load Combination 2: D  L  50  100  150 kips

Load Combination 6: D  0.75L  0.750.6W  50  0.75100  0.750.645 
145. 3 kips

Combination 2 controls; use Pa  150 kips. Slip-critical strength will control over
shear. Use the following spreadsheet table to help select the number of bolts.

Diameter T b No. bolts
(in.) (kips) per bolt (kips) required
1/2 12 2.712 55.3
5/8 19 4.294 34.9
3/4 28 6.328 23.7
7/8 39 8.814 17.0
1 51 11.526 13.0

1 1/8 56 12.656 11.9
1 1/4 71 16.046 9.3
1 3/8 85 19.210 7.8
1 1/2 103 23.278 6.4

/nR
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Try ten 1 1
4 -inch diameter bolts in two lines. Rn

  1016.05  161 kips  150 kips

(OK)

Select a tension member.

Required Ag 
Pa

0.6Fy
 150

0.636  6. 94 in.2

Required Ae 
Pa

0.5Fu
 150

0.558  5. 17 in.2

Required rmin  L
300  20  12

300  0.80 in.

Try L8  6  5
8

Ag  8.41 in.2  6.94 in.2 (OK) rmin  rz  1.29 in.  0.80 in. (OK)

An  8.41 − 2 1 1
4  1

8
5
8  6. 691 in.2

Use the alternative value of U from AISC Table D3.1, Case 8 (4 or more bolts per line):

Ae  AnU  6.6910.80  5. 35 in.2  5.17 in.2 (OK)

Determine the bolt layout. In the transverse direction, use the usual gage distances.
For the longitudinal direction,

Minimum spacing  2 2
3 d  2.667 1 1

4  3. 334 in. Use 4 in.

Minimum edge distance from AISC Table J3.4  1 5
8 in. Use 2 1

2 in. Check
bearing:

Edge bolts: From Manual Table 7-5 and an edge distance of 2 in. (this is less than the
actual edge distance and is conservative),

rn
  t46.8  0.375136  kips

Inner bolts: From Manual Table 7-4 and a spacing of 2 2
3 d (less than the actual

spacing),

rn
  t70.3  0.37570.3  26. 36 kips
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Bolt strength is controlled by the slip-critical limit state, and no further check is
necessary.

Check block shear on the gusset plate. For hole diameters, use 1 1
4  1

8  1. 375 in.

Agv  3
8 44  2.5  2  13. 88 in.2

Anv  3
8 18.5 − 4.51.375  2  9. 234 in.2

Ant  3
8 3 − 11.375  0.6094 in.2

From AISC Equation J4-5,

Rn  0.6FuAnv  UbsFuAnt

 0.6589.234  1.0580.6094  356. 7 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.63613.88  1.0580.6094  335. 2 kips

Rn
  335.2

2.00  168 kips  Pa  150 kips (OK)

Use an L8  6  5
8 and ten 1 1

4 -inch diameter Group A bolts in two lines.

Use ℓe  2.5 in., s  4 in., and the workable gage distances from AISC Table 1-7A.

7.7-3

(a) LRFD Solution: Pu  1.2D  1.6L  1.245  1.6105  222.0 kips

Try 1 1
8 -in. diameter bolts. Slip-critical strength will control over shear:

Rn  DuhfTbns  0.301.131.0562  37. 97 kips/bolt

Rn  0.7537.97  28. 48 kips/bolt

Number of bolts required  222
28.48  7.80 try 8 bolts in two rows.
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Select a tension member. Required Ag 
Pu

0.9Fy
 222

0.936  6. 85 in.2

Required Ae 
Pu

0.75Fu
 222

0.7558  5. 10 in.2

Required rmin  L
300  15  12

300  0.6 in.

Try 2L7  4  7
16 LLBB

Ag  9.26 in.2  6.85 in.2 (OK)

rmin  ry  1.55 in.  0.6 in. (OK)

An  9.26 − 4 1 1
8  1

8
7
16  7. 073 in.2

Use the alternative value of U from AISC Table D3.1, Case 8:

Ae  AnU  7.0730.80  5. 66 in.2  5.10 in.2 (OK)

Determine the bolt layout. In the transverse direction, use the usual gage distances.
For the longitudinal direction,

Minimum spacing  2 2
3 d  2.6671.125  3.0 in. Use 3 in.

Minimum edge distance from AISC Table J3.4  1 1
2 in. Use 2 in.

Try the following layout.

7"

2 1/2"

3"

2" 3 sp. @ 3" 2"
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Check bearing (gusset plate controls).

Edge bolts: From Manual Table 7-5 and an edge distance of 2 in.,

rn  t73.4  0.37573.4  27. 53 kips

Inner bolts: From Manual Table 7-4 and a spacing of 3 in.,

rn  t94.6  0.37594.6  35. 48 kips

For the connection, the strength for each bolt is the minimum of the slip-critical and
bearing values:

Edge bolts: bearing controls: rn  27.53 kips/bolt

Interior bolts: slip controls: rn  28.48 kips/bolt

Total strength  227.53  628.48  226 kips  Pu  220 kips (OK)

Check block shear on the gusset plate. For hole diameters, use 1 1
8  1

8  1. 25 in.

Agv  3
8 33  2  2  8. 25 in.2

Anv  3
8 11 − 3.51.25  2  4. 969 in.2

Ant  3
8 3 − 11.25  0.6563 in.2

Rn  0.6FuAnv  UbsFuAnt

 0.6584.969  1.0580.6563  211. 0 kips

0.6FyAgv  UbsFuAnt  0.6368.25  1.0580.6563  216. 3 kips

The nominal block shear strength of the gusset plate is therefore 211.0 kips

The design block shear strength is Rn  0.75211.0

 158. 3 kips  Pu  220 kips (N.G.)

Increase the bolt spacing. Try s  5 in.

Agv  3
8 35  2  2  12. 75 in.2
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Anv  3
8 17 − 3.51.25  2  9. 469 in.2

Ant  3
8 3 − 11.25  0.6563 in.2

Rn  0.6FuAnv  UbsFuAnt

 0.6589.469  1.0580.6563  367. 6 kips

0.6FyAgv  UbsFuAnt  0.63612.75  1.0580.6563  313. 5 kips

The nominal block shear strength of the gusset plate is therefore 313.5 kips

The design block shear strength is Rn  0.75313.5  235 kips  Pu  220 kips
(OK)

Use 2L7  4  7
16 LLBB and eight 1 1

8 -inch diameter Group A bolts in two lines as shown.

7"

2 1/2"

3"

2" 3 sp. @ 5" 2"

(b) ASD Solution: Pa  D  L  45  105  150 kips

Try 1 1
8 -in. diameter bolts. Slip-critical strength will control over shear:

Rn  DuhfTbns  0.301.131.0562  37. 97 kips/bolt

Rn
  37.97

2.00  18. 99 kips/bolt

Number of bolts required  150
18.99  7. 90 try 8 bolts in two rows.
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Select a tension member. Required Ag 
Pa

0.6Fy
 150

0.636  6. 94 in.2

Required Ae 
Pa

0.5Fu
 150

0.558  5. 17 in.2

Required rmin  L
300  15  12

300  0.6 in.

Try 2L7  4  7
16 LLBB

Ag  9.26 in.2  6.94 in.2 (OK)

rmin  ry  1.55 in.  0.6 in. (OK)

An  9.26 − 4 1 1
8  1

8
7
16  7. 073 in.2

Use the alternative value of U from AISC Table D3.1, Case 8:

Ae  AnU  7.3010.80  5. 84 in.2  5.17 in.2 (OK)

Determine the bolt layout. In the transverse direction, use the usual gage distances.
For the longitudinal direction,

Minimum spacing  2 2
3 d  2.6671.125  3.0 in. Use 3 in.

Minimum edge distance from AISC Table J3.4  1 3
4 in. Use 2 in.

Try the following layout.

7"

2 1/2"

3"

2" 3 sp. @ 3" 2"
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Check bearing (gusset plate controls).

Edge bolts: From Manual Table 7-5 and an edge distance of 2 in.,

rn
  t48.9  0.37548.9  18. 34 kips

Inner bolts: From Manual Table 7-4 and a spacing of 3 in.,

rn
  t63.1  0.37563.1  23. 66 kips

For the connection, the strength for each bolt is the minimum of the slip-critical and
bearing values:

Edge bolts: bearing controls: rn
  18.34 kips/bolt

Interior bolts: slip controls: rn
  18.99 kips/bolt

Total allowable strength  218.34  618.99  151 kips  Pa  150 kips (OK)

Check block shear on the gusset plate. For hole diameters, use 1 1
8  1

8  1. 25 in.

Agv  3
8 33  2  2  8. 25 in.2

Anv  3
8 11 − 3.51.25  2  4. 969 in.2

Ant  3
8 3 − 11.25  0.6563 in.2

Rn  0.6FuAnv  UbsFuAnt

 0.6584.969  1.0580.6563  211. 0 kips

0.6FyAgv  UbsFuAnt  0.6368.25  1.0580.6563  216. 3 kips

The nominal block shear strength of the gusset plate is therefore 211.0 kips

The allowable block shear strength is

Rn
  211.0

2.00  106 kips  Pa  150 kips (N.G.)

Increase the bolt spacing. Try s  5 in.
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Agv  3
8 35  2  2  12. 75 in.2

Anv  3
8 17 − 3.51.25  2  9. 469 in.2

Ant  3
8 3 − 11.25  0.6563 in.2

Rn  0.6FuAnv  UbsFuAnt

 0.6589.469  1.0580.6563  367. 6 kips

0.6FyAgv  UbsFuAnt  0.63612.75  1.0580.6563  313. 5 kips

The nominal block shear strength of the gusset plate is therefore 313.5 kips

The allowable block shear strength is

Rn
  313.5

2.00  157 kips  Pa  150 kips (OK)

7"

2 1/2"

3"

2" 3 sp. @ 5" 2"

Use 2L7  4  7
16 LLBB and eight 1 1

8 -inch diameter Group A bolts in two lines as shown.

7.8-1

b  5.5 − tw
2  5.5 − 0.585

2  2. 458 in

a  bf − 5.5
2  10.4 − 5.5

2  2. 45 in.
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1.25b  1.252.458  3. 073 in.  2.45 in.∴ use a  2.45 in.

b´  b − d
2  2.458 − 3/4

2  2. 083 in.

a´  a  d
2  2.45  3/4

2  2. 825 in.

d´  d  1
8  3

4  1
8  7

8 in.,

p  10/3  3. 333 in.

2b  22.458  4. 916  3.333 ∴use p  3.333 in.

  1 − d´/p  1 − 7/8/3.333  0.7375 in.

Ab 
3/42

4  0.4418 in.2

(a) LRFD solution.

B  Rn  FntAb  0.75900.4418  29. 82 kips

Total factored load  1.2D  1.6L  1.225  1.675  150.0 kips

T  150
6  25.0 kips/bolt

B
T − 1  29.82

25 − 1  0.1928, a´
b´  2.825

2.083  1. 356

 
B
T − 1 a´

b´
 1 − B

T − 1 a´
b´

 0.19281.356
0.73751 − 0.19281.356

 0.4799  1.0

Required tf  4Tb´
bpFu1  

 4252.083
0.903.333651  0.73750.4799

 0.888 in.

Actual thickness  0.985 in.  0.888 in. (OK)

Compute the total bolt force, including prying force (this step not required):

  1


4Tb´
bptf

2Fu
− 1  1

0.7375
4252.083

0.903.3330.985265
− 1
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 0.1371

  0.73750.1371  0.1011

Bc  T 1  
1  

b´
a´  25 1  0.1

1  0.1011
2.083
2.825  26. 67

 26. 67 kips  Rn  29.82 kips (OK)

Connection is adequate. Required tf  0.888 in.  0.985 in.

(b) ASD solution

The allowable tensile strength of one bolt is

B  Rn
  FntAb

  90.00.4418
2.00  19. 88 kips

The total applied load is

D  L  25  75  100 kips

The external load per bolt, excluding prying force, is T  100/6  16. 67 kips.

B
T − 1  19.88

16.67 − 1  0.1926, a´
b´  2.825

2.083  1. 356

  B/T − 1a′/b′
1 − B/T − 1a′/b′

 0.19261.356
0.73751 − 0.19261.356  0.4794

From Equation 7.19,

Required tf 
b4Tb′

pFu1  
 1.67416.672.083

3.333651  0.73750.4794

 0.889 in.  0.985 in. (OK)

Determine the total bolt force, including prying force (this step not required):

  1


b4Tb′
ptf

2Fu
− 1  1

0.7375
1.67416.672.083

3.3330.985265
− 1  0.1404
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Bc  T 1  
1  

b′
a′

 16.67 1  0.73750.1404
1  0.7375  0.1404

2.083
2.825

 17. 82 kips  19.88 kips (OK)

Connection is adequate. Required tf  0.889 in.  0.985 in.

7.8-2

For b, use the distance from the bolt centerline to the mid-thickness of the angle leg.

b  5.375 − 3/8 − 5/8
2  2. 188 in

a  4  4  3/8 − 5.375
2  1. 5 in.

1.25b  1.252.188  2. 735 in.  1.5 in.∴ use a  1.5 in.

b´  b − d
2  2.188 − 1/2

2  1. 938 in.

a´  a  d
2  1.5  1/2

2  1. 75 in.

d´  d  1
8  1

2  1
8  5

8 in., p  7
2  3. 5 in.

2b  22.188  4. 376  3.5 ∴ use p  3.5 in.

  1 − d´/p  1 − 5/8/3.5  0.8214 in.

Ab 
1/22

4  0.1963 in.2

(a) LRFD solution.

B  Rn  FntAb  0.75900.1963  13. 25 kips

Total factored load  1.2D  1.6L  1.26  1.615  31. 2 kips

T  31.2
4  7. 8 kips/bolt

B
T − 1  13.25

7.8 − 1  0.6987, a´
b´  1.75

1.938  0.9030
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B
T − 1 a´

b´
 1 − B

T − 1 a´
b´

 0.69870.9030
0.82141 − 0.69870.9030

 2. 081  1.0

∴ use   1.0

Required tf  4Tb´
bpFu1  

 47.81.938
0.903.5581  0.82141.0

 0.426 in.

Actual thickness  5/8 in.  0.426 in. (OK)

Compute the total bolt force, including prying force (this step not required):

  1


4Tb´
bptf

2Fu
− 1  1

0.8214
47.81.938

0.903.55/8258
− 1  − 0.1860

Since  must be between 0 and 1 inclusive, use   0

  0.82140  0

Bc  T 1  
1  

b´
a´  7.8 1  0

1  0
1.938
1.75  7. 8

 7.8 kips  Rn  13.25 kips (OK)

Connection is adequate. Required tf  0.426 in.  5/8 in.

(b) ASD solution

The allowable tensile strength of one bolt is

B  Rn
  FntAb

  90.00.1963
2.00  8. 834 kips

The total applied load is

D  L  6  15  21 kips

The external load per bolt, excluding prying force, is T  21/4  5. 25 kips.

B
T − 1  8.834

5.25 − 1  0.6827, a´
b´  1.75

1.938  0.9030
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  B/T − 1a′/b′
1 − B/T − 1a′/b′

 0.68270.9030
0.82141 − 0.68270.9030  1. 96  1.0

∴ use   1.0

From Equation 7.19,

Required tf 
b4Tb′

pFu1  
 1.6745.251.938

3.5581  0.82141.0

 0.429 in.  5/8 in. (OK)

Determine the total bolt force, including prying force (this step not required):

  1


b4Tb′
ptf

2Fu
− 1  1

0.8214
1.6745.251.938

3.55/8258
− 1  − 0.1740

Since  must be between 0 and 1 inclusive, use   0

Bc  T 1  
1  

b′
a′

 5.25 1  0
1  0

1.938
1.75

 5.25 kips  8.834 kips (OK)

Connection is adequate. Required tf  0.429 in.  5/8 in.

7.9-1

Nominal shear strength (assume that the threads are in shear):

Ab  d2

4  7/82

4  0.6013 in.2

Rn  FnvAb  540.6013  32. 47 kips/bolt

Bearing strength (the WT flange controls): h  7
8  1

16  0.9375 in.

For the hole nearest the edge, ℓc  ℓe − h
2  2 − 0.9375

2  1. 531 in.

Rn  1.2ℓctFu  1.21.5310.64065  76. 43 kips

2.4dtFu  2.47/80.64065  87. 36 kips
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∴ use Rn  76.43 kips

For the other bolts, ℓc  s − h  3 − 0.9375  2. 063 in.

Rn  1.2ℓctFu  1.22.0630.64065  103. 0 kips

2.4dtFu  87.36 kips  103.0 kips∴ use Rn  87.36 kips

(a) LRFD solution

Pu  1.2D  1.6L  1.284  1.666  206. 4 kips

Tu  Tensile force  206.4cos30°  178. 7 kips, or 178.7
8  22. 34 kips/bolt

Vu  Shear/bearing force  206.4sin30°  103. 2 kips, or 103.2
8  12. 9

kips/bolt

The design shear strength is Rn  0.7532.47  24. 35 kips  12.9 kips (OK)

For the design bearing strength, conservatively use the smaller of the two strengths
computed:

Rn  0.7576.43  57.3 kips  12.9 kips (OK)

Tensile strength:

Fnt
′  1.3Fnt − Fnt

Fnv
frv ≤ Fnt, frv  12.9

0.6013  21. 45 ksi

Fnt
′  1.390 − 90

0.7554 21.45  69. 33 ksi  90 ksi

Rn  Fnt
′ Ab  0.7569.330.6013  31.3 kips/bolt  22. 3 kips/bolt (OK)

The connection is adequate.

(b) ASD solution

Pa  D  L  84  66  150 kips

Ta  Tensile force  150cos30°  129. 9 kips, or 129.9
8  16. 24 kips/bolt

Va  Shear/bearing force  150sin30°  75. 00 kips, or 75.00
8  9. 375
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kips/bolt

The allowable shear strength is Rn
  32.47

2.00  16. 23 kips  9.38 kips (OK)

For the allowable bearing strength, conservatively use the smaller of the two strengths
computed:

Rn
  76.43

2.00  38. 2 kips  9.375 kips (OK)

Tensile strength:

Fnt
′  1.3Fnt − Fnt

Fnv
frv ≤ Fnt, frv  9.375

0.6013  15. 59 ksi

Fnt
′  1.390 − 2.0090

54 15.59  65. 03 ksi  90 ksi

Rn
  Fnt

′ Ab
  65.030.6013

2.00  19.6 kips/bolt  16.2 kips/bolt (OK)

The connection is adequate.

7.9-2

Nominal shear strength:

Ab  d2

4  3/42

4  0.4418 in.2

Rn  FnvAb  540.4418  23. 86 kips/bolt

Bearing strength (tf  0.605 in. for both W and WT):

Rn  2.4dtFu  2.43/40.60565  70. 79 kips

(a) LRFD solution

Pu  1.2D  1.6L  1.230  1.670  148.0 kips

Tu  Tensile force  148 2
5

 132. 4 kips, or 132.4
6  22.1 kips/bolt
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Vu  Shear/bearing force  148 1
5

 66. 19 kips, or 66.19
6  11.03

kips/bolt

The design shear strength is Rn  0.7523.86  17. 90 kips  11.0 kips (OK)

The design bearing strength is Rn  0.7570.79  53.1 kips  11.0 kips (OK)

Tensile strength:

Fnt
′  1.3Fnt − Fnt

Fnv
frv ≤ Fnt, frv  11.03

0.4418  24. 97 ksi

Fnt
′  1.390 − 90

0.7554 24.97  61. 51 ksi  90 ksi

Rn  Fnt
′ Ab  0.7561.510.4418  20.4 kips/bolt  22.1 kips/bolt (N.G.)

The connection is not adequate.

(b) ASD solution

Pa  D  L  30  70  100 kips

Ta  Tensile force  100 2
5

 89. 44 kips, or 89.44
6  14. 9 kips/bolt

Va  Shear/bearing force  100 1
5

 44. 72 kips, or

44.72
6  7. 453 kips/bolt

The allowable shear strength is Rn
  23.86

2.00  11. 93 kips  7.453 kips (OK)

The allowable bearing strength is Rn
  70.79

2.00  35.4 kips  7.453 kips (OK)

Tensile strength:

Fnt
′  1.3Fnt − Fnt

Fnv
frv ≤ Fnt, frv  7.453

0.4418  16. 87 ksi

Fnt
′  1.390 − 2.0090

54 16.87  60. 77 ksi  90 ksi
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Rn
  Fnt

′ Ab
  60.770.4418

2.00  13. 4 kips/bolt  14.9 kips/bolt (N.G.)

The connection is not adequate.

7.9-3

(a) LRFD solution

Pu  1.2D  1.6L  1.220  1.660  120.0 kips

Tu  3
5 120  72.0 kips, Vu  4

5 120  96.0 kips

Assume that the tension strength will control:

Fnt
′  1.3Fnt − Fnt

Fnv
frv ≤ Fnt

 1.390 − 90
0.7554 frv  117.0 − 2. 222 frv ≤ 90

Fnt
′  0.75117 − 2.222frv ≤ 0.7590  87.75 − 1.667frv ≤ 67.5

Let Fnt
′  72

Ab
and frv  96

Ab

72
Ab

 87.75 − 1.667 96
Ab

72  87.75Ab − 160.0, Solution is: Ab  2. 644 in.2

Required Ab 
Ab
12  2.644

12  0.2203 in.2

Required diameter  db 
4Ab
  40.2203

  0.5296 in.

Try 7
8 -in. diameter bolts, with Ab  7/82/4  0.6013 in.2

Required Nb 
Ab
Ab

 2.644
0.6013  4. 397, Try 6 bolts for symmetry.

First, check the upper limit on Fnt
′ :
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frv  96
Ab

 96
60.6013  26. 61 ksi

Fnt
′  117 − 2.222frv  117 − 2.22226.61  57. 87 ksi  90 ksi (OK)

Check shear: Vu/bolt  96/6  16.0 kips/bolt

Rn  FnvAb  0.75540.6013  24. 35 kips/bolt  16.0 kips/bolt (OK)

Bearing strength (the WT flange thickness controls):

2.4dtFu  0.752.47/80.34565

 35. 3 kips/bolt  16.0 kips/bolt (OK)

Use 6 bolts.

(b) ASD solution

Ta  3
5 80  48 kips, Va  4

5 80  64 kips

Assume that tension controls:

Fnt
′  1.3Fnt − Fnt

Fnv
frv ≤ Fnt

 1.390 − 2.0090
54 frv ≤ 90  117 − 3.333frv ≤ 90

Fnt
′

  117 − 3.333frv
2.00 ≤ 90

2.00  58.5 − 1.667frv ≤ 45

Let Fnt
′

  48
Ab

and frv  64
Ab

where Ab is the total bolt area. Substituting and solving for Ab, we get

48
Ab

 58.5 − 1.667 64
Ab

48  58.5Ab − 106.7, Solution is: Ab  2. 644 in.2

Try 7
8 -in. diameter bolts, with Ab  7/82/4  0.6013 in.2

The number of bolts required is Nb 
Ab
Ab

 2.644
0.6013  4. 397

[7-43]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Try six bolts for symmetry. First, check the upper limit on Fnt
′ :

frv  64
Ab

 64
60.6013  17. 74 ksi

Fnt
′  117 − 3.333frv  117 − 3.33317.74  57.87 ksi  90 ksi (OK)

Check shear.

Va/bolt  64/6  10.7 kips

Rn
  FnvAb

2.00  540.6013
2.00  16. 24 kips/bolt  10.7 kips/bolt (OK)

Bearing strength (the WT flange thickness controls):

2.4dtFu
  2.47/80.34565

2.00  23.6 kips/bolt  10.7 kips/bolt (OK)

Use 6 bolts.

7.9-4

(a) LRFD solution

Tension member-to-gusset plate connection:

Pu  1.2D  1.6L  1.20.25  120  1.60.75  120  180 kips

Bolt shear strength:

Ab  d2/4  7/82/4  0.6013 in. 2

Rn  FnvAb  0.75680.6013  2 shear planes  61. 33 kips/bolt

Check bearing on the gusset plate assuming upper limit controls.

Rn  2.4dtFu  0.752.47/87/858  79. 9 kips/bolt

Slip-critical strength: From AISC Table J3.1, Tb  49 kips

Rn  DuhfTbns  0.301.131.0492  33. 22 kips/bolt

Rn  1.033.22  33. 22 kips/bolt (controls)
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Number required  180/33.22  5. 42 bolts. Use 6.

Gusset plate-to-column angles connection:

Bearing on the angles will control, because 2  3
8 in.  7

8 in.

Rn  2.4dtFu  0.752.47/82  3
8 58  68. 5 kips/bolt

Shear strength and slip-critical strength are same as for tension member-to-gusset plate
connection, ∴ use 6 bolts.

Connection angles-to-column flange connection: assume that the slip-critical strength
will control. Select the number of bolts based on slip-critical strength, then check
tension.

Tu  Vu  1
2
180  127. 3 kips

Reduction factor  ksc  1 − Tu
DuTbnb

 1 − 127.3
1.1349nb

Let 127.3  nb 38.76 1 − 127.3
1.1349nb

, Solution is: nb  5. 583

Use 6 rows of 2 bolts for symmetry and to match the arrangement of gusset
plate-to-connection angle bolts. Check tension.

Shear/tension load per bolt  127.3/12  10. 61 kips

Rn  FntAb  0.75900.6013  40.6 kips/bolt  10.61 kips/bolt (OK)

Minimum spacing  2 2
3 d  2.6677/8  2. 33 in.

Minimum edge distance from AISC Table J3.4  1 1
8 in.

Try ℓe  1 1
2 in. and s  2 1

2 in. for all connection elements and check bearing.

For the angles-to-column connection, the angle thickness will control (3/8 in.  0.695
in.:

h  7
8  1

16  0.9375 in.
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For the hole nearest the edge, ℓc  ℓe − h
2  1.5 − 0.9375

2  1. 031 in.

Rn  1.2ℓctFu  0.751.21.0313/858

 20.2 kips  10.61 kips (OK)

2.4dtFu  0.752.47/83/858  34.3 kips/bolt

For the other bolts, ℓc  s − h  2.5 − 0.9375  1. 563 in.

Rn  1.2ℓctFu  0.751.21.5633/858

 30. 6 kips  10.61 kips (OK)

For the tension member connection, the gusset plate thickness will control:

For the hole nearest the edge,

Rn  1.2ℓctFu  0.751.21.0317/858

 47.1 kips  180/6  30 kips (OK)

2.4dtFu  0.752.47/87/858  79. 9 kips/bolt

For the other bolts,

Rn  1.2ℓctFu  0.751.21.5637/858  71.4 kips  30 kips (OK)

For the gusset plate-to-column connection angles,

Rn 
23/8

7/8  47.1  40.4 kips/bolt  30 kips/bolt (OK)

Summary:

Use 6 bolts for tension member-to-gusset plate connection;
use 6 bolts for gusset-plate-to connection angles connection;
use 12 bolts for connection angles to column flange connection;
use edge distances of 1 1

2 in. and bolt spacings of 2 1
2 in. throughout.
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(b) ASD solution

Tension member-to-gusset plate connection:

Pa  D  L  120 kips

Bolt shear strength:

Ab  d2/4  7/82/4  0.6013 in. 2

Rn
  1

 FnvAb  1
2.00 680.6013  2 shear planes  40.89 kips/bolt

Check bearing on the gusset plate assuming upper limit controls.

Rn
  1

 2.4dtFu  1
2.00 2.47/87/858  53.3 kips/bolt

Slip-critical strength: From AISC Table J3.1, Tb  49 kips

Rn  DuhfTbns  0.301.131.0492  33. 22 kips/bolt

Rn
  33.22

1.50  22. 15 kips/bolt (controls)

Number required  120/22.15  5. 42 bolts. Use 6.

Gusset plate-to-column angles connection:

Bearing on the angles will control, because 2  3
8 in.  7

8 in.

Rn
  1

 2.4dtFu  1
2.00 2.47/82  3

8 58  45.7 kips/bolt

Shear strength and slip-critical strength are same as for tension member-to-gusset plate
connection, ∴ use 6 bolts.

Connection angles-to-column flange connection: assume that the slip-critical strength
will control. Select the number of bolts based on slip-critical strength, then check
tension.

Ta  Va  1
2
120  84. 85 kips

Reduction factor  ksc  1 − 1.5Ta
DuTbnb

 1 − 1.584.85
1.1349nb
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Let 84.85  nb 25.84 1 − 1.584.85
1.1349nb

, Solution is: nb  5. 58

Use 6 rows of 2 bolts for symmetry and to match the arrangement of gusset
plate-to-connection angle bolts. Check tension.

Shear/tension load per bolt  84.85/12  7. 07 kips

Rn
  1

 FntAb  1
2.00 900.6013  27.1 kips/bolt  7.07 kips/bolt (OK)

Minimum spacing  2 2
3 d  2.6677/8  2. 33 in.

Minimum edge distance from AISC Table J3.4  1 1
8 in.

Try ℓe  1 1
2 in. and s  2 1

2 in. for all connection elements and check bearing.

For the angles-to-column connection, the angle thickness will control (3/8 in.  0.695
in.:

h  7
8  1

16  0.9375 in.

For the hole nearest the edge, ℓc  ℓe − h
2  1.5 − 0.9375

2  1. 031 in.

Rn
  1

 1.2ℓctFu  1
2.00 1.21.0313/858

 13.5 kips  7.07 kips (OK)

1
 2.4dtFu  1

2.00 2.47/83/858  22. 8 kips/bolt

For the other bolts, ℓc  s − h  2.5 − 0.9375  1. 563 in.

Rn
  1

 1.2ℓctFu  1
2.00 1.21.5633/858

 20. 4 kips  7.07 kips (OK)

For the tension member connection, the gusset plate thickness will control:

For the hole nearest the edge,

Rn
  1

 1.2ℓctFu  1
2.00 1.21.0317/858
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 31.4 kips  120/6  20 kips (OK)

1
 2.4dtFu  1

2.00 2.47/87/858  53.3 kips/bolt

For the other bolts,

Rn
  1

 1.2ℓctFu  1
2.00 1.21.5637/858

 47.6 kips  20 kips (OK)

For the gusset plate-to-column connection angles,

Rn
  23/8

7/8  31.4  26. 9 kips/bolt  20 kips/bolt (OK)

Summary:

Use 6 bolts for tension member-to-gusset plate connection;
use 6 bolts for gusset-plate-to connection angles connection;
use 12 bolts for connection angles to column flange connection;
use edge distances of 1 1

2 in. and bolt spacings of 2 1
2 in. throughout.

7.9-5

Let   angle that load makes with the horizontal  arctan12.5/13  43.88°

(a) LRFD solution

Pu  1.2D  1.6L  1.255  1.6145  298.0 kips

Tu  298cos43.88°  214. 8 kips, Vu  298sin43.88°  206. 6 kips

Assume that tension controls:

Fnt
′  1.390 − 90

0.7554 frv ≤ 90

 117 − 2.222frv ≤ 90

Fnt
′  0.75117 − 2.222frv ≤ 0.7590
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 87.75 − 1.667frv ≤ 67.5

Let Fnt
′  214.8

Ab
and frv  206.6

Ab

214.8
Ab

 87.75 − 1.667 206.6
Ab

214.8  87.75Ab − 344.3, Solution is: Ab  6. 372 in.2

Required Ab 
Ab
12  6.372

12  0.531 in.2

Required diameter  db 
4Ab
  40.531

  0.8222 in.

Try 7
8 -in. diameter bolts, with Ab  7/82/4  0.6013 in.2

Check the upper limit on Ft:

frv  206.6
Ab

 206.6
120.6013  28. 63 ksi

Fnt
′  117 − 2.222fnv  117 − 2.22228.63  53. 38 ksi  90 ksi (OK)

Check shear: Vu/bolt  206.6/12  17. 2 kips/bolt

Rn  FnvAb  0.75540.6013  24. 35 kips/bolt  17. 2 kips/bolt (OK)

Check bearing. h  7
8  1

16  0.9375 in.

For the holes nearest the edge, ℓc  ℓe − h
2  2.5 − 0.9375

2  2. 031 in.

Rn  1.2ℓctFu  0.751.22.0311.1165  132 kips  17.2 kips (OK)

2.4dtFu  0.752.47/81.1165  114 kips/bolt  17.2 kips (OK)

For the other holes, ℓc  s − h  4 − 0.9375  3. 063 in. Since this is larger than ℓc
for the edge bolts, no further check is necessary.
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Minimum spacing  2 2
3 d  2.6677/8  2. 33 in.  4 in. (OK)

Minimum edge distance from AISC Table J3.4  1.5 in.  2.5 in. (OK)

Required d  0.822 in.; use 7
8 -in.-diameter bolts

(b) ASD solution

Pa  D  L  55  145  200 kips

Ta  200cos43.88°  144. 2 kips, Va  200sin43.88°  138. 6 kips

Assume that tension controls:

Fnt
′  1.390 − 2.0090

54 frv ≤ 90

 117 − 3.333frv ≤ 90

Fnt
′

  117 − 3.333frv
2.00 ≤ 90

2.00

 58.5 − 1.667frv ≤ 45

Let Fnt
′

  144.2
Ab

and frv  138.6
Ab

144.2
Ab

 58.5 − 1.667 138.6
Ab

144.2  58.5Ab − 231, Solution is: Ab  6. 414 in.2

Required Ab 
Ab
12  6.414

12  0.5345 in.2

Required diameter  db 
4Ab
  40.5345

  0.8249 in.

Try 7
8 -in. diameter bolts, with Ab  7/82/4  0.6013 in.2

Check the upper limit on Ft:

frv  138.6
Ab

 138.6
120.6013  19. 21 ksi

Fnt
′  117 − 3.75frv  117 − 3.7519.21  44. 96 ksi  90 ksi (OK)
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Check shear: Va/bolt  138.6/12  11.6 kips/bolt

Rn
  FnvAb

  540.6013
2.00  16. 24 kips/bolt  11.6 kips/bolt (OK)

Check bearing. h  7
8  1

16  0.9375 in.

For the holes nearest the edge, ℓc  ℓe − h
2  2.5 − 0.9375

2  2. 031 in.

Rn
  1.2ℓctFu

  1.22.0311.1165
2.00  87. 9 kips  11.6 kips (OK)

2.4dtFu
  2.47/81.1165

2.00  75.8 kips/bolt  11.6 kips (OK)

For the other holes, ℓc  s − h  4 − 0.9375  3. 063 in. Since this is larger than ℓc
for the edge bolts, no further check is necessary.

Minimum spacing  2 2
3 d  2.6677/8  2. 33 in.  4 in. (OK)

Minimum edge distance from AISC Table J3.4  1.5 in.  2.5 in. (OK)

Required d  0.825 in.; use 7
8 -in.-diameter bolts

7.11-1

(a) Tension member gross section strength

Pn  FyAg  502.50  125.0 kips

 tPn  0.90125  112. 5 kips

Net section strength: U  1 − x̄
ℓ  1 − 0.428

13  0.9671

Ae  AgU  2.500.9671  2. 418 in.2

Pn  FuAe  652.418  157. 2 kips

 tPn  0.75157.2  117. 9 kips

[7-52]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Weld strength is

Rn  0.707w0.6FEXX  0.7071/80.6  70  3. 712 kips/in.

Rn  0.753.712  2. 784 kips/in.

Base metal shear strength of the plate:

Yielding: Rn  0.6Fyt  1.000.6363/8

 8. 1 kips/in.  2.784 kips/in.

Rupture: Rn  0.6Fut  0.750.6583/8

 9. 788 kips/in.  2.784 kips/in.

Base metal shear strength of the tension member:

Yielding: Rn  0.6Fyt  1.000.6500.179

 5. 37 kips/in.  2.784 kips/in.

Rupture: Rn  0.6Fut  0.750.6650.179

 5. 236 kips/in.  2.784 kips/in.

The weld strength is smaller than the base metal strength.

Total weld strength  2.78413  13  72. 38 kips

Weld strength controls overall: Pu  72.38 kips. Let

1.2D  1.63D  72.38, Solution is: D  12. 06

P  D  L  12.06  312.06  48. 24 kips P  48.2 kips

(b) ASD solution

Tension member gross section strength

Pn  FyAg  502.50  125.0 kips

Pn
t

 125
1.67  74. 85 kips
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Net section strength: U  1 − x̄
ℓ  1 − 0.428

13  0.9671

Ae  AgU  2.500.9671  2. 418 in.2

Pn  FuAe  652.418  157. 2 kips

Pn
t

 157.2
2.00  78. 6 kips

Weld strength:

Rn  0.707w0.6FEXX  0.7071/80.6  70  3. 712 kips/in.

Rn
  3.712

2.00  1. 856 kips/in.

Base metal shear strength of the plate:

Yielding: Rn
 

0.6Fyt
1.50  0.6363/8

1.50  5. 4 kips/in  1.856 kips/in.

Rupture: Rn
  0.6Fut

2.00  0.6583/8
2.00  6. 525 kips/in.  1.856 kips/in.

Base metal shear strength of the tension member:

Yielding: Rn
 

0.6Fyt
1.50  0.6500.179

1.50  3. 58 kips/in  1.856 kips/in.

Rupture: Rn
  0.6Fut

2.00  0.6650.179
2.00  3. 491 kips/in.  1.856 kips/in.

The weld strength is smaller than the base metal strength.

Total weld strength  1.85613  13  48. 26 kips

Weld strength controls overall: Pa  48.26 kips. P  48.3 kips

7.11-2

(a) LRFD solution. Gross section: Ag  5. 12 in.2

tPn  0.90FyAg  0.90365.12  165. 9 kips
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Net section: U  1 − x̄
ℓ  1 − 0.829

5  0.8342

Ae  AgU  5.120.8342  4. 271 in.2

tPn  0.75FuAe  0.75584.271  185. 8 kips

Weld:

Rn  0.707w0.6FEXX  0.750.7073/160.6  70  4. 176 kips/in.

(Alternate: Rn  1.392  3 sixteenths  4. 176 kips/in.)

For the strength of the connection, investigate the two options given in AISC J2.4(c).

1. Use the basic weld strength for both the longitudinal and transverse welds.

Rn  4.1765  5  5  62. 64 kips (for one angle)

2. Use 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the
basic weld strength for the transverse weld.

Rn  0.854.1765  5  1.54.1765  66. 82 kips (for one angle)

The larger value may be used. For two angles, the total weld strength is

66.82  2  133. 6 kips

Check block shear on the gusset plate in lieu of base metal shear strength.

Agv  Anv  3
8 5  2  3. 750 in.2

Ant  3
8 5  1. 875 in.2

From AISC Equation J4-5,

Rn  0.6FuAnv  UbsFuAnt

 0.6583.750  1.0581.875  239. 3 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.6363.750  1.0581.875  189. 8 kips
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Block shear design strength  Rn  0.75189.8  142. 4 kips

Weld shear controls, and Pu  133.6 kips. Let

1.2D  1.62D  133.6, Solution is: D  30. 36

P  D  L  30. 36  230. 36  91.1 kips P  91.1 kips

(b) ASD solution

Pn
t


FyAg
t

 365.12
1.67  110. 4 kips

Net section: U  1 − x̄
ℓ  1 − 0.829

5  0.8342

Ae  AgU  5.120.8342  4. 271 in.2

Pn
t

 FuAe
t

 1
2.00 584.271  123. 9 kips

Weld:

Rn
  1

 0.707w0.6FEXX  1
2.00 0.7073/160.6  70

 2. 784 kips/in.

(Alternate: Rn
  0.9279  3 sixteenths  2.784 kips/in.)

For the strength of the connection, investigate the two options given in AISC J2.4(c).

1. Use the basic weld strength for both the longitudinal and transverse welds.

Rn
  2. 7845  5  5  41. 76 kips (for one angle)

2. Use 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the
basic weld strength for the transverse weld.

Rn
  0.852. 7845  5  1.52. 7845  44. 54 kips (for one angle)

The larger value may be used. For two angles, the total allowable weld strength 
44.54  2  89. 1 kips

Check block shear on the gusset plate in lieu of base metal shear strength. From the
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LRFD solution, the nominal block shear strength is

Rn  189.8 kips

The allowable block shear strength is

Rn
  189.8

2.00  94. 9 kips

Weld strength controls: Pa  89.1 kips

7.11-3

From Table 2-4 in Part 2 of the Manual, for A242 steel, Fy  50 ksi and Fu  70 ksi

(a) LRFD solution

Tension member gross section: Ag  5/87  4. 375 in.2

tPn  0.90FyAg  0.90504.375  196.9 kips

Net section:

 tPn  0.75FuAe  0.75704.375  229.7 kips

The weld strength is

Rn  1.392  5 sixteenths  6.96 kips/in.

There is no base metal shear in this connection.

For a 7-in. length, Rn  6.96  7  48. 72 kips

Total weld strength  248.72  97. 44 kips (controls). Let

1.2D  1.62.5D  97.44, Solution is: D  18. 74

P  D  L  18.74  2.518.74  65. 59 kips P  65.6 kips

(b) ASD solution

Tension member gross section strength: Ag  5/87  4. 375 in.2
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Pn
t


FyAg
t

 504.375
1.67  131.0 kips

Net section strength: Pn
t

 FuAe
t

 704.375
2.00  153. 1 kips

Weld strength: Rn
  0.9279  5 sixteenths  4.640 kips/in.

Total weld strength  4.6407  7  64. 96 kips (controls) P  65.0 kips

7.11-4

(a) LRFD solution. Gross section: For the outer member,

Ag  5/163  2  1. 875 in.2

For the inner member,

Ag  1/26  3.0 in.2

Outer member controls:  tPn  0.90FyAg  0.90361.875  60.75 kips

Net section: Ae  Ag

tPn  0.75FuAe  0.75581.875  81. 56 kips

Weld: Rn  1.392  3 sixteenths  4. 176 kips/in

1. Basic weld strength for both the longitudinal and transverse welds:

Rn  4. 1763  3  3  2  75. 17 kips

2. 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the basic
weld strength for the transverse weld:

Rn  0.854. 1763  3  1.54. 1763  2  80. 18 kips

Use the larger value of 80.18 kips.

Check block shear on the inner member in lieu of base metal shear strength.

Agv  Anv  1
2 3  2  3.0 in.2
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Ant  1
2 3  1. 5 in.2

From AISC Equation J4-5,

Rn  0.6FuAnv  UbsFuAnt

 0.6583.0  1.0581.5  191. 4 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.6363.0  1.0581.5  151. 8 kips

Block shear design strength  Rn  0.75151.8  113. 9 kips

Gross section tensile strength controls, and Pu  60.75 kips. Let

1.2D  1.63D  60.75, Solution is: D  10. 13

P  D  3L  10. 13  310. 13  40. 5 kips P  40.5 kips

(b) ASD solution

Gross section: Pn
t


FyAg
t

 361.875
1.67  40. 4 kips

Net section:

Pn
t

 FuAe
t

 581.875
2.00  54.4 kips

Weld: Rn
  0.9279  3 sixteenths  2. 784 kips/in.

1. Basic weld strength for both the longitudinal and transverse welds:

Rn
  2. 7843  3  3  2  50. 11 kips

2. 0.85 times the basic weld strength for the longitudinal welds and 1.5 times the basic
weld strength for the transverse weld:

Rn
  0.852. 7843  3  1.52. 7843  2  53. 45 kips

Use the larger value of 53.45 kips.

Check block shear on the gusset plate in lieu of base metal shear strength. From the
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LRFD solution, the nominal block shear strength is

Rn  151.8 kips

The allowable block shear strength is

Rn
  151.8

2.00  75. 9 kips

Gross section tensile strength controls: Pa  40.4 kips

7.11-5

From AISC Table J2.4, the minimum weld size is 3/16 inch (based on the angle
thickness). Maximum size  5/16 − 1/16  1/4 in.

(a) LRFD solution: Pu  1.2D  1.6L  1.220  1.650  104.0 kips

Try w  ¼ in., Rn  1.392  4 sixteenths  5.568 kips/in.

The base metal shear yield strength (gusset plate controls) is

0.6Fyt  0.636 3
8  8. 1 kips/in.

Shear rupture strength is 0.45Fut  0.4558 3
8  9. 788 kips/in.

Base metal shear yield strength for the angles is

0.6Fyt  0.650 5
16  2  18. 75 kips/in.

and the shear rupture strength is 0.45Fut  0.4565 3
8  2  21. 94 kips/in.

The weld strength of 5.568 kips/in. governs. Both longitudinal and transverse welds
will be used. To determine the required length of the longitudinal welds, investigate
the two options specified in AISC J2.4(c). First, assuming the same strength for both
the longitudinal and transverse welds,

total required length of weld  104
5.568  18. 68 in.
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length of longitudinal welds  18.68 − 5
2  6. 84 in.

For the second option, the strength of the longitudinal welds is

0.855.568  4. 733 kips/in.

and the strength of the transverse weld is

1.55.568  8. 352 kips/in.

The load to be carried by the longitudinal welds is

104 − 58.352  62. 24 kips

so the required length of the longitudinal welds is

62.24
24.733  6. 575 in.

The first option requires shorter longitudinal welds. Try a 5-inch transverse weld and
two 7-inch longitudinal welds. Check the block shear strength of the gusset plate.

Agv  Anv  2  3
8 7  5. 25 in.2 Ant  3

8 5  1. 875 in.2

Rn  0.6FuAnv  UbsFuAnt  0.6585.25  1.0581.875  291. 5 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.6365.25  1.0581.875

 222. 2 kips (controls)

The design strength is

Rn  0.75222.2  167 kips  104 kips (OK)

Use ¼-in. fillet welds as shown.
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7"

5"

(b) ASD solution: Pa  D  L  20  50  70 kips

Try w  ¼ in., Rn/  0.9279  4 sixteenths  3.712 kips/in.

Base metal shear strength (gusset plate controls): The allowable shear yield strength is

0.4Fyt  0.436 3
8  5. 4 kips/in.

and the allowable shear rupture strength is

0.3Fut  0.358 3
8  6. 525 kips/in.

The weld strength of 3.712 kips/in. governs. Both longitudinal and transverse welds
will be used. To determine the required length of the longitudinal welds, investigate
the two options specified in AISC J2.4(c). First, assuming the same strength for both
the longitudinal and transverse welds,

total required length of weld  70
3.712  18. 86 in.

length of longitudinal welds  18.86 − 5
2  6. 93 in.

For the second option, the strength of the longitudinal welds is

0.853.712  3. 155 kips/in.

and the strength of the transverse weld is

1.53.712  5. 568 kips/in.
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The load to be carried by the longitudinal welds is

70 − 55.568  42. 16 kips

so the required length of the longitudinal welds is

42.16
23.155  6. 681 in.

The first option requires shorter longitudinal welds, but try a 5-inch transverse weld and
two 7-inch longitudinal welds. Check the block shear strength of the gusset plate.
From the LRFD solution, Rn  222.2 kips, and the allowable strength is

Rn
  222.2

2.00  111 kips  70 kips (OK)

Use ¼-in. fillet welds as shown in the figure above (in LRFD solution).

7.11-6

From AISC Table J2.4, the minimum weld size is 1/8 inch (based on the angle
thickness). Maximum size  1/4 − 1/16  3/16 in.

(a) LRFD solution: Pu  1.2D  1.6L  1.214  1.625  56. 8 kips

For one angle, Pu  56.8/2  28. 4 kips

Try w  1/8 in., Rn  1.392  2 sixteenths  2.784 kips/in.

Compare the base metal shear strength of the gusset plate with that of the two angles.
The plate thickness of 3/8 in. is smaller than 2  1/4  1/2 inch. Therefore, the weld
strength cannot exceed the base metal shear strength for a thickness of 3/8  2  3/16
in.

The base metal shear yield strength is

0.6Fyt  0.636 3
16  4. 05 kips/in.

Shear rupture strength is 0.45Fut  0.4558 3
16  4. 894 kips/in.

The weld strength of 2.784 kips/in. governs. Try two longitudinal welds:
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total required length of weld  28.4
2.784  10. 2 in.

length of each longitudinal weld  10.2
2  5. 1 in.

Use 1/8-in. fillet welds as shown.

5½"

(b) ASD solution: Pa  D  L  14  25  39 kips

For one angle, Pa  39/2  19. 5 kips

Try w  1/8 in., Rn/  0.9279  2 sixteenths  1.856 kips/in.

Compare the base metal shear strength of the gusset plate with that of the two angles.
The plate thickness of 3/8 in. is smaller than 2  1/4  1/2 inch. Therefore, the weld
strength cannot exceed the base metal shear strength for a thickness of 3/8  2  3/16
in.

The base metal shear yield strength is

0.4Fyt  0.436 3
16  2. 7 kips/in.

and the allowable shear rupture strength is

0.3Fut  0.358 3
16  3. 263 kips/in.

The weld strength of 1.856 kips/in. governs. Try two longitudinal welds.

total required length of weld  19.5
1.856  10. 51 in.
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length of longitudinal welds  10.51
2  5. 255 in.

Use 1/8-in. fillet welds as shown

5½"

7.11-7

From AISC Table J2.4, the minimum weld size is 3/16 inch (based on the gusset plate
thickness). Maximum size  0.400 − 1/16  0.338 in., or 5/16 in. (to the nearest 1/16
in.)

(a) LRFD solution: Pu  1.2D  1.6L  1.240  1.6100  208.0 kips

Try w  3/16 in., Rn  1.392  3 sixteenths  4.176 kips/in.

The base metal shear yield strength (gusset plate controls) is

0.6Fyt  0.636 3
8  8. 1 kips/in.

Shear rupture strength is 0.45Fut  0.4558 3
8  9. 788 kips/in.

The weld strength of 4.176 kips/in. governs. Both longitudinal and transverse welds
will be used. To determine the required length of the longitudinal welds, investigate
the two options specified in AISC J2.4(c). First, assuming the same strength for both
the longitudinal and transverse welds,

total required length of weld  208.0
4.176  49. 81 in.

length of longitudinal welds  49.81 − 9.00
2  20. 41 in.
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For the second option, the strength of the longitudinal welds is

0.854.176  3. 550 kips/in.

and the strength of the transverse weld is

1.54.176  6. 264 kips/in.

The load to be carried by the longitudinal welds is

208.0 − 96.264  151. 6 kips

so the required length of the longitudinal welds is

151.6
23.550  21. 35 in.

To minimize the length of the connection, use the maximum weld size permitted. Use
w  5/16 in.

Rn  1.392  5 sixteenths  6.96 kips/in

First, assuming the same strength for both the longitudinal and transverse welds,

total required length of weld  208
6.96  29. 89 in.

length of longitudinal welds  29.89 − 9.00
2  10. 45 in.

For the second option, the strength of the longitudinal welds is

0.856.96  5. 916 kips/in.

and the strength of the transverse weld is

1.56.96  10. 44 kips/in.

The load to be carried by the longitudinal welds is

208 − 910.44  114.0 kips

so the required length of the longitudinal welds is

114.0
25.916  9. 635 in.
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The second option requires shorter longitudinal welds. Try a 9-inch transverse weld
and two10-inch longitudinal welds. Check the block shear strength of the gusset plate.

Agv  Anv  2  3
8 10  7. 5 in.2 Ant  3

8 9  3. 375 in.2

Rn  0.6FuAnv  UbsFuAnt  0.6587.5  1.0583.375  456. 8 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.6367.5  1.0583.375  357. 8 kips (controls)

The design strength is

Rn  0.75357.8  268 kips  208 kips (OK)

Use 5/16-in. fillet welds, with a 9-in. transverse weld and two 10-in. longitudinal welds.

(b) ASD solution: Pa  40  100  140 kips

To minimize the length of the connection, use the maximum weld size permitted. Use
w  5/16 in.

Rn/  0.9279  5 sixteenths  4.640 kips/in.

Base metal shear strength (gusset plate controls): The allowable shear yield strength is

0.4Fyt  0.436 3
8  5. 4 kips/in.

and the allowable shear rupture strength is

0.3Fut  0.358 3
8  6. 525 kips/in.

The weld strength of 4.640 kips/in. governs. Both longitudinal and transverse welds
will be used. To determine the required length of the longitudinal welds, investigate
the two options specified in AISC J2.4(c). First, assuming the same strength for both
the longitudinal and transverse welds,

total required length of weld  140
4.640  30. 17 in.

length of longitudinal welds  30.17 − 9
2  10. 59 in.
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For the second option, the strength of the longitudinal welds is

0.854.640  3. 944 kips/in.

and the strength of the transverse weld is

1.54.640  6. 96 kips/in.

The load to be carried by the longitudinal welds is

140 − 96.96  77. 36 kips

so the required length of the longitudinal welds is

77.36
23.944  9. 807 in.

The second option requires shorter longitudinal welds. Try a 9-inch transverse weld
and two 10-inch longitudinal welds. Check the block shear strength of the gusset plate.
From the LRFD solution, Rn  357. 8 kips, and the allowable strength is

Rn
  357. 8

2.00  179 kips  140 kips (OK)

Use 5/16-in. fillet welds, with a 9-in. transverse weld and two 10-in. longitudinal welds.

7.11-8

Tension member gross section: tPn  0.90FyAg  0.90361.93  62. 53 kips

For the net section, assume U  0.80: Ae  AgU  1.930.80  1. 544 in.2

tPn  0.75FuAe  0.75581.544  67. 16 kips. ∴ use Pu  62.53 kips

For t  1/4 in., min. w  1/8 in., and max w  1/4 − 1/16  3/16 in.

Try two longitudinal E70 fillet welds, and to minimize the length of the connection, try
w  3/16 inch.

Rn  1.392  3 sixteenths  4.176 kips/in.

[7-68]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



The base metal shear yield strength (angle controls) is

0.6Fyt  0.636 1
4  5. 4 kips/in.

Shear rupture strength is 0.45Fut  0.4558 1
4  6. 525 kips/in.

The weld strength of 4.176 kips/in. governs.

Required length  62.53
4.176  14. 97 in.

Check assumed value of U :

U  1 − x̄
ℓ  1 − 1.08

8  0.865  assumed value of 0.80 (OK)

Use 3
16 -in. E70 fillet welds as shown.

7½"

7.11-9

Pa  12  36  48 kips or 48/2  24 kips/angle

Req’d Ag 
Pa

0.6Fy
 24

0.636  1. 11 in.2

Req’d Ae 
Pa

0.5Fu
 24

0.558  0.828 in.2

Min. r  L
300  1212

300  0.48 in.

Try 2L2½  2½  ¼, Ag  1.19 in.2 (for one angle)  1.11 in.2 (OK)

From the properties table for the double-angle section, rmin  0.764 in.  0.48 OK)
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Net section: Assume U  0.80 :

Ae  AgU  1.190.80  0.952 in.2  0.828 in.2 (OK)

Weld size: min. w  1/8 in. and max w  1
4 −

1
16  3

16 in.

Try w  1/8 in., Rn/  0.9279  2 sixteenths  1.856 kips/in.

The base metal shear yield strength (angle controls) is

0.4Fyt  0.436 1
4  3. 6 kips/in.

Shear rupture strength is 0.3Fut  0.358 1
4  4. 35 kips/in.

The weld strength of 1.856 kips/in. governs.

Required length  24
1.856  12. 93 in., try two 6½-in. longitudinal welds.

Check assumed value of U :

U  1 − x̄
ℓ  1 − 0.711

6.5  0.891  assumed value of 0.80 (OK)

Use 2L2½  2½  ¼, welded with 1
8 -in. E70 fillet welds as shown.

6½"
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7.11-10

(a) LRFD solution

From load combination 2, Pu  1.2D  1.6L  1.245  1.660  150.0 kips

From load combination 4,

Pu  1.2D  1.0W  0.5L  1.245  1.062  0.560  146.0 kips

Combination 2 controls, and Pu  150 kips

Req’d Ag 
Pu

0.9Fy
 150

0.950  3. 33 in.2

Req’d Ae 
Pu

0.75Fu
 150

0.7565  3. 08 in.2

Min. r  L
300  1812

300  0.72 in.

Try C10  15.3, Ag  4.48 in.2  3.33 in.2 (OK)

rmin  0.711 in.  0.72 in. (OK)

Net section: Assume U  0.80 :

Ae  AgU  4.480.80  3. 58 in.2  3.33 in.2 (OK)

Weld size: tPL  3/8 in., tw  0.240 in., wmin  1
8 in.

Try a 1
8 -in. fillet weld; use E70 electrodes.

Rn  1.392  2 sixteenths  2. 784 kips/in.

The base metal shear yield strength (use the gusset plate) is

0.6Fyt  0.636 3
8  8. 1 kips/in.

Shear rupture strength is 0.45Fut  0.4558 3
8  9. 788 kips/in.

The weld strength of 2.784 kips/in. governs. Both longitudinal and transverse welds
will be used. To determine the required length of the longitudinal welds, investigate
the two options specified in AISC J2.4(c). First, assuming the same strength for both
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the longitudinal and transverse welds,

total required length of weld  150
2.784  53. 88 in.

length of longitudinal welds  53.88 − 10.0
2  21. 94 in.

For the second option, the strength of the longitudinal welds is

0.852.784  2. 366 kips/in.

and the strength of the transverse weld is

1.52.784  4. 176 kips/in.

The load to be carried by the longitudinal welds is

150 − 10.04.176  108. 2 kips

so the required length of the longitudinal welds is

108.2
22.366  22. 87 in

The first option results in a slightly shorter connection. Use a transverse weld and two
22-inch longitudinal welds. Check assumed value of U :

U  1 − x̄
ℓ  1 − 0.634

22  0.971  assumed value of 0.80 (OK)

22"

Check block shear on gusset plate.

The shear areas are Agv  Anv  3
8 222  16. 5 in.2

The tension area is Ant  3
8 10  3. 75 in.2
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Rn  0.6FuAnv  UbsFuAnt

 0.65816.5  1.0583.75  791. 7 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.63616.5  1.0583.75  573. 9 kips

Use Rn  573.9 kips, Rn  0.75573.9  430 kips  150 kips (OK)

Use a C10  15.3, welded with 1
8 -in. E70 fillet welds as shown.

(b) ASD solution

Load combination 6a controls:

Pa  D  0.75L  0.750.6W  45  0.7560  0.750.662  117. 9 kips

Req’d Ag 
Pa

0.6Fy
 117.9

0.650  3. 93 in.2

Req’d Ae 
Pa

0.5Fu
 117.9

0.565  3. 63 in.2

Min. r  L
300  1812

300  0.72 in.

Try C10  15.3, Ag  4.48 in.2  3.93 in.2 (OK)

rmin  0.711 in.  0.72 in. (OK)

Net section: Assume U  0.90 :

Ae  AgU  4.480.90  4. 03 in.2  3.63 in.2 (OK)

Weld size: tPL  3/8 in., tw  0.240 in.

wmin  1
8 in., wmax  0.24 − 1/16  0.178 in. or 1

8 in.

Use a 1
8 -in. fillet weld; use E70 electrodes.

Rn
  0.9279  2 sixteenths  1. 856 kips/in.

The base metal shear yield strength (gusset plate controls) is
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0.4Fyt  0.436 3
8  5. 4 kips/in.

Shear rupture strength is 0.3Fut  0.358 3
8  6. 525 kips/in.

The weld strength of 1.856 kips/in. governs. Both longitudinal and transverse welds
will be used. To determine the required length of the longitudinal welds, investigate
the two options specified in AISC J2.4(c). First, assuming the same strength for both
the longitudinal and transverse welds,

total required length of weld  117.9
1.856  63. 52 in.

length of longitudinal welds  63.52 − 10.0
2  26. 76 in.

For the second option, the strength of the longitudinal welds is

0.851.856  1. 578 kips/in.

and the strength of the transverse weld is

1.51.856  2. 784 kips/in.

The load to be carried by the longitudinal welds is

117.9 − 10.02.784  90. 06 kips

so the required length of the longitudinal welds is

90.06
21.856  24. 26 in

The second option results in a shorter connection. Use a transverse weld and two
24.5-inch longitudinal welds. Check assumed value of U :

U  1 − x̄
ℓ  1 − 0.634

24.5  0.974  assumed value of 0.90 (OK)

Check block shear on gusset plate.

The shear areas are Agv  Anv  3
8 24.52  18. 38 in.2

The tension area is Ant  3
8 10  3. 75 in.2

[7-74]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Rn  0.6FuAnv  UbsFuAnt

 0.65818.38  1.0583.75  857. 1 kips

with an upper limit of

0.6FyAgv  UbsFuAnt  0.63618.38  1.0583.75  614. 5 kips

Use Rn  614.5 kips

Rn
  614.5

2.00  307 kips  117.9 kips (OK)

Use a C10  15.3, welded with 1
8 -in. E70 fillet welds as shown.

24½"
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CHAPTER 9 - COMPOSITE CONSTRUCTION

9.1-1

(a) Ec  wc
1.5 fc´  1451.5 4  3492 ksi, n  Es

Ec
 29,000

3492  8.3 use 8

b
n  32

8  4.0 in.

For a W16  26, As  7.68 in.2, d  15.7 in., Ix  301 in.4

Component A y Ay Ī d Ī  Ad2

Slab 16 2 32 21.33 3.194 184.6
W 7.68 11.85 91.01 301 6.656 641.2

Sum 23.68 123.0 825.8

ȳ 
∑Ay
∑A

 123.0
23.68  5. 194 in., Itr  825.8 in.4

(b) Top of steel:

fs 
My
Itr

 150  125.194 − 4
825.8  2. 60 ksi (compression)

Bottom of steel:

fs 
My
Itr

 150  124  15.7 − 5.194
825.8  31. 6 ksi (tension)

Top of slab:

fc 
Mȳ
nItr

 150  125.194
8825.8  1. 42 ksi (compression)

9.1-2

(a) Ec  wc
1.5 fc´  1451.5 4  3492 ksi, n  Es

Ec
 29,000

3492  8.3 use 8

b
n  81

8  10. 13 in.

For a W14  22, As  6.49 in.2, d  13.7 in., Ix  199 in.4

[9-1]
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Component A y Ay d
Slab 5.063E+01 2.500E+00 1.266E+02 1.055E+02 1.063E+00 1.627E+02
W 6.490E+00 1.185E+01 7.691E+01 1.990E+02 8.287E+00 6.447E+02

Sum 5.712E+01 2.035E+02 8.074E+02

I 2AdI 

ȳ 
∑Ay
∑A

 203.5
57.12  3. 563 in., Itr  807.4 in.4

(b) Top of steel:

fs 
My
Itr

 135  125 − 3.563
807.4  2. 88 ksi (compression)

Bottom of steel:

fs 
My
Itr

 135  125  13.7 − 3.563
825.8  29. 7 ksi (tension)

Top of slab:

fc 
Mȳ
nItr

 135  123.563
8807.4  0.894 ksi (compression)

9.1-3

(a) Ec  wc
1.5 fc´  1451.5 4  3492 ksi, n  Es

Ec
 29,000

3492  8.3 use 8

b
n  108

8  13. 5 in.

For a W21  57, As  16.7 in.2, d  21.1 in., Ix  1170 in.4

Component A y Ay Ī d Ī  Ad2

Slab 81 3 243 243 2.316 677.5
W 16.7 16.55 276.4 1170 11.23 3276

Sum 97.7 519.4 3954

ȳ 
∑Ay
∑A

 519.4
97.7  5. 316 in., Itr  3954 in.4

(b) Top of steel:

fs 
My
Itr

 M5.316 − 6
3954  − 1. 730  10−4M

[9-2]
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Bottom of steel:

fs 
My
Itr

 M6  21.1 − 5.316
3954  5. 509  10−3M

For M in ft-kips, Max. fs  5. 509  10−3M  12  0.0661M ksi

Max fs  0.0661M ksi

9.1-4

Determine location of plastic neutral axis:

AsFy  7.6850  384.0 kips, 0.85 fc´bt  0.854324  435. 2 kips

Since 384.0 kips  435.2 kips, PNA is in the slab and C  384 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a32  384, Solution is: a  3. 529 in.

y  d
2  t − a

2  15.7
2  4 − 3.5298

2  10. 09 in.

Mn  Ty  38410.09  3875 in.-kips  323 ft-kips Mn  323 ft-kips

9.1-5

Determine location of plastic neutral axis:

AsFy  6.4950  324.5 kips, 0.85 fc´bt  0.854815  1377 kips

Since 324.5 kips  1377 kips, PNA is in the slab and C  324.5 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a81  324.5, Solution is: a  1. 178 in.

y  d
2  t − a

2  13.7
2  5 − 1.178

2  11.26 in.

Mn  Ty  324.511.26  3654 in.-kips  304 ft-kips Mn  304 ft-kips
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9.1-6

Determine location of plastic neutral axis:

AsFy  16.750  835.0 kips, 0.85 fc´bt  0.8541086  2203 kips

Since 835.0 kips  2203 kips, PNA is in the slab and C  835 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a108  835, Solution is: a  2. 274 in.

y  d
2  t − a

2  21.1
2  6 − 2.274

2  15. 41 in.

Mn  Ty  83515.41  1. 287  104 in.-kips  1070 ft-kips

Mn  1070 ft-kips

9.2-1

Determine location of plastic neutral axis:

AsFy  10.350  515.0 kips, 0.85 fc´bt  0.854964.5  1469 kips

Since 515 kips  1469 kips, PNA is in the slab and C  515 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a96  515, Solution is: a  1. 578 in.

y  d
2  t − a

2  17.7
2  4.5 − 1.578

2  12. 56 in.

Mn  Ty  51512.56  6468 in.-kips

Loads: before concrete cures:

Slab: 4.5
12 1508  450.0 lb/ft

wD  450  35  485 lb/ft, wL  208  160 lb/ft

After concrete cures:
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wD  485 lb/ft, wL  1608  1280 lb/ft

(a) LRFD: bMn  0.906468/12  485 ft-kips

Before concrete cures:

wu  1.2wD  1.6wL  1.20.485  1.60.160  0.838 k/ft

Mu  1
8 0.838352  128 ft-kips

From the Zx table, bMn  bMp  249 ft-kips  128 ft-kips (OK)

After concrete cures:

wu  1.2wD  1.6wL  1.20.485  1.61.280  2. 63 k/ft

Mu  1
8 wuL2  1

8 2.63352  403 ft-kips  485 ft-kips (OK)

Beam is satisfactory

(b) ASD: Mn
b

 6468
1.6712  323 ft-kips

Before concrete cures:

wa  wD  wL  0.485  0.160  0.645 k/ft

Ma  1
8 0.645352  98.8 ft-kips

From the Zx table, Mn/b  Mp/b  166 ft-kips  98.8 ft-kips (OK)

After concrete cures:

wa  wD  wL  0.485  1.280  1. 765 k/ft

Ma  1
8 waL2  1

8 1.765352  270 ft-kips  323 ft-kips (OK)

Beam is satisfactory

9.2-2

Determine location of plastic neutral axis:

AsFy  6.4850  324.0 kips, 0.85 fc´bt  0.854904  1224 kips

Since 324 kips  1224 kips, PNA is in the slab and C  324 kips.
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From C  T,

0. 85fc´ab  AsFy

0.854a90  324, Solution is: a  1. 059 in.

y  d
2  t − a

2  12.3
2  4 − 1.059

2  9. 621 in.

Mn  Ty  3249.621  3117 in.-kips

Loads: before concrete cures:

Slab: 4
12 1509  450.0 lb/ft

wD  450  22  472 lb/ft, wL  209  180 lb/ft

After concrete cures, wD  472 lb/ft, wL  1009  900 lb/ft

(a) LRFD: bMn  0.903117/12  233. 8 ft-kips

Before concrete cures:

wu  1.2wD  1.6wL  1.20.472  1.60.180  0.8544 k/ft

Mu  1
8 0.8544302  96. 1 ft-kips

For Lb  30 ft, Lb  Lr  9.13 ft, so

Mn  FcrSx ≤ Mp (elastic LTB)

where

Fcr 
Cb2E

Lb
rts

2 1  0.078 Jc
Sxho

Lb
rts

2

From Figure 5.13, Cb  1.14.

Fcr 
1.14229000

30  12
1.04

2 1  0.078 0.2931.0
25.411.9

30  12
1.04

2
 8. 637 ksi

So Mn  FcrSx  8.63725.4  219. 4 in.-kips  18.28 ft-kips

Mp  FyZx  5029.3  1465 in.-kips

Mn  Mp (OK)
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bMn  0.9018.28  16.5 ft-kips  96.1 ft-kips (N.G.)

Beam is unsatisfactory

(b) ASD:

Before concrete cures:

wa  wD  wL  0.472  0.180  0.652 k/ft

Ma  1
8 0.652302  73.4 ft-kips

From part (a), Mn  18.28 ft-kips

Mn
  18.28

1.67  11.0 ft-kips  73.4 ft-kips (N.G.)

Beam is unsatisfactory

9.3-1

Loads applied before the concrete cures:

slab weight  4
12 150  50 psf, 506  300 lb/ft

wD  300  16  316 lb/ft, wL  206  120 lb/ft

Loads applied after the concrete cures:

wD  316 lb/ft, wL  125  156  840 lb/ft

Strength of the composite section:

Effective flange width  25  12/4  75 in. or 612  72 in., use b  72 in.

AsFy  4.7150  235. 5 kips, 0.85fc
′ Ac  0.8544  72  979. 2 kips

Use C  235.5 kips.

a  C
0.85fc

′ b
 235.5

0.85472  0.962 in.

y  d
2  t − a

2  12.0
2  4 − 0.962

2  9. 519 in.
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Mn  Cy  235.59.519  2242 in.-kips  186.8 ft-kips

(a) LRFD solution

Before the concrete cures:

From the Zx table, bMn  bMp  75.4 ft-kips

wu  1.2wD  1.6wL  1.2316  1.6120  571. 2 lb/ft

Mu  1
8 wuL2  1

8 0.5712252  44. 6 ft-kips  75.4 ft-kips (OK)

After the concrete cures, bMn  0.90186.8  168. 1 ft-kips

wu  1.2wD  1.6wL  1.2316  1.6840  1723 lb/ft

Mu  1
8 1.723252  135 ft-kips  168 ft-kips (OK)

Shear: vVn  79.1 kips

Vu 
wuL

2  1.72325
2  21. 5 kips  79.1 kips (OK)

Beam is satisfactory

(b) ASD solution

Before the concrete cures:

From the Zx table, Mn
b


Mp
b

 50.1 ft-kips

wa  wD  wL  316  120  436 lb/ft

Ma  1
8 waL2  1

8 0.436252  34.1 ft-kips  50.1 ft-kips (OK)

After the concrete cures,

Mn
b

 186.8
1.67  112 ft-kips

wa  wD  wL  316  840  1156 lb/ft

Ma  1
8 1.156252  90. 3 ft-kips  112 ft-kips (OK)
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Shear: Vn
v

 52.8 kips

Va 
waL

2  1.15625
2  14.5 kips  52.8 kips (OK)

Beam is satisfactory

9.3-2

Loads applied before the concrete cures:

slab weight  5
12 150  62. 5 psf, 62.58  500.0 lb/ft

wD  500  40  540 lb/ft, wL  208  160 lb/ft

Loads applied after the concrete cures:

wD  540  108  620 lb/ft, wL  150  208  1360 lb/ft

Strength of the composite section:

Effective flange width  40.67  12/4  122.0 in. or 812  96 in., use b  96
in.

AsFy  11.850  590.0 kips, 0.85fc
′ Ac  0.8545  96  1632 kips

Use C  590 kips.

a  C
0.85fc

′ b
 590

0.85496  1. 808 in.

y  d
2  t − a

2  17.9
2  5 − 1.808

2  13. 05 in.

Mn  Cy  59013.05  7700 in.-kips  641.7 ft-kips

(a) LRFD solution

Before the concrete cures:

From the Zx table, bMn  bMp  294 ft-kips
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wu  1.2wD  1.6wL  1.2540  1.6160  904.0 lb/ft

Mu  1
8 wuL2  1

8 0.904040.672  187 ft-kips  294 ft-kips (OK)

After the concrete cures:

bMn  0.90641.7  578 ft-kips

wu  1.2wD  1.6wL  1.2620  1.61360  2920 lb/ft

Mu  1
8 2.92040.672  604 ft-kips 578 ft-kips (N.G.)

Beam is unsatisfactory

(b) ASD solution

Before the concrete cures:

From the Zx table, Mn
b


Mp
b

 196 ft-kips

wa  wD  wL  540  160  700 lb/ft

Ma  1
8 waL2  1

8 0.70040.672  145 ft-kips  196 ft-kips (OK)

After the concrete cures,

Mn
b

 641.7
1.67  384 ft-kips

wa  wD  wL  620  1360  1980 lb/ft

Ma  1
8 1.98040.672  409 ft-kips  384 ft-kips (N.G.)

Beam is unsatisfactory

9.4-1

Loads applied before the concrete cures:

slab weight  6
12 150  75 psf, 759  675 lb/ft
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wD  675  57  732 lb/ft, wL  209  180 lb/ft

Loads applied after the concrete cures:

wD  732 lb/ft, wL  2509  2250 lb/ft

Strength of the composite section:

Effective flange width  40  12/4  120 in. or 912  108 in., use b  108 in.

AsFy  16.750  835.0 kips, 0.85fc
′ Ac  0.8546  108  2203 kips

Use C  835 kips.

a  C
0.85fc

′ b
 835

0.854108  2. 274 in.

y  d
2  t − a

2  21.1
2  6 − 2.274

2  15. 41 in.

Mn  Cy  83515.41  12,870 in.-kips  1073 ft-kips

(a) Before the concrete cures:

From the Zx table, bMn  bMp  484 ft-kips

wu  1.2wD  1.6wL  1.2732  1.6180  1166 lb/ft

Mu  1
8 wuL2  1

8 1.166402  233 ft-kips  484 ft-kips (OK)

After the concrete cures:

bMn  0.901073  966 ft-kips

wu  1.2wD  1.6wL  1.2732  1.62250  4478 lb/ft

Mu  1
8 4.478402  896 ft-kips  966 ft-kips (OK)

Shear: vVn  256 kips

Vu 
wuL

2  4.47840
2  89.6 kips  256 kips (OK)

Beam is satisfactory
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(b) Before the concrete cures:

From the Zx table, Mn
b


Mp
b

 322 ft-kips

wa  wD  wL  732  180  912 lb/ft

Ma  1
8 waL2  1

8 0.912402  182 ft-kips  322 ft-kips (OK)

After the concrete cures,

Mn
b

 1073
1.67  643 ft-kips

wa  wD  wL  732  2250  2982 lb/ft

Ma  1
8 2.982402  596 ft-kips  643 ft-kips (OK)

Shear: Vn
v

 171 kips

Va 
waL

2  2.98240
2  59. 6 kips  171 kips (OK)

Beam is satisfactory

(c) Asa 
3/42

4  0.4418 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.4418 43492  26. 11 kips

RgRpAsaFu  1.00.750.441865  21. 54

 21.54 kips  26.11 kips ∴ use Qn  21.54 kips

N1  V´
Qn

 835
21.54  38.8, round up to 39.

total number  239  78 Use 78 studs
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9.4-2

Loads applied before the concrete cures:

slab weight  4
12 150  50.0 psf, 508  400 lb/ft

wD  400  22  422 lb/ft, wL  208  160 lb/ft

Loads applied after the concrete cures:

wD  422 lb/ft, wL  120  208  1120 lb/ft

Strength of the composite section:

Effective flange width  27  12/4  81.0 in. or 812  96 in., use b  81 in.

AsFy  6.4950  324. 5 kips, 0.85fc
′ Ac  0.8544  81  1102 kips

Use C  324.5 kips.

a  C
0.85fc

′ b
 324.5

0.85481  1. 178 in.

y  d
2  t − a

2  13.7
2  4 − 1.178

2  10. 26 in.

Mn  Cy  324.510.26  3329 in.-kips  277.4 ft-kips

(a) Before the concrete cures:

From the Zx table, bMn  bMp  125 ft-kips

wu  1.2wD  1.6wL  1.2422  1.6160  762. 4 lb/ft

Mu  1
8 wuL2  1

8 0.7624272  69. 47 ft-kips  125 ft-kips (OK)

After the concrete cures:

bMn  0.90277.4  250 ft-kips

wu  1.2wD  1.6wL  1.2422  1.61120  2298 lb/ft

Mu  1
8 2.298272  209 ft-kips  250 ft-kips (OK)

Shear: vVn  94.5 kips
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Vu 
wuL

2  2.29827
2  31. 0 kips  94.5 kips (OK)

Beam is satisfactory

(b) Before the concrete cures:

From the Zx table, Mn
b


Mp
b

 82.8 ft-kips

wa  wD  wL  422  160  582 lb/ft

Ma  1
8 waL2  1

8 0.582272  53. 0 ft-kips  82.8 ft-kips (OK)

After the concrete cures,

Mn
b

 277.4
1.67  166 ft-kips

wa  wD  wL  422  1120  1542 lb/ft

Ma  1
8 1.542272  141 ft-kips  166 ft-kips (OK)

Shear: Vn
v

 63.0 kips

Va 
waL

2  1.54227
2  20. 8 kips  63.0 kips (OK)

Beam is satisfactory

(c) Asa 
3/42

4  0.4418 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.4418 43492  26. 11 kips

RgRpAsaFu  1.00.750.441865  21. 54

 21.54 kips  26.11 kips ∴ use Qn  21.54 kips

N1  V´
Qn

 324.5
21.54  15.1, round up to 16.

total number  216  32 Use 32 studs
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9.4-3

AsFy  7.6850  384.0 kips, 0.85fc
′ Ac  0.8544  32  435. 2 kips

C  V ´ 384 kips.

Asa 
3/42

4  0.4418 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.4418 43492  26. 11 kips

RgRpAsaFu  1.00.750.441865  21. 54

 21.54 kips  26.11 kips ∴ use Qn  21.54 kips

N1  V´
Qn

 384
21.54  17. 83, round up to 18.total number  218  36

Use 36 studs

9.4-4

AsFy  6.4950  324. 5 kips,

0.85fc
′ Ac  0.8545  81  1377 kips

C  V ´ 324.5 kips.

For 7
8 in.  3 1

2 in. studs,

Asa 
7/82

4  0.6013 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.603 43492  35. 63 kips

RgRpAsaFu  1.00.750.601365

 29.31 kips  35.63 kips ∴ use Qn  29.31 kips
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N1  V´
Qn

 324.5
29.31  11. 07, round up to 12.

Total number  212 24 studs

9.5-1

(a) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 4.5
12 150  56. 25 psf

wD  56.256.5  365. 6 lb/ft, wL  1756.5  1138 lb/ft

wu  1.2wD  1.6wL  1.20.3656  1.61.138  2. 260 k/ft

Mu  1
8 wuL2  1

8 2.260362  366. 1 ft-kips

Try a 16-in. deep beam. Selection of a trial shape:

w  3.4Mu
Fyd/2  t − a/2  3.4366.1  12

0.905016/2  4.5 − 0.5  27. 66 lb/ft

Try a W16  31.

Determine location of plastic neutral axis.

Effective flange width  (36  12/4  108 in. or 6.512  78 in. (controls)

AsFy  9.1350  456. 5 kips, 0.85 fc´bt  0.854784.5  1193 kips

Since 456.5 kips  1193 kips, PNA is in the slab and C  456.5 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a78  456.5, Solution is: a  1. 721 in.

y  d
2  t − a

2  15.9
2  4.5 − 1.721

2  11. 59 in.

bMn  bTy  0.90456.511.59  4762 in.-kips  397 ft-kips  366 ft-kips

Check beam weight:

wu  1.20.3656  0.031  1.61.138  2. 297 lb/ft
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Mu  1
8 2.297362  372 ft-kips  397 ft-kips (OK)

Check shear. From the Zx tables, vVn  131 kips

Vu 
wuL

2  2.29736
2  41.4 kips  131 kips (OK)

Before concrete cures:

wD  365.6  31  396. 6 lb/ft, wL  206.5  130.0 lb/ft

wu  1.2wD  1.6wL  1.20.3966  1.60.130  0.6839 k/ft

Mu  1
8 0.6839362  111 ft-kips

bMn  bMp  203 ft-kips 111 ft-kips (OK) Use a W16  31

(b) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 4.5
12 150  56. 25 psf

wD  56.256.5  365. 6 lb/ft, wL  1756.5  1138 lb/ft

wa  wD  wL  365.6  1138  1504 k/ft

Ma  1
8 waL2  1

8 1.504362  243. 6 ft-kips

Try a 16-in. deep beam. Selection of a trial shape:

w  3.4bMa
Fyd/2  t − a/2  3.41.67243.6  12

5016/2  4.5 − 0.5  27.7 lb/ft

Try a W16  31.

Determine location of plastic neutral axis.

Effective flange width  (36  12/4  108 in. or 6.512  78 in. (controls)

AsFy  9.1350  456. 5 kips, 0.85 fc´bt  0.854784.5  1193 kips

Since 456.5 kips  1193 kips, PNA is in the slab and C  456.5 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a78  456.5, Solution is: a  1. 721 in.

[9-17]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



y  d
2  t − a

2  15.9
2  4.5 − 1.721

2  11. 59 in.

Mn
b

 1
b

Ty  1
1.67 456.511.59  3168 in.-kips  264 ft-kips  243.6

ft-kips

Check beam weight:

wa  1504  31  1535 lb/ft

Ma  1
8 waL2  1

8 1.535362  248. 7 ft-kips  264 ft-kips (OK)

Check shear. From the Zx tables,

Vn
v

 87.5 kips

Va 
waL

2  1.53536
2  27. 6 kips  87.5 kips (OK)

Before concrete cures:

wD  365.6  31  396. 6 lb/ft, wL  206.5  130.0 lb/ft

wa  396.6  130.0  526. 6 lb//ft

Ma  1
8 0.5266362  85. 3 ft-kips

Mn
b


Mp
b

 135 ft-kips 85.3 ft-kips (OK) Use a W16  31

(c) Max. stud diameter (for a W16  31)  2.5tf  2.50.440  1.1 in.

Try ½ in.  2 in. studs.

Asa 
1/22

4  0.1963 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.1963 43492  11. 60 kips

RgRpAsaFu  1.00.750.196365

 9.570 kips  11.60 kips ∴ use Qn  9.570 kips
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N1  V´
Qn

 456.5
9.570  47. 7, round up to 48. total number  248  96

Min. longitudinal spacing  6d  60.5  3.0 in.

Min. transverse spacing  4d  40.5  2.0 in.

Max. longitudinal spacing  8t  84.5  36.0 in. (upper limit  36 in.)

For one stud at each section, the required spacing will be

s  span
no. studs

 3612
96  4. 5 in. (OK)

Use 96 studs, ½ in.  2 in., spaced at 4½ in. on center

9.5-2

(a) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 4
12 150  50.0 psf

wD  50.05  250 lb/ft, wL  125  205  725 lb/ft

wu  1.2wD  1.6wL  1.20.250  1.60.725  1. 46 k/ft

Mu  1
8 wuL2  1

8 1.46402  292 ft-kips

Try a 14-in. deep beam. Selection of a trial shape:

w  3.4Mu
Fyd/2  t − a/2  3.4292  12

0.905014/2  4 − 0.5  25. 2 lb/ft

Try a W14  30.

Determine location of plastic neutral axis.

Effective flange width  (40  12/4  120 in. or 512  60 in. (controls)

AsFy  8.8550  442. 5 kips, 0.85 fc´bt  0.854604  816.0 kips

Since 442.5 kips  816.0 kips, PNA is in the slab and C  442.5 kips.

From C  T,

0. 85fc´ab  AsFy
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0.854a60  442.5, Solution is: a  2. 169 in.

y  d
2  t − a

2  13.8
2  4 − 2.169

2  9. 816 in.

bMn  bTy  0.90442.59.816/12  326 ft-kips  292 ft-kips (OK)

Check beam weight:

wu  1.20.250  0.030  1.60.725  1. 496 lb/ft

Mu  1
8 1.496402  299 ft-kips  326 ft-kips (OK)

Check shear. From the Zx tables, vVn  112 kips

Vu 
wuL

2  1.49640
2  29. 9 kips  112 kips (OK)

Before concrete cures:

wD  250  30  280 lb/ft, wL  205  100 lb/ft

wu  1.2wD  1.6wL  1.20.280  1.60.100  0.496 k/ft

Mu  1
8 0.496402  99. 2 ft-kips

bMn  bMp  177 ft-kips  99.2 ft-kips (OK) Use a W14  30

(b) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 4
12 150  50.0 psf

wD  50.05  250 lb/ft, wL  125  205  725 lb/ft

wa  wD  wL  250  725  975 k/ft

Ma  1
8 waL2  1

8 0.975402  195.0 ft-kips

Try a 14-in. deep beam. Selection of a trial shape:

w  3.4bMa
Fyd/2  t − a/2  3.41.67195.0  12

5014/2  4 − 0.5  25. 31 lb/ft

Try a W14  30.

Determine location of plastic neutral axis.

Effective flange width  (40  12/4  120 in. or 512  60 in. (controls)
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AsFy  8.8550  442. 5 kips, 0.85 fc´bt  0.854604  816.0 kips

Since 442.5 kips  816.0 kips, PNA is in the slab and C  442.5 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a60  442.5, Solution is: a  2. 169 in.

y  d
2  t − a

2  13.8
2  4 − 2.169

2  9. 816 in.

Mn
b

 1
b

Ty  1
1.67 442.59.816  2601 in.-kips  217 ft-kips  195 ft-kips

Check beam weight:

wa  975  30  1005 lb/ft

Ma  1
8 waL2  1

8 1.005402  201.0 ft-kips  217 ft-kips (OK)

Check shear. From the Zx tables,

Vn
v

 74.5 kips

Va 
waL

2  1.00540
2  20. 1 kips  74.5 kips (OK)

Before concrete cures:

wD  250  30  280 lb/ft, wL  205  100 lb/ft

wa  280  100  380 lb//ft

Ma  1
8 0.380402  76.0 ft-kips

Mn
b


Mp
b

 118 ft-kips  76.0 ft-kips (OK) Use a W14  30

(c) Max. stud diameter (for a W14  30)  2.5tf  2.50.385  0.963 in.

Try ½ in.  2 in. studs.

Asa 
1/22

4  0.1963 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi
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Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.1963 43492  11. 60 kips

RgRpAsaFu  1.00.750.196365

 9.570 kips  11.60 kips ∴ use Qn  9.570 kips

N1  V´
Qn

 442.5
9.570  46. 2, round up to 47. total number  247  94

Min. longitudinal spacing  6d  60.5  3.0 in.

Min. transverse spacing  4d  40.5  2.0 in.

Max. longitudinal spacing  8t  84  32 in. (upper limit  36 in.)

For one stud at each section, the required spacing will be

s  span
no. studs

 4012
94  5. 10 in. (OK)

Use 94 studs, ½ in.  2 in., spaced at approximately 5 in. on center

9.5-3

(a) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 5
12 150  62. 5 psf

wD  62.57  437. 5 lb/ft, wL  8007  5600 lb/ft

wu  1.2wD  1.6wL  1.20.4375  1.65.600  9. 485 k/ft

Mu  1
8 wuL2  1

8 9.485302  1067 ft-kips

For a 16-in. deep beam,

w  3.4Mu
Fyd/2  t − a/2  3.41067  12

0.905016/2  5 − 0.5  77. 39 lb/ft

For an 18-in. deep beam,
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w  3.4Mu
Fyd/2  t − a/2  3.41067  12

0.905018/2  5 − 0.5  71. 66 lb/ft

Try a W18  76.

Determine location of plastic neutral axis.

Effective flange width  (30  12/4  90 in. or 712  84 in. (controls)

AsFy  22.350  1115 kips, 0.85 fc´bt  0.854845  1428 kips

Since 1115 kips  1428 kips, PNA is in the slab and C  1115 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a84  1115, Solution is: a  3. 904 in.

y  d
2  t − a

2  18.2
2  5 − 3.904

2  12. 15 in.

bMn  bTy  0.90111512.15/12  1016 ft-kips  1067 ft-kips (N.G.)

Try a W18  86.

AsFy  25.350  1265 kips, 0.85 fc´bt  0.854845  1428 kips

Use C  1265 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a84  1265, Solution is: a  4. 429 in.

y  d
2  t − a

2  18.4
2  5 − 4.429

2  11. 99 in.

bMn  bTy  0.90126511.99/12  1138 ft-kips  1067 ft-kips (OK)

Check beam weight:

wu  1.20.4375  0.086  1.65.600  9. 588 lb/ft

Mu  1
8 9.588302  1079 ft-kips  1138 ft-kips (OK)

Check shear. From the Zx tables, vVn  265 kips

Vu 
wuL

2  9.58830
2  144 kips  265 kips (OK)
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Before concrete cures:

wD  437.5  86  523. 5 lb/ft, wL  207  140 lb/ft

wu  1.2wD  1.6wL  1.20.5235  1.60.140  0.8522 k/ft

Mu  1
8 0.8522302  95.9 ft-kips

bMn  bMp  698 ft-kips  95.9 ft-kips (OK) Use a W18  86

(b) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 5
12 150  62. 5 psf

wD  62.57  437. 5 lb/ft, wL  8007  5600 lb/ft

wa  wD  wL  437.5  5600  6038 k/ft

Ma  1
8 waL2  1

8 6.038302  679. 3 ft-kips

Try an 18-in. deep beam. Selection of a trial shape:

w  3.4bMa
Fyd/2  t − a/2  3.41.67679.3  12

5018/2  5 − 0.5  68. 57 lb/ft

Try a W18  86.

Determine location of plastic neutral axis.

Effective flange width  (30  12/4  90 in. or 712  84 in. (controls)

AsFy  25.350  1265 kips, 0.85 fc´bt  0.854845  1428 kips

Use C  1265 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a84  1265, Solution is: a  4. 429 in.

y  d
2  t − a

2  18.4
2  5 − 4.492

2  11. 95 in.

Mn
b

 1
b

Ty  1
1.67 126511.95

 9052 in.-kips  754 ft-kips  679.3 ft-kips

[9-24]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Check beam weight:

wa  6038  86  6124 lb/ft

Ma  1
8 waL2  1

8 6.124302  689 ft-kips  754 ft-kips (OK)

Check shear. From the Zx tables,

Vn
v

 177 kips

Va 
waL

2  6.12430
2  91.9 kips  177 kips (OK)

Before concrete cures:

wD  437.5  86  523. 5 lb/ft, wL  207  140 lb/ft

wa  523.5  140  663. 5 lb//ft

Ma  1
8 0.6635302  74.6 ft-kips

Mn
b


Mp
b

 464 ft-kips  74.6 ft-kips (OK) Use a W18  86

(c) Max. stud diameter (for a W18  86)  2.5tf  2.50.770  1. 93 in.

Try 5
8 in.  2 1

2 in. studs.

Asa 
5/82

4  0.3068 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.3068 43492  18. 13 kips

RgRpAsaFu  1.00.750.306865  14. 96

 14.96 kips  18.13 kips ∴ use Qn  14.96 kips

N1  V´
Qn

 1265
14.96  84. 56, round up to 85. total number  285  170

Min. longitudinal spacing  6d  65/8  3. 75 in.

Min. transverse spacing  4d  45/8  2. 5 in.
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Max. longitudinal spacing  8t  85  40 in. (but upper limit  36 in.)

For one stud at each section, the required spacing will be

s  span
no. studs

 3012
170  2. 12 in.

For two studs at each section, the required spacing will be 2  2.12  4. 24 in.

Try ¾ in.  3 in. studs.

Asa 
3/42

4  0.4418 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.4418 43492  26. 11 kips

RgRpAsaFu  1.00.750.441865

 21.54 kips  26.11 kips ∴ use Qn  21.54 kips

N1  V´
Qn

 1265
21.54  58. 73, round up to 59. total number  259  118

For one stud at each section, the required spacing will be

s  span
no. studs

 3012
118  3. 051 in.

For two studs at each section, the required spacing will be 2  3.051  6. 10 in.

Use 118 studs, ¾ in.  3 in., spaced at approximately 6 in. on center

9.6-1

(a) Before concrete cures:

Slab: 4.5
12 1508  450.0 lb/ft

wD  450  35  485 lb/ft, wconst  208  160 lb/ft, Is  510 in.4

ΔD  5wDL4

384EIs
 50.485/1235  124

38429000510  1. 107 in.

Δconst 
5wconstL4

384EIs
 50.160/1235  124

38429000510  0.3653 in.
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Δ  ΔD  Δconst  1.107  0.3653  1. 472 in. Δ  1.47 in.

(b) After concrete has cured:

Compute the lower-bound moment of inertia.

Determine the compressive force, C.

AsFy  10.350  515.0 kips, 0.85 fc´bt  0.854964.5  1469 kips

Since 515 kips  1469 kips, C  515 kips.

Area of transformed concrete  Ac  C
Fy

 515
50  10. 3 in.2

a  C
0.85fc

′ b
 515

0.85496  1. 578 in.

Y2  t − a
2  4.5 − 1.578

2  3. 711 in.

Taking moments about the bottom of the steel, we get

Component A y Ay d
Concrete 1.030E+01 2.141E+01 2.205E+02 0.000E+00 -6.281E+00 4.063E+02
W18 x 35 1.030E+01 8.850E+00 9.116E+01 5.100E+02 -6.281E+00 9.163E+02

Sum 2.060E+01 3.117E+02 1.323E+03

1.513E+01 in.

I 2AdI 





A
Ayy

Iℓb  1323 in.4

wL  1608  1280 lb/ft

Δ  ΔD  ΔL  ΔD 
5wLL4

384EIℓb

 1.107  51.280/1235  124

384290001323  1. 107  1. 126  2. 233 in.

Δ  2.23 in.
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9.6-2

(a) Before concrete cures:

Slab: 4
12 1509  450.0 lb/ft

wD  450  22  472 lb/ft, wconst  209  180 lb/ft, Is  156 in.4

ΔD  5wDL4

384EIs
 50.472/1230  124

38429000156  1. 901 in.

Δconst 
5wconstL4

384EIs
 50.180/1230  124

38429000156  0.7251 in.

Δ  ΔD  Δconst  1.901  0.7251  2. 626 in. Δ  2.63 in.

(b) After concrete has cured:

Compute the lower-bound moment of inertia.

Determine the compressive force, C.

AsFy  6.4850  324.0 kips, 0.85 fc´bt  0.854904  1224 kips

Since 324 kips  1224 kips, C  324 kips.

Area of transformed concrete  Ac  C
Fy

 324
50  6. 48 in.2

a  C
0.85fc

′ b
 324

0.85490  1. 059 in.

Y2  t − a
2  4 − 1.059

2  3. 471 in.

Taking moments about the bottom of the steel, we get

Component A y Ay d
Concrete 6.480E+00 1.577E+01 1.022E+02 0.000E+00 -4.811E+00 1.500E+02

W24 × 55 6.480E+00 6.150E+00 3.985E+01 1.560E+02 -4.811E+00 3.060E+02
Sum 1.296E+01 1.420E+02 4.559E+02

1.096E+01 in.

I 2AdI 





A
Ayy

Iℓb  455.9 in.4, wL  1009  900 lb/ft

[9-28]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Δ  ΔD  ΔL  ΔD 
5wLL4

384EIℓb

 1. 901  50.900/1230  124

38429000455.9  1. 901  1. 241  3. 142 in.

Δ  3.14 in.

9.6-3

(a) From Problem 9.3-1, a W12  16 is used, with t  4 in., s  6 ft, L  25 ft,
qconst  20 psf, qpart  15 psf, qL  125 psf, A992 steel and 4 ksi concrete.

Before concrete cures:

Slab: 4
12 1506  300 lb/ft

wD  300  16  316 lb/ft, wconst  206  120 lb/ft, Is  103 in.4

ΔD  5wDL4

384EIs
 50.316/1225  124

38429000103  0.9298 in.

Δconst 
5wconstL4

384EIs
 50.120/1225  124

38429000103  0.3531 in.

Δ  ΔD  Δconst  0.9298  0.3531  1. 283 in. Δ  1.28 in.

After concrete has cured:

wpart  156  90 lb/ft, wL  1256  750 lb/ft

Lower-bound moment of inertia:

Effective flange width  (25  12/4  75 in. or 612  72 in., use b  72 in.

For a W12  16, As  4.71 in.2, d  12.0 in., Ix  103 in.4

Determine the compressive force, C.

AsFy  4.7150  235. 5 kips, 0.85 fc´bt  0.854724  979. 2 kips

Since 235.5 kips  979.2 kips, C  235.5 kips.

Area of transformed concrete  Ac  C
Fy

 235.5
50  4. 71 in.2

a  C
0.85fc

′ b
 235.5

0.85472  0.962 in.
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Y2  t − a
2  4 − 0.962

2  3. 519 in.

Taking moments about the bottom of the steel, we get

Component A y Ay d
Concrete 4.71 15.519 73.094 0.00 -4.760 106.69
W12 x 16 4.71 6.00 28.26 103 -4.760 209.7

Sum 9.42 101.4 316.4

I 2AdI 

ȳ 
∑Ay
∑A

 101.4
9.42  10. 76 in., ILB  316.4 in.4

Δpart 
5wpartL4

384EILB
 50.090/1225  124

38429000316.4  8. 621  10−2 in.

ΔL 
5wLL4

384EILB
 50.750/1225  124

38429000316.4  0.7184 in.

Δ  ΔD  Δpart  ΔL  0.9298  0.08621  0.7184

 1. 73 in. Δ  1.73 in.

(b) Maximum permissible ΔL  L
360  25  12

360  0.833 in.  0.718 in. OK.

9.6-4

(a) From Problem 9.4-1, a W21  57 is used, with t  6 in., s  9 ft, L  40 ft,
qconst  20 psf, qL  250 psf, A992 steel and 4 ksi concrete.

Before concrete cures:

Slab: 6
12 1509  675.0 lb/ft

wD  675  57  732 lb/ft, wconst  209  180 lb/ft, Is  1170 in.4

ΔD  5wDL4

384EIs
 50.732/1240  124

384290001170  1. 243 in.

Δconst 
5wconstL4

384EIs
 50.180/1240  124

384290001170  0.3056 in.

Δ  ΔD  Δconst  1.243  0.3056  1. 549 in. Δ  1.55 in.

[9-30]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



After concrete has cured:

wL  2509  2250 lb/ft

Lower-bound moment of inertia:

Effective flange width  (40  12/4  120 in. or 912  108 in.,

use b  108 in.

For a W21  57, As  16.7 in.2, d  21.1 in., Ix  1170 in.4

Determine the compressive force, C.

AsFy  16.750  835.0 kips, 0.85 fc´bt  0.8541086  2203 kips

Use C  835 kips.

Area of transformed concrete  Ac  C
Fy

 835
50  16. 7 in.2

a  C
0.85fc

′ b
 835

0.854108  2. 274 in.

Y2  t − a
2  6 − 2.274

2  4. 863 in.

Taking moments about the bottom of the steel, we get

Component A y Ay d
Concrete 1.670E+01 2.596E+01 4.336E+02 0.000E+00 -7.707E+00 9.918E+02

W12 × 22 1.670E+01 1.055E+01 1.762E+02 1.170E+03 -7.707E+00 2.162E+03
Sum 3.340E+01 6.098E+02 3.154E+03

1.826E+01 in.

I 2AdI 





A
Ayy

ILB  3154 in.4

ΔL 
5wLL4

384EILB
 52.250/1240  124

384290003154  1. 417 in.

Δ  ΔD  ΔL  1.243  1.417  2. 66 in. Δ  2.66 in.

Maximum permissible Δ  L
240  40  12

240  2.0 in.  2.66 in. (N.G.)

(b) Try a W24  55. USe LRFD.
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Determine location of plastic neutral axis.

AsFy  16.250  810.0 kips, 0.85 fc´bt  0.8541086  2203 kips

Use C  810 kips.

From C  T,

0. 85fc´ab  AsFy

0.854a108  810, Solution is: a  2. 206 in.

y  d
2  t − a

2  23.6
2  6 − 2.206

2  16. 70 in.

bMn  bTy  0.9081016.70  1. 217  104 in.-kips  1014 ft-kips

Loads:

wD  6
12 1509  55  730.0 lb/ft, wL  2509  2250 lb/ft

wu  1.2730  1.62250  4476 lb/ft

Mu  1
8 4.476402  895 ft-kips  1014 ft-kips (OK)

Check shear. From the Zx tables, vVn  252 kips

Vu 
wuL

2  4.47640
2  89.5 kips  252 kips (OK)

Before concrete cures:

wD  730 lb/ft, wL  209  180 lb/ft

wu  1.2wD  1.6wL  1.20.730  1.60.180  1. 164 k/ft

Mu  1
8 1.164402  233 ft-kips

bMn  bMp  503 ft-kips  233 ft-kips (OK)

Check deflection. Before concrete cures:

Slab: 6
12 1509  675.0 lb/ft

wD  675  55  730 lb/ft, wconst  209  180 lb/ft, Is  1350 in.4

ΔD  5wDL4

384EIs
 50.730/1240  124

384290001350  1. 074 in.
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Δconst 
5wconstL4

384EIs
 50.180/1240  124

384290001350  0.2648 in.

Δ  ΔD  Δconst  1.074  0.2648  1. 339 in. Δ  1.34 in.

After concrete has cured:

wL  2509  2250 lb/ft

Lower-bound moment of inertia:

Effective flange width  (40  12/4  120 in. or 912  108 in., use b  108 in.

For a W24  55, As  16.2 in.2, d  23.6 in., Ix  1350 in.4

Determine the compressive force, C.

AsFy  16.250  810.0 kips, 0.85 fc´bt  0.8541086  2203 kips

Use C  810 kips.

Area of transformed concrete  Ac  C
Fy

 810
50  16. 2 in.2

a  C
0.85fc

′ b
 810

0.854108  2. 206 in.

Y2  t − a
2  6 − 2.206

2  4. 897 in.

Taking moments about the bottom of the steel, we get

Component A y Ay d
Concrete 1.620E+01 2.850E+01 4.617E+02 0.000E+00 -8.349E+00 1.129E+03

W24 × 55 1.620E+01 1.180E+01 1.912E+02 1.350E+03 -8.349E+00 2.479E+03
Sum 3.240E+01 6.528E+02 3.608E+03

2.015E+01 in.

I 2AdI 





A
Ayy

ILB  3608 in.4

ΔL 
5wLL4

384EILB
 52.250/1240  124

384290003608  1. 239 in.

Δ  ΔD  ΔL  1.34  1.239  2. 58 in. Δ  2.97 in.
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Maximum permissible Δ  L
240  40  12

240  2.0 in.  2.58 in. (N.G.)

The largest component is before the concrete cures. The maximum permissible dead
load deflection is

2.0 − 1.239  0.761 in.

Required Is 
50.730/1240  124

384290000.761  1905 in.4

Try a W24  76, with Ix  2100 in.4

The strength and lower bound moment of inertia will be larger than before, so this
shape will be adequate.

Use a W24  76

9.6-5

(a) From Problem 9.4-2, a W14  22 is used, with t  4 in., s  8 ft, L  27 ft,
qconst  20 psf, qpart  20 psf, qL  120 psf, A992 steel and 4 ksi concrete.

Before concrete cures:

Slab: 4
12 1508  400 lb/ft

wD  400  22  422 lb/ft, wconst  208  160 lb/ft, Is  199 in.4

ΔD  5wDL4

384EIs
 50.422/1227  124

38429000199  0.8744 in.

Δconst 
5wconstL4

384EIs
 50.160/1227  124

38429000199  0.3315 in.

Δ  ΔD  Δconst  0.8744  0.3315  1. 206 in. Δ  1.21 in.

After concrete has cured:

wpart  208  160 lb/ft, wL  1208  960 lb/ft

Lower-bound moment of inertia:

Effective flange width  (27  12/4  81 in. or 812  96 in., use b  81 in.

For a W14  22, As  6.49 in.2, d  13.7 in., Ix  199 in.4

Determine the compressive force, C.
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AsFy  6.4950  324. 5 kips, 0.85 fc´bt  0.854814  1102 kips

Since 1102 kips  324.5 kips, C  324.5 kips.

Area of transformed concrete  Ac  C
Fy

 324.5
50  6. 49 in.2

a  C
0.85fc

′ b
 324.5

0.85481  1. 178 in.

Y2  t − a
2  4 − 1.178

2  3. 411 in.

Taking moments about the bottom of the steel, we get

Component A y Ay d
Concrete 6.49 17.11 111.1 0.00 -5.131 170.8
W14 x 22 6.49 6.85 44.46 199 -5.131 369.8

Sum 12.98 155.5 540.7

I 2AdI 

ȳ 
∑Ay
∑A

 155.5
12.98  11. 98 in., ILB  540.7 in.4

Δpart 
5wpartL4

384EILB
 50.160/1227  124

38429000540.7  0.122 in.

ΔL 
5wLL4

384EILB
 50.960/1227  124

38429000540.7  0.7321 in.

Δ  ΔD  Δpart  ΔL  0.8744  0.122  0.7321  1. 73 in. Δ  1.73 in.

(b) Maximum permissible ΔL  L
360  27  12

360  0.900 in.  0.732 in. (OK)

9.7-1

(a) Lower-bound moment of inertia:

Effective flange width  (43  12/4  129.0 in. or 28/312  112.0 in. (controls).

For a W27  84, As  24.7 in.2, d  26.7 in., Ix  2850 in.4

Determine the compressive force, C.

AsFy  24.750  1235 kips, 0.85 fc´bt  0.8541124  1523 kips

Since 1235 kips  1523 kips, C  1235 kips.
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Area of transformed concrete  Ac  C
Fy

 1235
50  24. 7 in.2

a  C
0.85fc

′ b
 1235

0.854112  3. 243 in.

Y2  t − a
2  6.5 − 3.243

2  4. 879 in.

Taking moments about the bottom of the steel, we get

Component A y Ay d
Concrete 24.70 31.58 780.0 0.00 -9.115 2052
W27 x 84 24.70 13.35 329.7 2850 -9.115 4902

Sum 49.40 1109.7 6954

I 2AdI 

ȳ 
∑Ay
∑A

 1110
49.40  22. 47 in. ILB  6954 in.4

ΔL 
5wLL4

384EItr
 51.0/1243  124

384290006954  0.381 in. ΔL  0.381 in.

(b) AsFy  24.750  1235 kips

0.85 fc´bt  0.8541126.5 − 3  1333 kips

Use C  1235 kips.

0.85fc´ab  AsFy

0.854a112  1235, Solution is: a  3. 243 in.

y  d
2  t − a

2  26.7
2  6.5 − 3.243

2  18. 23 in.

Mn  Ty  123518.23  2. 251  104 in.-kips  1880 ft-kips

Mn  1880 ft-kips

9.7-2

Steel headed stud anchors:

Maximum diameter  2.5tf  2.50.615  1. 54 in.  3/4 in. (OK)

Maximum diameter  3/4 in. with formed steel deck. (OK)
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Asa 
3/42

4  0.4418 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.4418 43492  26. 11 kips

Rg  0.85 for two studs per rib

RgRpAsaFu  0.850.600.441865

 14.65 kips  26.11 kips ∴ use Qn  14.65 kips

N1  total no. of studs  2  3012
6  2  1

2  60

∑Qn  Qn  N1  14.6560  879.0 kips

AsFy  18.350  915.0 kips

0.85 fc´bt  0.854904.5 − 2  765.0 kips

Since 0.85 fc´bt is the smallest of the three possibilities, C  765 kips, and there is
partial composite action.

C  Cs − T  0

C  Fybft ′ − FyAs − bft ′  0

765  508.24t ′ − 5018.3 − 8.24t ′  0, Solution is: t ′  0.182 

Since tf  0.615 in., the PNA is in the flange.

Cs  bf t ′Fy  8.240.18250  74. 98 kips

Compute ȳ, the distance from the top of the steel to the centroid of the area below the
PNA.

Component A y Ay
W21 x 62 1.830E+01 1.050E+01 1.922E+02

Flange segment -1.500E+00 9.100E-02 -1.365E-01
Sum 1.680E+01 1.921E+02

ȳ 
∑Ay
∑A

 192.1
16.80  11. 43 in.

Location of concrete compressive force:
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a  C
0.85fc

′ b
 765

0.85490  2. 5 in.

Moment arm for concrete compressive force is

ȳ  t − a
2  11.43  4.5 − 2.5

2  14. 68 in.

Moment arm for compressive force in the steel is

ȳ − t ′
2  11.43 − 0.182

2  11. 34 in.

Mn  ∑MT  C14.65  Cs11.34

 76514.68  74.9811.34  1. 208  104 in.-kips  1010 ft-kips

∴ with 2 studs per rib, Mn  1010 ft-kips

9.7-3

Steel headed stud anchors:

Maximum diameter  2.5tf  2.50.420  1. 05 in.  3/4 in. (OK)

Maximum diameter  3/4 in. with formed steel deck. (OK)

Asa 
3/42

4  0.4418 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.4418 43492  26. 11 kips

RgRpAsaFu  1.00.600.441865  17. 23

 17.23 kips  26.11 kips ∴ use Qn  17.23 kips

N1  total no. of studs  2  30  12/3  6
2  10.0

∑Qn  Qn  N1  17.2310  172. 3 kips

AsFy  7.6950  384. 5 kips

0.85 fc´bt  0.854664.5 − 1.5  673. 2 kips

Since∑Qn is the smallest of the three possibilities, C  173.2 kips, there is partial
composite action, and the PNA is in the steel section. Determine whether the PNA is in
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the top flange or the web:

C  Cs − T  0

173.2  Fybft ′ − FyAs − bft ′  0

 173.2  505.03t ′ − 507.69 − 5.03t ′  0, Solution is: t ′  0.4201

Since tf  0.420 in., the PNA is at the bottom of the flange.

Cs  bf t ′Fy  5.030.42050  105. 6 kips

Compute ȳ, the distance from the top of the steel to the centroid of the area below the
PNA.

Component A y Ay
W14 x 26 7.690E+00 6.950E+00 5.345E+01

Flange segment -2.113E+00 2.100E-01 -4.437E-01
Sum 5.577E+00 5.301E+01

ȳ 
∑Ay
∑A

 53.01
5.577  9. 505 in.

Location of concrete compressive force:

a  C
0.85fc

′ b
 173.2

0.85466  0.7718 in.

Moment arm for concrete compressive force is

ȳ  t − a
2  9.505  4.5 − 0.7718

2  13. 62 in.

Moment arm for compressive force in the steel is

ȳ − tf
2  9.505 − 0.420

2  9. 295 in.

Mn  ∑MT  C13.62  Cs9.295

 173.113.62  105.69.295  3339 in.-kips  278 ft-kips

Mn  278 ft-kips
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9.7-4
Steel headed stud anchors:

Maximum diameter  2.5tf  2.50.440  1. 1 in.  3/4 in. (OK)

Maximum diameter  3/4 in. with formed steel deck. (OK)

Asa 
3/42

4  0.4418 in.2, Ec  wc
1.5 fc´  1451.5 4  3492 ksi

Qn  0.5Asa fc
′ Ec ≤ RgRpAsaFu

 0.50.4418 43492  26. 11 kips

Approximate spacing with one stud at each location is

s  4012
34  14. 1 in.

∴ one stud at each location will work. Use

Rg  1.0, Rp  0.6

RgRpAsaFu  1.00.600.441865  17. 23

 17.23 kips  26.11 kips ∴ use Qn  17.23 kips

N1  total no. of studs  2  34/2  17 studs

∑Qn  Qn  N1  17.2317  292. 9 kips

AsFy  9.1350  456. 5 kips

b  4012
4  120 in. or 1012  120 in.

The beam is a W16  31.

0.85 fc´bt  0.8541204.5 − 1.5  1224 kips

Since∑Qn is the smallest of the three possibilities, C  292.9 kips, there is partial
composite action, and the PNA is in the steel section. Determine whether the PNA is in
the top flange or the web:

C  Cs − T  0

C  Fybft ′ − FyAs − bft ′  0
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 292.9  505.53t ′ − 509.13 − 5.53t ′  0, Solution is: t ′  0.2958 in.

Since tf  0.440 in., the PNA is in the flange.

Cs  bf t ′Fy  5.530.295850  81. 79 kips

Compute ȳ, the distance from the top of the steel to the centroid of the area below the
PNA.

Component A y Ay
W16 x 31 9.130E+00 7.950E+00 7.258E+01

Flange segment -1.636E+00 9.100E-02 -1.489E-01
Sum 7.494E+00 7.243E+01

ȳ 
∑Ay
∑A

 72.43
7.494  9. 665 in.

Location of concrete compressive force:

a  C
0.85fc

′ b
 292.9

0.854120  0.7179 in.

Moment arm for concrete compressive force is

ȳ  t − a
2  9.665  4.5 − 0.7179

2  13. 81 in.

Moment arm for compressive force in the steel is

ȳ − t ′
2  9.665 − 0.2958

2  9. 517 in.

Mn  ∑MT  C13.81  Cs9.517

 292.913.81  81.799.517  4823 in.-kips  401.9 ft-kips

Loads: Before the concrete cures,

wD  4.5
12 11510  31  462. 3 lb/ft wL  2010  200 lb/ft

After the concrete cures,

wD  462.3  5  510  562. 3 lb/ft wL  120  2010  1400 lb/ft

(a) LRFD Solution

Before the concrete cures,

wu  1.20.4623  1.60.200  0.8748 kips/ft
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Mu  1
8 0.8748402  175 ft-kips

bMnx  bMpx  203 ft-kips  175 ft-kips (OK)

After the concrete cures,

wu  1.20.5623  1.61.400  2. 915 kips/ft

Mu  1
8 2.915402  583.0 ft-kips

bMnx  0.90401.9  362 ft-kips  583 ft-kips (N.G.)

The strength is not adequate.

(b) ASD Solution

Before the concrete cures,

wa  0.4623  0.200  0.6623 kips/ft

Ma  1
8 0.6623402  133 ft-kips

Mnx
b


Mpx
b

 135 ft-kips  133 ft-kips (OK)

After the concrete cures,

wa  0.5623  1.400  1. 962 kips/ft

Ma  1
8 1.962402  392 ft-kips

Mnx
b

 401.9
1.67  241 ft-kips  392 ft-kips (N.G.)

The strength is not adequate.

9.8-1

From the solution to problem 9.7-3, for ¾-in. studs and fc´  4 ksi, Qn  17.23 kips

N1  30  12
182  10.0

∑Qn  N1Qn  1017.23  172. 3 kips

AsFy  7.6950  384. 5 kips
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0.85 fc´bt  0.854664.5 − 1.5  673. 2 kips

The smallest of these three controls;∴ C  173.2 kips (this is denoted as∑Qn in the
tables)

a  C
0.85fc´b

 173.2
0.85466  0.7718 in.

Y2  t − a
2  4.5 − 0.7718

2  4. 114 in.

Since we are seeking a nominal strength, we can use either the LRFD value or the ASD
value from the table.

We will use the LRFD value. For Qn  173 kips, the interpolated value of bMn is

bMn  249  0.114256 − 249  249. 8 ft-kips

and Mn 
bMn
b

 249.8
0.90  278 ft-kips (same as the solution of problem 9.7-3)

Mn  278 ft-kips

9.8-2

(a) For 44 studs per beam,

N1  44
2  22

Assuming 1 stud at each location, Qn  17.2 kips (Manual Table 3-21)

∑Qn  N1Qn  2217.2  378. 4 kips

AsFy  10.650  530.0 kips

0.85 fc´bt  0.854905 − 2  918.0 kips

The smallest of these three controls;∴ C  378.4 kips (this is denoted as∑Qn in the
tables)

a  C
0.85fc´b

 378.4
0.85490  1. 237 in.

Y2  t − a
2  5 − 1.237

2  4. 382 in.

LRFD Solution:

Interpolate in Table 3-19. First, interpolate vertically (create an intermediate row), then
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horizontally.

Y 2
4 4.382 4.5

380 429 443
378.4 428 439 442
305 405 416

 nQ

bMn  439 ft-kips

ASD Solution:

Interpolate in Table 3-19. First, interpolate vertically (create an intermediate row), then
horizontally.

Y 2
4 4.382 4.5

380 285 295
378.4 285 292 295
305 269 277

 nQ

Rn/b  292 ft-kips

(b) For 20 studs per beam,

N1  20
2  10

Assuming 1 stud at each location, Qn  17.2 kips (Manual Table 3-21)

∑Qn  N1Qn  1017.2  172 kips

AsFy  10.650  530.0 kips

0.85 fc´bt  0.854905 − 2  918.0 kips

The smallest of these three controls;∴ C  172 kips (this is denoted as∑Qn in the
tables)

a  C
0.85fc´b

 172
0.85490  0.5621 in.

Y2  t − a
2  5 − 0.5621

2  4. 719 in

LRFD Solution:

Interpolate in Table 3-19. First, interpolate vertically (create an intermediate row), then
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horizontally.

Y 2
4.5 4.719 5

181 368 375
172 363 366 370
133 343 348

 nQ

bMn  366 ft-kips

ASD Solution:

Interpolate in Table 3-19. First, interpolate vertically (create an intermediate row), then
horizontally.

Y 2
4.5 4.719 5

181 245 250
172 242 244 246
133 228 231

 nQ

Rn/b  244 ft-kips

9.8-3

(a) wD  51  1010  610 lb/ft (neglect beam wt. and check it later.)

wL  80  2010  1000 lb/ft

wu  1.2wD  1.6wL  1.20.610  1.61.000  2. 332 lb/ft

Mu  1
8 wuL2  1

8 2.332352  357 ft-kips

Try a W21  48, bMn  398 ft-kips  357 ft-kips (OK)

(continuous lateral support)

Check beam weight:

Mu  357  1
8 1.2  0.048352  366 ft-kips  398 ft-kips (OK)

[9-45]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Check shear: From the Zx table, vVn  216 kips

Vu ≈
2.33235

2  40. 8 kips  216 kips (OK) Use a W21  48

Compute total deflection: w  610  48  1000  1658 lb/ft.

From the dimensions and properties table, Ix  959 in.4

Δ  5wL4

384EIx
 51.658/1235  124

38429000959  2. 01 in. Δ  2. 01 in.

(b) Effective flange width  (35  12/4  105 in. or 1012  120 in., use b  105
in.

Total load to be supported by the composite section (neglecting beam weight): from
Part (a),

Mu  1
8 wuL2  1

8 2.332352  357 ft-kips

Assume a  1 in.: Y2  t − a
2  5 − 1

2  4. 5 in.

Try a W16  31. For PNA location 4,∑Qn  274 kips, bMn  362 ft-kips

a 
∑Qn

0.85fc´b
 274

0.854105  0.7675 in.

Y2  t − a
2  5 − 0.7675

2  4. 616 in.

By interpolation, bMn  365 ft-kips  357 ft-kips (OK)

Adjust for beam weight: wu  2.332  1.20.031  2. 369 kips/ft

Mu  1
8 wuL2  1

8 2.369352  363 ft-kips  365 ft-kips (OK)

Check shear: From the Zx table, vVn  131 kips

Vu 
2.36935

2  41. 5 kips  131 kips (OK)

Before concrete cures:

wD  5110  31  541 lb/ft, wL  2010  200 lb/ft

wu  1.2wD  1.6wL  1.20.541  1.60.200  0.9692 k/ft
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Mu  1
8 0.9692352  148 ft-kips

From Table 3-19, bMp  203 ft-kips  148 ft-kips (OK) Use a W16  31

Stud anchors:

Maximum stud diameter  2.5tf  2.50.440  1.1 in.

But maximum diameter with formed steel deck  3
4 in. (controls)

Minimum height of stud above top of deck  1 1
2 in. Use hs  2  1 1

2  3 1
2 in.

Try 3
4 -in.  3 1

2 -in. studs. Assume one stud at each beam location. For lightweight
concrete and fc´  4 ksi, Qn  17.2 kips (Manual Table 3-21)

N1 
∑Qn

Qn
 274

17.2  15. 9, use 16 (32 per beam)

(Actual∑Qn  1617.2  275 kips)

The approximate spacing is L
no. studs

 3512
32  13.1 in. (the exact spacing will

depend on the the deck rib spacing).

Min. longitudinal spacing  6d  63/4  4. 5 in.

Max. longitudinal spacing  8t  85  40 in. (upper limit  36 in.)

∴ 32 studs OK. Use 32 studs, 3
4 -in.  3 1

2 -in

Compute total deflection.

Before concrete cures,

ΔD  5wDL4

384EIs
 50.541/1235  124

38429,000375  1. 680 in.

Δconst 
5wconstL4

384EIs
 50.200/1235  124

38429,000375  0.6209 in.

Maximum deflection before concrete cures is ΔD  Δconst  1.680  0.6209  2. 30 in.

After concrete cures:

Loads applied after concrete cures:

w  wL  wpart  wmisc  80  20  1010  1100 lb/ft

From Manual Table 3-20, for PNA 4 and Y2  4.616 in., ILB  916.0 in.4
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After the concrete cures, ΔLPmisc  5wL4

384EILB
 51.100/1235  124

38429000916.0

 1. 398 in.

Maximum total deflection  ΔD  ΔLPmisc  1.680  1.398  3. 08 in.

9.8-4

(a) wD  51  1010  610 lb/ft (neglect beam wt. and check it later.)

wL  80  2010  1000 lb/ft

wa  wD  wL  610  1000  1610 lb/ft

Ma  1
8 waL2  1

8 1.610352  247 ft-kips

Try a W21  48, Mn
b

 265 ft-kips  247 ft-kips (OK)

(continuous lateral support)

Check beam weight:

Ma  247  1
8 0.048352  254 ft-kips  265 ft-kips (OK)

Check shear: From the Zx table, Vn
v

 144 kips

Va ≈
1.61035

2  28.2 kips  144 kips (OK) Use a W21  48

Compute total deflection: w  610  48  1000  1658 lb/ft.

From the dimensions and properties table, Ix  959 in.4

Δ  5wL4

384EIx
 51.658/1235  124

38429000959  2. 01 in. Δ  2. 01 in.

(b) Effective flange width  (35  12/4  105 in. or 1012  120 in.,

use b  105 in.

Total load to be supported by the composite section (neglecting beam weight): from
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Part (a),

Ma  1
8 waL2  1

8 1.610352  247 ft-kips

Assume a  1 in.: Y2  t − a
2  5 − 1

2  4. 5 in.

Try a W16  31. For PNA location 3,∑Qn  335 kips, Mn
b

 256 ft-kips

a 
∑Qn

0.85fc´b
 335

0.854105  0.9384 in.

Y2  t − a
2  5 − 0.9384

2  4. 53 in.

For Y2  4.5 in. (conservatively) , Mn
b

 256 ft-kips  247 ft-kips (OK)

Adjust for beam weight: wa  1.610  0.031  1. 641 kips/ft

Ma  1
8 waL2  1

8 1.641352  251 ft-kips  256 ft-kips (OK)

Check shear: From the Zx table, Vn
v

 87.5 kips

Vu 
1.64135

2  28.7 kips  87.5 kips (OK)

Before concrete cures:

wD  5110  31  541 lb/ft, wL  2010  200 lb/ft

wa  wD  wL  0.541  0.200  0.741 kips/ft

Ma  1
8 0.741352  114 ft-kips

From Table 3-19, Mp
b

 135 ft-kips  114 ft-kips (OK) Use a W16  31

Stud anchors:

Maximum stud diameter  2.5tf  2.50.440  1.1 in.

But maximum diameter with formed steel deck  3
4 in. (controls)

Minimum height of stud above top of deck  1 1
2 in. Use hs  2  1 1

2  3 1
2 in.

Try 3
4 -in.  3 1

2 -in. studs. Assume one stud at each beam location. For lightweight
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concrete and fc´  4 ksi, Qn  17.2 kips (Manual Table 3-21)

N1 
∑Qn

Qn
 335

17.2  19. 48, use 20 (40 per beam)

(Actual∑Qn  2017.2  344.0 kips)

The approximate spacing is L
no. studs

 3512
40  10. 5 in. (the exact spacing will

depend on the the deck rib spacing).

Min. longitudinal spacing  6d  63/4  4. 5 in.

Max. longitudinal spacing  8t  85  40 in. (upper limit  36 in.)

∴ 40 studs OK. Use 40 studs, 3
4 -in.  3 1

2 -in

Compute total deflection. Before concrete cures,

ΔD  5wDL4

384EIs
 50.541/1235  124

38429,000375  1. 680 in.

Δconst 
5wconstL4

384EIs
 50.200/1235  124

38429,000375  0.6209 in.

Maximum deflection before concrete cures is

ΔD  Δconst  1.680  0.6209  2. 30 in.

After concrete cures:

Loads applied after concrete cures:

w  wL  wpart  wmisc  80  20  1010  1100 lb/ft

From Manual Table 3-20, for PNA 3 and Y2  4.53 in., ILB  976.8 in.4

After the concrete cures,

ΔLPmisc  5wL4

384EILB
 51.100/1235  124

38429000976.8  1. 311 in.

Maximum total deflection  ΔD  ΔLPmisc  1.680  1.311  2. 99 in.
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9.8-5

(a) Total load to be supported by the composite section (neglecting beam weight):

Slab: 4
12 150  50.0 psf

wD  50  20  88  624 lb/ft, wL  1008  800 lb/ft

wu  1.2wD  1.6wL  1.2624  1.6800  2029 lb/ft

Mu  1
8 wuL2  1

8 2.029362  329 ft-kips

Assume a  1 in.: Y2  t − a
2  4 − 1

2  3. 5 in.

Try a W16  31. For PNA location 4, ∑Qn  274 kips and bMn  342 ft-kips

Effective flange width  (36  12/4  108 in. or 812  96 in. (controls)

a 
∑Qn

0.85fc´b
 274

0.85496  0.8395 in.

Y2  t − a
2  4 − 0.8395

2  3. 58 in. Use 3.5 in. (conservatively)

bMn  342 ft-kips  329 ft-kips (OK)

Adjust for beam weight: wu  2.029  1.20.036  2. 072 kips/ft

Mu  1
8 wuL2  1

8 2.072362  336 ft-kips  342 ft-kips (OK)

Check shear: From the Zx table, vVn  131 kips

Vu 
2.07236

2  37.3 kips  131 kips (OK)

Before concrete cures:

wD  508  36  436 lb/ft, wL  208  160 lb/ft

wu  1.2wD  1.6wL  1.20.436  1.60.160  0.7792 k/ft

Mu  1
8 0.7792362  126 ft-kips

From the Zx table, bMp  203 ft-kips  126 ft-kips (OK) Use a W16  31

(b) Stud anchors: For 3
4 -in. studs, normal weight concrete, and fc´  4 ksi; Qn  17.2
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kips (Table 3-21, assuming one stud at each beam location)

N1 
∑Qn

Qn
 274

17.2  15. 9, use 16 (32 per beam)

32 shear studs required (assuming one stud at each beam location)

9.8-6

(a) Total load to be supported by the composite section (neglecting beam weight):

Slab: 4
12 150  50.0 psf

wD  50  20  88  624 lb/ft, wL  1008  800 lb/ft

wa  wD  wL  624  800  1424 lb/ft

Ma  1
8 waL2  1

8 1.424362  231 ft-kips

Assume a  1 in.: Y2  t − a
2  4 − 1

2  3. 5 in.

Try a W16  31. For PNA location 3, ∑Qn  335 kips and Mn
b

 239 ft-kips

Effective flange width  (36  12/4  108 in. or 812  96 in. (controls)

a 
∑Qn

0.85fc´b
 335

0.85496  1. 026 in.

Y2  t − a
2  4 − 1.026

2  3. 49 in. Use 3.5 in.

 239 ft-kips ft-kips  231 ft-kips (OK)

Adjust for beam weight: wa  1424  31  1455 lb/ft

Ma  1
8 waL2  1

8 1.455362  236 ft-kips  239 ft-kips (OK)

Check shear: From the Zx table, Vn
v

 87.5 kips

Va 
1.45536

2  26.2 kips  87.5 kips (OK)

Before concrete cures:
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wD  508  36  436 lb/ft, wL  208  160 lb/ft

wu  wD  wL  0.426  0.160  0.586 kips/ft

Ma  1
8 0.586362  94.9 ft-kips

From the Zx table, Mp
b

 135 ft-kips  94.9 ft-kips (OK) Use a W16  31

(b) Stud anchors:

For 3
4 -in. studs, normal weight concrete, and fc´  4 ksi; Qn  17.2 kips (Table 3-21,

assuming one stud at each beam location)

N1 
∑Qn

Qn
 335

17.2  19. 48, use 20 (40 per beam)

40 shear studs required (assuming one stud at each beam location)

9.8-7

(a) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 5
12 150  62. 5 psf

wD  62.57  437. 5 lb/ft, wL  8007  5600 lb/ft

wu  1.2wD  1.6wL  1.20.4375  1.65.600  9. 485 k/ft

Mu  1
8 wuL2  1

8 9.485302  1067 ft-kips

Assume a  1 in.: Y2  t − a
2  5 − 1

2  4. 5 in.

Try a W24  76. For PNA location 6, ∑Qn  394 kips and bMn  1110 ft-kips

Effective flange width  (30  12/4  90 in. or 712  84 in. (controls)

a 
∑Qn

0.85fc´b
 394

0.85484  1. 380 in.

Y2  t − a
2  5 − 1.380

2  4. 31 in.

bMn  1102 ft-kips  1067 ft-kips (OK)
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Adjust for beam weight: wu  9.485  1.20.076  9. 576 kips/ft

Mu  1
8 wuL2  1

8 9.576302  1077 ft-kips  1110 ft-kips (OK)

Check shear: From the Zx table, vVn  315 kips

Vu 
9.57630

2  144 kips  315 kips (OK)

Before concrete cures:

wD  62.57  76  513. 5 lb/ft, wL  207  140 lb/ft

wu  1.2wD  1.6wL  1.20.5135  1.60.140  0.8402 k/ft

Mu  1
8 0.8402302  94.5 ft-kips

From the Zx table, bMp  315 ft-kips  94.5 ft-kips (OK)

Check live load deflection. Δmax  L/360  3012
360  1.0 in.

From Manual Table 3-20, for a W24  76, PNA location 6,∑Qn  394 kips, and
Y2  4.31 in., ILB  3642 in.4

ΔL 
5wLL4

384EILB
 55.600/1230  124

384290003642  0.966 in.  1.0 in. (OK)

Use a W24  76

(b) Total load to be supported by the composite section (omit beam weight; check it
later):

Slab: 5
12 150  62. 5 psf

wD  62.57  437. 5 lb/ft, wL  8007  5600 lb/ft

wa  wD  wL  437.5  5600  6038 k/ft

Ma  1
8 waL2  1

8 6.038302  679 ft-kips

Assume a  1 in.: Y2  t − a
2  5 − 1

2  4. 5 in.

Try a W24  76. For PNA location 6, ∑Qn  394 kips and Mn
b

 736 ft-kips

Effective flange width  (30  12/4  90 in. or 712  84 in. (controls)
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a 
∑Qn

0.85fc´b
 394

0.85484  1. 380 in.

Y2  t − a
2  5 − 1.380

2  4. 31 in.

Mn
b

 732 ft-kips  679 ft-kips (OK)

Check beam weight:

wa  6038  76  6114 lb/ft

Ma  1
8 waL2  1

8 6.114302  688 ft-kips  732 ft-kips (OK)

Check shear. From the Zx tables,

Vn
v

 210 kips

Va 
waL

2  6.11430
2  91. 7 kips  210 kips (OK)

Before concrete cures:

wD  437.5  76  513. 5 lb/ft, wL  207  140 lb/ft

wa  513.5  140  653. 5 lb//ft

Ma  1
8 0.6535302  73. 5 ft-kips

Mn
b


Mp
b

 499 ft-kips  73.5 ft-kips (OK)

Check live load deflection. Δmax  L/360  3012
360  1.0 in.

From Manual Table 3-20, for a W24  76, PNA location 6,∑Qn  394 kips, and
Y2  4.31 in., ILB  3642 in.4

ΔL 
5wLL4

384EILB
 55.600/1230  124

384290003642  0.966 in.  1.0 in. (OK)

Use a W24  76

(c) Max. stud diameter (for a W24  76)  2.5tf  2.50.680  1. 7 in.

Try 5
8 in.  2 1

2 in. studs.

From Manual Table 3-21, Qn  15.0 kips

[9-55]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



N1  V´
Qn

 394
15.0  26.3, round up to 27. total number  227  54

Min. longitudinal spacing  6d  65/8  3. 75 in.

Min. transverse spacing  4d  45/8  2. 5 in.

Max. longitudinal spacing  8t  85  40 in. (but upper limit  36 in.)

For one stud at each section, the approximate spacing will be

s  span
no. studs

 3012
54  6. 67 in. (OK)

Use 54 studs, 5
8 in.  2 1

2 in., spaced at approximately 6 1
2 in. on center

9.8-8

(a) Total load to be supported by the composite section (neglecting beam weight):

Deck and slab: 53 psf

wD  53  1012  756 lb/ft, wL  160  2012  2160 lb/ft

wu  1.2wD  1.6wL  1.2756  1.62160  4363 lb/ft

Mu  1
8 wuL2  1

8 4.363402  873 ft-kips

Assume a  1 in.: Y2  t − a
2  6.5 − 1

2  6.0 in.

Try a W21  62. For PNA location BFL, ∑Qn  408 kips and bMn  893 ft-kips

Effective flange width  (40  12/4  120 in. or 1212  144 in. Use b  120 in.

a 
∑Qn

0.85fc´b
 408

0.854120  1.0 in.

Y2  t − a
2  6.5 − 1.0

2  6.0 in.

bMn  893 ft-kips  873 ft-kips (OK)

Adjust for beam weight: wu  4.363  1.20.062  4. 437 kips/ft

Mu  1
8 wuL2  1

8 4.437402  887 ft-kips  893 ft-kips (OK)
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Check shear: From the Zx table, vVn  252 kips

Vu 
4.43740

2  88. 7 kips  252 kips (OK)

Before concrete cures:

wD  5312  62  698 lb/ft, wL  2012  240 lb/ft

wu  1.2wD  1.6wL  1.20.698  1.60.240  1. 222 k/ft

Mu  1
8 1.222402  244 ft-kips

From the Zx table, bMp  252 ft-kips  244 ft-kips (OK)

Check live load deflection. Δmax  L/360  4012
360  1. 33 in.

From Manual Table 3-20, for a W21  62, PNA location BFL,∑Qn  408 kips, and
Y2  6.0 in., ILB  2870 in.4

ΔL 
5wLL4

384EILB
 52.160/1240  124

384290002870  1.50 in.  1.33 in. (N.G.)

Determine required ILB.

Req’d ILB  52.160/1240  124

384290001.33  3226 in.4

Try a W21  62, PNA location 3, ∑Qn  662 kips.

a 
∑Qn

0.85fc´b
 662

0.854120  1. 623 in.

Y2  t − a
2  6.5 − 1.623

2  5. 689 in.

From Manual Table 3-20, ILB  3345 in.4  3226 in.4 (OK)

Stud anchors:

Max. stud diameter (for a W21  62)  2.5tf  2.50.615  1. 54 in.

But with deck, maximum diameter is 3/4 inch. Minimum stud height above deck  1.5
inches. Minimum cover over top of stud  1/2 inch.

Try 3
4 in.  4 1

2 in. studs. Height above deck  4.5 − 3  1. 5 in. (OK). Cover 
6.5 − 4.5  2.0 in. (OK)
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Min. longitudinal spacing  6d  63/4  4. 5 in.

Min. transverse spacing  4d  43/4  3.0 in.

Max. longitudinal spacing  8t  86.5  52.0 in. (upper limit  36 in.)

With one stud at each location, Qn  17.2 kips.

N1 
Span
rib sp.

 2  4012
122  20

∑Qn  N1Qn  2017.2  344 kips  662 kips (N.G.)

With two studs at each location, Qn  14.6 kips.

N1  220  40

∑Qn  N1Qn  4014.6  584.0 kips  662 kips (N.G.)

The beam flange will not accomodate 3 studs. Reduce the∑Qn requirement in order to
increase the number of studs required. Do this by using a larger shape.

For a required ILB  3226 in.4 and Y2  5.5 in., Try a W24  76, PNA 7,
∑Qn  280 kips, ILB  3460 in.4, bMn  1050 ft-kips.

With one stud at each location,

Qn  17.2 kips.

N1 
Span
rib sp.

 2  4012
122  20

∑Qn  N1Qn  2017.2  344 kips  280 kips (OK)

a 
∑Qn

0.85fc´b
 344

0.854120  0.8431 in.

Y2  t − a
2  6.5 − 0.8431

2  6. 08 inches. Use 6 in.

ILB  3540 in.4, bMn  1060 ft-kips.

Use a W24  76, with 80 studs, 3
4 in.  4 1

2 in., one per rib

(b) Total load to be supported by the composite section (neglecting beam weight):

Deck and slab: 53 psf

wD  53  1012  756 lb/ft, wL  160  2012  2160 lb/ft
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wa  wD  wL  756  2160  2916 lb/ft

Ma  1
8 waL2  1

8 2.916402  583 ft-kips

Assume a  1 in.: Y2  t − a
2  6.5 − 1

2  6.0 in.

Deflection control: Check live load deflection.

Δmax  L/360  4012
360  1. 33 in.

Req’d ILB  52.160/1240  124

384290001.33  3226 in.4

Try a W24  76. For PNA location 7 and Y2  6.0 in., ∑Qn  280 kips, ILB  3540
in.4, Mn

b
 1060 ft-kips (deflection controls)

Effective flange width  (40  12/4  120 in. or 1212  144 in. Use b  120 in.

a 
∑Qn

0.85fc´b
 280

0.854120  0.6863 in.

Y2  t − a
2  6.5 − 0.6863

2  6. 157 in. (use Y2  6.0 inches, conservatively)

∴ Mn
b

 1060 ft-kips  583 ft-kips (OK)

Beam weight is OK.

Check shear: From the Zx table, Vn
v

 210 kips

Va 
2.91640

2  58. 3 kips  210 kips (OK)

Before concrete cures:

wD  5312  62  698 lb/ft, wL  2012  240 lb/ft

wa  wD  wL  698  240  938 k/ft

Ma  1
8 0.938402  188 ft-kips

From the Zx table, Mp
b

 499 ft-kips  188 ft-kips (OK)

Stud anchors:
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Max. stud diameter (for a W24  76)  2.5tf  2.50.680  1. 7 in.

But with deck, maximum diameter is 3/4 inch. Minimum stud height above deck  1.5
inches. Minimum cover over top of stud  1/2 inch.

Try 3
4 in.  4 1

2 in. studs. Height above deck  4.5 − 3  1. 5 in. (OK). Cover 
6.5 − 4.5  2.0 in. (OK)

Min. longitudinal spacing  6d  63/4  4. 5 in.

Min. transverse spacing  4d  43/4  3.0 in.

Max. longitudinal spacing  8t  86.5  52.0 in. (upper limit  36 in.)

With one stud at each location, Qn  17.2 kips.

N1 
Span
rib sp.

 2  4012
122  20

∑Qn  N1Qn  2017.2  344 kips  280 kips required (OK)

Use a W24  76, with 80 studs, 3
4 in.  4 1

2 in., one per rib

9.8-9
(a) Total load to be supported by the composite section (neglecting beam weight):

Deck and slab: 57 psf

wD  579  513 lb/ft, wL  225  209  2205 lb/ft

wu  1.2wD  1.6wL  1.2513  1.62205  4144 lb/ft

Mu  1
8 wuL2  1

8 4.14418.52  177 ft-kips

Deflection control: Check live load deflection requirement.

Δmax  L/360  18.512
360  0.617 in.

Req’d ILB  52.205/1218.5  124

384290000.617  325 in.4

Assume a  1 in.: Y2  t − a
2  5.5 − 1

2  5.0 in.

Try a W12  19. For PNA location 4 and Y2  5.0 in., ∑Qn  173 kips,
bMn  191 ft-kips, ILB  393 in.4
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Effective flange width  (18.5  12/4  55. 5 in. or 912  108 in.

Use b  55.5 in.

a 
∑Qn

0.85fc´b
 173

0.85455.5  0.9168 in.

Y2  t − a
2  5.5 − 0.9168

2  5. 04 in., use 5.0 in.

∴ bMn  191 ft-kips  177 ft-kips, and ILB  393 in.4  325 in.4 (OK)

Adjust for beam weight: wu  4.144  1.20.019  4. 167 kips/ft

Mu  1
8 wuL2  1

8 4.16718.52  178 ft-kips  191 ft-kips (OK)

Check shear: From the Zx table, vVn  86.0 kips

Vu 
4.16718.5

2  38. 5 kips  86.0 kips (OK)

Before concrete cures:

wD  579  19  532 lb/ft, wL  209  180 lb/ft

wu  1.2wD  1.6wL  1.20.532  1.60.180  0.9264 k/ft

Mu  1
8 0.926418.52  39. 6 ft-kips

From the Zx table, bMp  92.6 ft-kips  39.6 ft-kips (OK)

Stud anchors:

Max. stud diameter (for a W12  19)  2.5tf  2.50.350  0.875 in.

But with deck, maximum diameter is 3/4 inch. Minimum stud height above deck  1.5
inches. Minimum cover over top of stud  1/2 inch.

Try 3
4 in.  3 in. studs. Height above deck  3 − 1.5  1. 5 in. (OK). Cover 

5.5 − 3  2. 5 in. (OK)

Min. longitudinal spacing  6d  63/4  4. 5 in.

Min. transverse spacing  4d  43/4  3.0 in.

Max. longitudinal spacing  8t  85.5  44.0 in. (upper limit  36 in.)

With one stud at each location, Qn  17.2 kips.
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N1 
Span
rib sp.

 2  18.512
62  18. 5 say 18

∑Qn  N1Qn  1817.2  309. 6 kips  173 kips (OK)

Try two 5
8 in.  3 in. studs in every other rib. Qn  10.2 kips

N1 
Span

spacing  2  2  18.512
2  6  18. 5 say 18

Total no.  18.52  37

∑Qn  N1Qn  1810.2  184 kips  173 kips (OK)

Use a W12  19, with 37 studs, 5
8 in.  3 in., two in every other rib.

(b) Total load to be supported by the composite section (neglecting beam weight):

Deck and slab: 57 psf

wD  579  513 lb/ft, wL  225  209  2205 lb/ft

wa  wD  wL  513  2205  2718 lb/ft

Ma  1
8 waL2  1

8 2.71818.52  116 ft-kips

Deflection control: Check live load deflection requirement.

Δmax  L/360  18.512
360  0.617 in.

Req’d ILB  52.205/1218.5  124

384290000.617  325 in.4

Assume a  1 in.: Y2  t − a
2  5.5 − 1

2  5.0 in.

Try a W12  19. For PNA location 4 and Y2  5.0 in., ∑Qn  173 kips,

ILB  393 in.4, Mn
b

 127 ft-kips

Effective flange width  (18.5  12/4  55. 5 in. or 912  108 in.

Use b  55.5 in.

a 
∑Qn

0.85fc´b
 173

0.85455.5  0.9168 in.
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Y2  t − a
2  5.5 − 0.9168

2  5. 04 in., use 5.0 in.

∴ Mn
b

 127 ft-kips  116 ft-kips, ILB  393 in.4  325 in.4 (OK)

Beam weight is OK.

Check shear: From the Zx table, Vn
v

 57.3 kips

Va 
2.71818.5

2  25.1 kips  57.3 kips (OK)

Before concrete cures:

wD  579  19  532 lb/ft, wL  209  180 lb/ft

wa  wD  wL  532  180  712 k/ft

Ma  1
8 0.71218.52  30.5 ft-kips

From the Zx table, Mp
b

 61.6 ft-kips  30.5 ft-kips (OK)

Stud anchors:

Max. stud diameter (for a W12  19)  2.5tf  2.50.350  0.875 in.

But with deck, maximum diameter is 3/4 inch. Minimum stud height above deck  1.5
inches. Minimum cover over top of stud  1/2 inch.

Try 3
4 in.  3 in. studs. Height above deck  3 − 1.5  1. 5 in. (OK).

Cover  5.5 − 3  2. 5 in. (OK)

Min. longitudinal spacing  6d  63/4  4. 5 in.

Min. transverse spacing  4d  43/4  3.0 in.

Max. longitudinal spacing  8t  85.5  44.0 in. (upper limit  36 in.)

With one stud at each location, Qn  17.2 kips.

N1 
Span
rib sp.

 2  18.512
62  18. 5 say 18

∑Qn  N1Qn  1817.2  309. 6 kips  173 kips (OK)

Try two 5
8 in.  3 in. studs in every other rib. Qn  10.2 kips
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N1 
Span

spacing  2  2  18.512
2  6  18. 5 say 18

Total no.  18.52  37

∑Qn  N1Qn  1810.2  184 kips  173 kips (OK)

Use a W12  19, with 37 studs, 5
8 in.  3 in., two in every other rib.

9.8-10

(a) Total load to be supported by the composite section (neglecting beam weight):

Slab: 5.5
12 115  52. 71 psf

wD  57.2112  686. 5 lb/ft, wL  100  1512  1380 lb/ft

wu  1.2wD  1.6wL  1.2686.5  1.61380  3032 lb/ft

Mu  1
8 wuL2  1

8 3.032352  464 ft-kips

Deflection control: Check live load deflection requirement.

Δmax  L/360  3512
360  1. 167 in.

Req’d ILB  51.380/1235  124

384290001.167  1377 in.4

Assume a  1 in.: Y2  t − a
2  5.5 − 1

2  5.0 in.

Try a W16  45. For PNA location 4 and Y2  5.0 in., ∑Qn  367 kips,
bMn  534 ft-kips, ILB  1390 in.4 (deflection controls)

Effective flange width  (35  12/4  105 in. or 1212  144 in. Use b  105 in.

a 
∑Qn

0.85fc´b
 367

0.854105  1. 028 in.

Y2  t − a
2  5.5 − 1.028

2  4. 986 in., use 5.0 in.

∴ bMn  534 ft-kips  464 ft-kips, and ILB  1390 in.4  1377 in.4 (OK)

Adjust for beam weight: wu  3.032  1.20.045  3. 086 kips/ft
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Mu  1
8 wuL2  1

8 3.086352  473 ft-kips  534 ft-kips (OK)

Check shear: From the Zx table, vVn  167 kips

Vu 
3.08635

2  54. 0 kips  167 kips (OK)

Before concrete cures:

wD  686. 5  45  731. 5 lb/ft, wL  0

wu  1.4wD  1.40.7315  1. 024 k/ft

Mu  1
8 1.024352  157 ft-kips

From the Zx table, bMp  309 ft-kips  157 ft-kips (OK)

Stud anchors:

Max. stud diameter (for a W16  45)  2.5tf  2.50.565  1. 41 in.

But with deck, maximum diameter is 3/4 inch. Minimum stud height above deck  1.5
inches. Minimum cover over top of stud  1/2 inch.

Try 5
8 in.  3 1

2 in. studs. Height above deck  3.5 − 2  1. 5 in. (OK). Cover 
5.5 − 3.5  2.0 in. (OK)

Min. longitudinal spacing  6d  63/4  4. 5 in.

Min. transverse spacing  4d  43/4  3.0 in.

Max. longitudinal spacing  8t  85.5  44.0 in. (upper limit  36 in.)

With one stud every rib, Qn  12.0 kips.

N1 
Span

spacing  2  3512
6  2  35

Total no.  70

∑Qn  N1Qn  3512.0  420 kips  367 kips required (OK)

Use a W16  45 with 70 studs, 5
8 in.  3 1

2 in., one in each rib.

(b) Total load to be supported by the composite section (neglecting beam weight):

Slab: 5.5
12 115  52. 71 psf
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wD  57.2112  686. 5 lb/ft, wL  100  1512  1380 lb/ft

wa  wD  wL  686.5  1380  2067 lb/ft

Ma  1
8 waL2  1

8 2.067362  335 ft-kips

Deflection control: Check live load deflection requirement.

Δmax  L/360  3512
360  1. 167 in.

Req’d ILB  51.380/1235  124

384290001.167  1377 in.4

Assume a  1 in.: Y2  t − a
2  5.5 − 1

2  5.0 in.

Try a W16  45. For PNA location 4 and Y2  5.0 in., ∑Qn  367 kips, Mn
b

 355
ft-kips, ILB  1390 in.4 (deflection controls)

Effective flange width  (35  12/4  105 in. or 1212  144 in. Use b  105 in.

a 
∑Qn

0.85fc´b
 367

0.854105  1. 028 in.

Y2  t − a
2  5.5 − 1.028

2  4. 986 in., use 5.0 in.

∴ Mn
b

 355 ft-kips  116 ft-kips, ILB  1390 in.4  1377 in.4 (OK)

Beam weight is OK.

Check shear: From the Zx table, Vn
v

 111 kips

Va 
2.06735

2  36.2 kips  111 kips (OK)

Before concrete cures:

wD  686. 5  45  731. 5 lb/ft, wL  0

wa  wD  wL  731.5 k/ft

Ma  1
8 0.7315352  112 ft-kips

From the Zx table, Mp
b

 205 ft-kips  112 ft-kips (OK)
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Stud anchors:

Max. stud diameter (for a W16  45)  2.5tf  2.50.565  1. 41 in.

But with deck, maximum diameter is 3/4 inch. Minimum stud height above deck  1.5
inches. Minimum cover over top of stud  1/2 inch.

Try 5
8 in.  3 1

2 in. studs. Height above deck  3.5 − 2  1. 5 in. (OK).
Cover  5.5 − 3.5  2.0 in. (OK)

Min. longitudinal spacing  6d  63/4  4. 5 in.

Min. transverse spacing  4d  43/4  3.0 in.

Max. longitudinal spacing  8t  85.5  44.0 in. (upper limit  36 in.)

With one stud every rib, Qn  12.0 kips.

N1 
Span

spacing  2  3512
6  2  35

Total no.  70

∑Qn  N1Qn  3512.0  420 kips  367 kips required (OK)

Use a W16  45 with 70 studs, 5
8 in.  3 1

2 in., one in each rib.

9.10-1

The following dimensions and properties from Part 1 of the Manual will be needed: For
an HSS12  8  3/16, As  6.76 in.2, design wall thickness  tdes  0.174 in., and
Iy  75.7 in.4

Ec  w1.5 fc
′  1451.5 4  3492 ksi

The area of concrete Ac can be estimated as

bd − As  812 − 6.76  89. 24 in.2

or more accurately as follows:
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2t

2t

Detail

The corner radius is given in Part 1 of the Manual as 2tdes. The area of an quarter-circle
spandrel with a radius r is

r2 − 1
4 r2  2t2 − 1

4 2t2  t24 −   0.17424 − 

 2. 599  10−2 in.2

and since there are four of these segments to be deducted from the area bd − As,

Ac  bd − As − 40.02599  812 − 6.76 − 40.02599  89. 14 in.2

For computing the moment of inertia of the concrete, the moment of inertia of the
spandrel about an axis parallel to the 12-inch side through the point of tangency is

I  1
3 −


16 r4  1

3 −

16 2t4  16

3 −  t4

 16
3 −  0.1744  2. 009  10−3 in.4

The distance to the centroid of the spandrel from this axis is

x̄  2r
34 −   22  0.002009

34 −   3. 121  10−3 in.

From the parallel axis theorem, the moment of inertia of the spandrel about a centroidal
axis parallel to the 12-inch side is

Ī  I − Ax̄2  0.002009 − 0.0025990.0031212  2. 009  10−3 in.4

Use the parallel-axis theorem and the following table to obtain the moment of inertia of
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the concrete:

Segment A Ibar d Ibar +Ad2
Outer rectangle 9.600E+01 5.120E+02 0.000E+00 5.120E+02
Steel shape -6.760E+00 -7.570E+01 0.000E+00 -7.57E+01
spandrel -2.599E-02 -2.009E-03 3.481E+00 -3.169E-01
spandrel -2.599E-02 -2.009E-03 3.481E+00 -3.169E-01
spandrel -2.599E-02 -2.009E-03 3.481E+00 -3.169E-01
spandrel -2.599E-02 -2.009E-03 3.481E+00 -3.169E-01

Sum 4.350E+02

Ic  435.0 in.4

Note that an approximate solution can be obtained by using

Ic  hb3

12 − Is 
1283

12 − 75.7  436. 3 in.4

For the remainder of the solution, we will use the approximate values

Ac  89. 24 in.2 and Ic  436.3 in.4

From AISC Equation I2-4,

Pno  FyAs  FysrAsr  fc
′ Ac  466.76  0  489.24  667. 9 kips

From AISC Equation I2-7,

C1  0.1  2 As
Ac  As

≤ 0.3

 0.1  2 6.76
89.24  6.76  0.2408  0.3 ∴ use C1  0.2408

From AISC Equation I2-6,

EIeff  EsIs  0.5EsIsr  C1EcIc

 2900075.7  0  0.24083492436.32  2. 562  106 kip-in.2

From AISC Equation I2-5,

Pe 
2EIeff

KL2  22. 562  106
0.65  20  122  1039 kips

[9-69]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Determine which nominal strength equation to use:

Pno
Pe

 667. 9
1039  0.6428  2.25 ∴ use AISC Equation I2-2:

Pn  Pno 0.658
Pno
Pe  667.50.6580.6428   510 kips

Pn  510 kips

Alternate solution using more accurate values of Ac and Ic:

Ac  89.14 in.2 and Ic  435.0 in.4

From AISC Equation I2-4,

Pno  FyAs  FysrAsr  fc
′ Ac  466.76  0  489.14  667. 5 kips

From AISC Equation I2-7,

C1  0.1  2 As
Ac  As

≤ 0.3

 0.1  2 6.76
89.14  6.76  0.2410  0.3 ∴ use C1  0.2410

From AISC Equation I2-6,

EIeff  EsIs  0.5EsIsr  C1EcIc

 2900075.7  0  0.24103492435.0  2. 561  106 kip-in.2

From AISC Equation I2-5,

Pe 
2EIeff

KL2  22. 561  106
0.65  20  122  1039 kips

Determine which nominal strength equation to use:

Pno
Pe

 667. 5
1039  0.6424  2.25 ∴ use AISC Equation I2-2:
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Pn  Pno 0.658
Pno
Pe  667.50.6580.6424   510 kips (no difference)

9.10-2

For a W12 x 96, As  28.2 in.2, Ix  833 in.4, Iy  270 in.4

Asr  41.00  4.0 in.2

Isr  ∑Ad2  4  1.00 20 − 2  2.5
2

2
 225.0 in.4

Ac  2020 − As − Asr  400 − 28.2 − 4.0  367. 8 in.2

Ec  w1.5 fc
′  1451.5 8  4939 ksi

Ic  1
12 20203  13,330 in.4

Pno  FyAs  FysrAsr  0.85fc
′ Ac  5028.2  604.0  0.858367.8

 4151 kips

C1  0.1  2 As
Ac  As

≤ 0.3

 0.1  2 28.2
367.8  28.2  0.2424  0.3

EIeff  EsIs  0.5EsIsr  C1EcIc

For the y axis,

EIeff  29000270  0.529000225.0  0.2424493913330

 2. 705  107 kip-in.2

Pe 
2EIeff

KL2 
22. 705  107
13  122  1. 097  104 kips

For the x axis,

EIeff  29000833  0.529000225.0  0.2424493913330
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 4.338  107 kip-in.2

Pe 
2EIeff

KL2 
24.338  107
26  122  4398 kips  x axis controls.

Pno
Pe

 4151
4398  0.9438  2.25∴ use AISC Eq. I2-2.

Pn  Pno 0.658
Pno
Pe  41510.6580.9438  2796 kips

Pn  2800 kips

9.10-3

(a) Pu  1.265  1.6130  286.0 kips

KxL  KyL  0.8018  14. 4 ft

Trial shapes:

HSS7.500  0.500 294 kips  cPn  308 kips w  37.4 lb/ft
HSS8.625 x 0.322 297 kips  cPn  308 kips w  28.6 lb/ft
HSS10 x 0.188 299 kips  cPn  308 kips w  19.7 lb/ft

An HSS10 x 0.188 is the lightest. Use an HSS10 x 0.188

(b) Pa  65  130  195 kips

KxL  KyL  0.8018  14. 4 ft

Trial shapes:

HSS7.500  0.500 196 kips  Pn/c  205 kips w  37.4 lb/ft
HSS8.625 x 0.322 198 kips Pn/c  205 kips w  28.6 lb/ft
HSS10 x 0.188 200 kips  Pn/c  206 kips w  19.7 lb/ft

An HSS10 x 0.188 is the lightest. Use an HSS10 x 0.188
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9.10-4

(a) Pu  1.2200  1.6500  1040 kips

KxL  36 ft, KyL  12 ft

Strong axis buckling will control when

KxL
rmx/rmy

 KyL, or rmx/rmy 
KxL
KyL

 36
12  3

From Table 4-14, rmx/rmy is always less than 3, so KxL
rmx/rmy

will always control.

Trial shapes:

Actual
Approximate K x L / (r x /r y ) Actual K x L / (r x /r y ) Weight

r x /r y (ft) Shape r x /r y (ft) (kips) (lb/ft)
1 36.00 *

1.2 30.00 *
1.3 27.69 HSS16 ×12 × 5/8 1.27 28.35 1050 110
1.4 25.70 *
1.5 24.00 *
1.6 22.50 HSS20 ×12 × 3/8 1.56 23.08 > 1070 78.5
1.7 21.18 *

* No shapes with a design strength > 1040 kips

nc P

An HSS20 x 12  3
8 is the lightest. Use an HSS20 x 12  3

8

(b) Pa  200  500  700 kips

KxL  36 ft, KyL  12 ft

Strong axis buckling will control when

KxL
rmx/rmy

 KyL, or rmx/rmy 
KxL
KyL

 36
12  3
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From Table 4-14, rmx/rmy is always less than 3, so KxL
rmx/rmy

will always control. Trial

shapes:

Actual
Approximate K x L / (r x /r y ) Actual K x L / (r x /r y ) Weight

r x /r y (ft) Shape r x /r y (ft) (kips) (lb/ft)
1 36.00 *

1.2 30.00 *
1.3 27.69 HSS16 ×12 × 5/8 1.27 28.35 > 706 110
1.4 25.70 *
1.5 24.00 *
1.6 22.50 HSS20 ×12 × 3/8 1.56 23.08  > 731 78.5
1.7 21.18 *

* No shapes with an allowable strength > 700 kips

cnP /

An HSS20 x 12  3
8 is the lightest. Use an HSS20 x 12  3

8
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CHAPTER 10 - PLATE GIRDERS

10.4-1

Check classification of shape.

h
tw

 78
0.5  156, 5.70 E

Fy
 5.70 29,000

50  137. 3

Since h
tw

 5.70 E
Fy

, the web is slender and AISC Section F5 applies.

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 0.5783  23  26 78  3
2

2

 2. 757  105 in.4

Sx 
Ix
c  Ix

h/2  tf
 275,700
78/2  3  6564 in.3

Tension flange: Mn  FySx  506564  3. 282  105 in.-kips

Compression flange: LTB is not a factor in this problem. Check FLB:

  bf
2tf

 26
23  4. 333  p  0.38 E

Fy
 0.38 29,000

50  9. 152

∴ Fcr  Fy  50 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 780.5
263  0.5  10

RPG  1 − 0.5
1200  3000.5 156 − 5.70 29,000

50  0.9931  1.0

Mn  RpgFcrSx  0.9931506564  3. 259  105 in.-kips

Compression flange strength controls. Mn  325900/12  2. 716  104 ft-kips

bMn  27,200 ft-kips
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10.4-2

Check classification of shape.

  h
tw

 45
3/8  120, r  5.70 E

Fy
 5.70 29,000

50  137. 3

Since   r, the web is not slender.

p  3.76 E
Fy

 3.76 29000
50  90. 55

Since , p    r, the web is noncompact.

Flange:   bf
2tf

 10
21  5  p  0.38 E

Fy
 0.38 29,000

50  9. 15

∴ flange is compact. Since the flange is compact and the web is noncompact, AISC F4
applies (Table User Note F1.1), but AISC F5 may be conservatively used (F4 User
Note).

Compression flange strength (because of symmetry, tension yielding will not control):

Mn  RpgFcrSxc

Since the flange is compact, Fcr  Fy  50 ksi, and LTB is not a factor in this problem.

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 453/8
101  1. 688  10

RPG  1 − 1. 688
1200  3001. 688 120 − 5.7 29000

50  1. 017  1.0∴ use 1.0

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 3/8453  210 45  1
2

2
 13,430 in.4

Sx 
Ix
c  Ix

h/2  tf
 13,430
45/2  1  571. 5 in.3
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Mn  RpgFcrSx  1.050571.5  28,580 in.-kips  2380 ft-kips

Mn  2380 ft-kips

10.4-3

Check web width-thickness ratio:

  h
tw

 60
3/8  160, p  3.76 E

Fy
 3.76 29,000

50  90. 55

r  5.70 E
Fy

 5.70 29000
50  137. 3

Since   r, web is slender and AISC Section F5 applies. Compute the section
modulus:

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 3/8603  2 7
8  12 60  7/8

2
2

 2. 621  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 26210
60/2  7/8  848. 9 in.3

From AISC Equation F5-10, the tension flange strength based on yielding is

Mn  FySxt  50848.9  4. 245  104 in.-kips  3538 ft-kips

The compression flange strength is given by AISC Equation F5-7:

Mn  RpgFcrSxc

where the critical stress Fcr is based on either flange local buckling or yielding. For
flange local buckling, the relevant slenderness parameters are

  bf
2tf

 12
27/8  6. 857, p  0.38 E

Fy
 0.38 29000

50  9. 152

Since   p, there is no flange local buckling. The compression flange strength is
therefore based on yielding, and Fcr  Fy  50 ksi.
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To compute the bending strength reduction factor Rpg, the value of aw will be needed:

aw  hctw
bfctfc

 603/8
127/8  2. 143  10

From AISC Equation F5-6,

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

 1 − 2.143
1200  3002.143 160 − 5.7 29000

50  0.9736

Mn  RpgFcrSxc  0.973650848.9  4. 132  104 in.-kips  3443 ft-kips

Check lateral-torsional buckling.

h
6  60

6  10 in., I  1
12 103/83  1

12 7/8123  126.0 in.4

A  103/8  127/8  14. 25 in.2, rt  I
A  126

14.25  2. 974 in.

Lb  40/2  20 ft

Lp  1.1rt
E
Fy

 1.12.974 29000
50  78. 79 in.  6.566 ft

Lr  rt
E

0.7Fy
 2.974 29000

0.750  268. 9 in.  22.40 ft

Since Lp  Lb  Lr, the girder is subject to inelastic lateral-torsional buckling. From
AISC Equation F5-3,

Fcr  Cb Fy − 0.3Fy
Lb − Lp
Lr − Lp

≤ Fy

 1.30 50 − 0.3  50 20 − 6.566
22.40 − 6.566  48. 46 ksi ≤ 50 ksi

where Cb  1.30 is from Figure 5.15 in the textbook. LTB has the lowest critical stress
and controls.

Mn  RpgFcrSxc  0.973648.46848.9  4. 005  104 in.-kips  3338 ft-kips

Mn  3340 ft-kips
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10.4-4

Check web width-thickness ratio:

  h
tw

 52
1/4  208, p  3.76 E

Fy
 3.76 29,000

50  90. 55

r  5.70 E
Fy

 5.70 29000
50  137. 3

Since   r, web is slender and AISC Section F5 applies. Compute the section
modulus:

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 1/4523  2 3
4  18 52  3/4

2
2

 2. 171  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 21710
52/2  3/4  811. 6 in.3

From AISC Equation F5-10, the tension flange strength based on yielding is

Mn  FySxt  50811.6  4. 058  104 in.-kips  3382 ft-kips

The compression flange strength is given by AISC Equation F5-7:

Mn  RpgFcrSxc

where the critical stress Fcr is based on either flange local buckling or yielding.

To compute the bending strength reduction factor Rpg, the value of aw will be needed:

aw  hctw
bfctfc

 521/4
183/4  0.9630  10

From AISC Equation F5-6,

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

 1 − 0.9630
1200  3000.9630 208 − 5.7 29000

50  0.9543
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For flange local buckling, the relevant slenderness parameters are

  bf
2tf

 18
23/4  12.0, p  0.38 E

Fy
 0.38 29000

50  9. 152

r  0.95 kcE
FL

kc  4
h/tw

 4
52/0.25

 0.2774  0.35∴ use kc  0.35

FL  0.7Fy  0.750  35.0 ksi

r  0.95 0.3529000
35.0  16. 18

Since p    r, the flange is noncompact, and FLB must be investigated.

Fcr  Fy − 0.3Fy
 − p
r − p

(AISC Eq. F5-8)

 50 − 0.350 12.0 − 9.152
16.18 − 9.152  43. 92 ksi

Check lateral-torsional buckling.

h
6  52

6  8. 667 in., I  1
12 3/4183  1

12 8.6671/43  364. 5 in.4

18"3/4"

8.667"

1/4"

(not to scale)

A  8.6671/4  183/4  15. 67 in.2, rt  I
A  364.5

15.67  4. 823 in.

Lb  50/2  25.0 ft
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Lp  1.1rt
E
Fy

 1.14.823 29000
50  127. 8 in.  10.65 ft

Lr  rt
E

0.7Fy
 4.823 29000

0.750  436. 1 in.  36.34 ft

Since Lp  Lb  Lr, the girder is subject to inelastic lateral-torsional buckling. From
AISC Equation F5-3,

Fcr  Cb Fy − 0.3Fy
Lb − Lp
Lr − Lp

≤ Fy

 1.30 50 − 0.3  50 25.0 − 10.65
36.34 − 10.65  54. 11 ksi  50 ksi∴ use 50

ksi

where Cb  1.30 is from Figure 5.15 in the textbook. FLB has the lowest critical stress
and controls.

Mn  RpgFcrSxc  0.954343. 92811. 6/12  2835 ft-kips

Mn  2840 ft-kips

10.4-5

Check classification of shape.

h
tw

 50
0.25 5.70 E

Fy
 1140.0 E

Fy
 5.70 29,000

50  137. 3

Since h
tw

 5.70 E
Fy

, the web is slender and the provisions of AISC F5 apply.

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 0.5783  23  22 78  3
2

2

 2. 363  105 in.4

Sx 
Ix
c  Ix

h/2  tf
 236300
78/2  3  5626 in.3

Tension flange: Mn  FySxt  505626  2. 813  105 in.-kips
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Compression flange: LTB is not a factor in this problem. Check FLB:

  bf
2tf

 22
23  3. 667  p  0.38 E

Fy
 0.38 29,000

50  9. 152

∴ Fcr  Fy  50 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 780.5
223  0.5909  10

Rpg  1 − 0.5909
1200  3000.5909 156 − 5.7 29,000

50  0.9920  1.0

Mn  RpgFcrSxc  0.9920505626  2. 79  105 in.-kips

Compression flange strength controls. Mn  279000/12  2. 325  104 ft-kips

(a) LRFD

bMn  0.9023250  20,900 ft-kips

wu  1.2wD  1.6wL  1.21.0  1.62  4. 4 kips/ft

Pu  1.6PL  1.6500  800.0 kips

Mu  1
8 wuL2  PuL

4  1
8 4.4802  80080

4  19,500 ft-kips

Since 19,500 ft-kips  20,900 ft-kips, flexural strength is adequate

(b) ASD

Mn
b

 23250
1.67  1. 392  104 ft-kips

wa  wD  wL  1  2  3 kips/ft

Pa  PL  500 kips

Ma  1
8 waL2  PaL

4  1
8 3802  50080

4  1. 24  104 ft-kips

Since 12,400 ft-kips  13,900 ft-kips, flexural strength is adequate
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10.5-1

(a) h
tw

 70
1/2  140, a

h  70
70  1  3

260
h/tw

2
 260

140
2
 3. 45  a

h

From AISC Equation G2-6,

kv  5  5
a/h2  5  5

1.02  10

1.10 kvE
Fy

 1.10 1029000
50  83. 77

1.37 kvE
Fy

 1.37 1029000
50  104. 3

Since h
tw

 104.3, Cv 
1.51kvE
h/tw2Fy

 1.511029000
140250

 0.4468

Tension field action cannot be used in an end panel:

Vn  0.6FyAwCv  0.6500.5  700.4468  469. 1 kips

Vn  469 kips

(b) a
h  200

70  2. 857  260
h/tw

2
and  3

kv  5  5
a/h2  5  5

2.8572  5. 613

1.10 kvE
Fy

 1.10 5.61329000
50  62. 76

Since h
tw

 62.76, tension field action can be used, and

Vn  0.6FyAw Cv 
1 − Cv

1.15 1  a/h2
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Compute Cv. 1. 37 kvE
Fy

 1.37 5.61329000
50  78. 17

Since h
tw

 78.11, Cv 
1.51kvE
h/tw2Fy

 1.515.61329000
140250

 0.2508

Vn  0.6500.5  70 0.2508  1 − 0.2508
1.15 1  2.8572

 489. 3 kips

Vn  489 kips

(c) If no intermediate stiffeners are used, a
h  3, and kv  5 (no tension field

permitted)

1.10 kvE
Fy

 1.10 529,000
50  59. 24

Since h
tw

 59.24, Vn  0.6FyAwCv. Compute Cv.

1. 37 kvE
Fy

 1.37 529,000
50  73. 78

Since h
tw

 73.78, Cv 
1.51kvE
h/tw2Fy

 1.51529000
140250

 0.2234

Vn  0.6FyAwCv  0.6500.5  700.2234  234. 6 kips

Vn  235 kips

10.5-2

(a) h
tw

 90
9/16  160.0

wu  1.2wD  1.6wL  1.24.2  1.65  13. 04 kips/ft

Reaction  wuL
2  13.0475

2  489.0 kips  required vVn in end panel

Required Vn  489
0.90  543. 3 kips
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Vn  0.6AwFyCv  0.690  9/1650Cv  543.3, Solution is: Cv  0.3577

Cv 
1.51kvE
h/tw2Fy

 1.51kv29000
160250

 0.3577, Solution is: kv  10. 46

kv  5  5
a/h2  5  5

a/h2  10.46  a/h  0.9569

a  0.9569h  0.956990  86. 12 in. Use a  86 in.

(b) h
tw

 90
9/16  160.0

wa  D  L  4.2  5  9. 2

Reaction  waL
2  9.275

2  345.0 kips  required Vn/v in end panel

Required Vn  v
Vn
v

 1.67345  576. 2 kips

Vn  0.6AwFyCv  0.690  9/1650Cv  576.2, Solution is: Cv  0.3794

Cv 
1.51kvE
h/tw2Fy

 1.51kv29000
160250

 0.3794, Solution is: kv  11. 09

kv  5  5
a/h2  5  5

a2  11.09  a/h  0.9061

a  0.9061h  0.906190  81. 55 in. Use a  81 in..

10.5-3

Before developing the LRFD and ASD solutions, compute the nominal shear strength
of each panel.

h
tw

 66
5/16  211. 2

End panel: a  612  2  74 in., a
h  74

66  1. 121  3

260
h/tw

2
 260

211.2
2
 1. 516  a

h
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kv  5  5
a/h2  5  5

1.1212  8. 979

1.10 kvE
Fy

 1.10 8.97929000
50  79. 38

1.37 kvE
Fy

 1.37 8.97929000
50  98. 87

Since h
tw

 98.87, Cv 
1.51kvE
h/tw2Fy

 1.518.97929000
211.2250

 0.1763

Tension field action cannot be used in an end panel:

Vn  0.6FyAwCv  0.6505/16  660.1763  109. 1 kips

Second panel:

a  1212  9 − 74  79 in.

a
h  79

66  1. 197  260
h/tw

2
and  3

kv  5  5
a/h2  5  5

1.1972  8. 490

1.10 kvE
Fy

 1.10 8.49029000
50  77. 19

Since h
tw

 77.19, tension field action can be used, and

Vn  0.6FyAw Cv 
1 − Cv

1.15 1  a/h2

Compute Cv. 1. 37 kvE
Fy

 1.37 8.49029000
50  96. 14

Since h
tw

 96.14, Cv 
1.51kvE
h/tw2Fy

 1.518.49029000
211.2250

 0.1667

Vn  0.6505/16  66 0.1667  1 − 0.1667
1.15 1  1.1972

 390. 6 kips
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Middle panel:

a  5512 − 212  12  9  354 in.,

a
h  354

66  5. 364  3 ∴ kv  5 and tension-field action cannot be used.

1.10 kvE
Fy

 1.10 529000
50  59. 24

1.37 kvE
Fy

 1.37 529000
50  73. 78

Compute Cv.

Since h
tw

 73.78, Cv 
1.51kvE
h/tw2Fy

 1.51529000
211.2250

 9. 817  10−2

Vn  0.6FyAwCv  0.6505/16  660.09817  60. 74 kips

(a) LRFD solution

End panel: Design strength  vVn  0.90109.1  98.2 kips

wu  1.2wD  1.6wL  1.20.225  1.62.0  3. 470 kips/ft

Left reaction  VL 
3.47055

2  95. 43 kips  98.2 kips (OK)

Second panel: Design strength  vVn  0.90390.6  352 kips

Vu at beginning of panel  VL − wux  95.43 − 3.4706.167

 74.0 kips  352 kips (OK)

Middle panel: Design strength  vVn  0.9060.74  54.7 kips

Vu at beginning of panel  VL − wux  95.43 − 3.47012.75

 51.2 kips  54.7 kips (OK)

Girder has enough shear strength
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(b) ASD solution

End panel: Allowable strength  Vn
v

 109.1
1.67  65.3 kips

wa  wD  wL  0.225  2.0  2. 225 kips/ft

Left reaction  VL 
2.22555

2  61. 19 kips  65.3 kips (OK)

Second panel: Allowable strength  Vn
v

 390.6
1.67  234 kips

Va at beginning of panel  VL − wax  61.19 − 2.2256.167

 47.5 kips  234 kips (OK)

Middle panel: Allowable strength  Vn
v

 60.74
1.67  36.4 kips

Va at beginning of panel  VL − wax  61.19 − 2.22512.75

 32.8 kips  36.4 kips (OK)

Girder has enough shear strength

10.5-4

Determine the nominal shear strength for each panel

h
tw

 78
0.5  156

End panel: a
h  48

78  0.6154  3

260
h/tw

2
 260

211.2
2
 1. 516  a

h

kv  5  5
a/h2  5  5

0.61542  18. 2

1.10 kvE
Fy

 1.10 18.229,000
50  113.0
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Since h
tw

 113.0, Vn  0.6FyAwCv. Compute Cv.

1. 37 kvE
Fy

 1.37 18.229,000
50  140. 8

Since h
tw

 140.8,

Cv 
1.51kvE
h/tw2Fy

 1.5118.229,000
156250

 0.6550

Vn  0.6AwFyCv  0.678  0.5500.6550  766. 4 kips

For the 12-ft panels,

a
h  144

78  1. 846  260
h/tw

2
∴ kv  5

Tension field action cannot be used.

1.10 kvE
Fy

 1.10 529,000
50  59. 24

Since h
tw

 59.24, Vn  0.6AwFyCv

Compute Cv. 1. 37 kvE
Fy

 1.37 529,000
50  73. 78

Since h
tw

 73.78, Cv 
1.51kvE
h/tw2Fy

 1.51529,000
156250

 0.1799

Vn  0.678  0.5500.1799  210. 5 kips

All 12-ft panels have the same shear strength.

(a) LRFD Solution

Compute the factored-load shear at the beginning of each panel (this will be the
maximum shear in the panel).

wu  1.2wD  1.6wL  1.21.0  1.62  4. 4 kips/ft

Pu  1.6PL  1.6500  800.0 kips
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Left reaction  VL 
wuL  Pu

2  4.480  800
2  576.0 kips

At 4 ft, Vu  VL − 4.4x  576 − 4.44  558 kips

At 16 ft, Vu  576 − 4.416  506 kips

At 28 ft, Vu  576 − 4.428  453 kips

End panel:

vVn  0.90766. 4  690 kips  576 kips (OK)

First interior panel:

vVn  0.90210.5  190 kips  558 kips (N.G.)

The shear strength of all of the 12-ft panels will be the same, and the shear is greater
than 190 kips in each panel, therefore, there will not be enough shear strength in any of
the 12-ft panels.

The girder does not have enough shear strength.

(b) ASD Solution

Compute the shear at the beginning of each panel (this will be the maximum shear in
the panel).

wa  D  L  1  2  3 kips/ft

Pa  PL  500 kips

Left reaction  VL 
waL  Pa

2  380  500
2  370 kips

At 4 ft, Va  VL − 3x  370 − 34  358 kips

At 16 ft, Va  370 − 316  322 kips

At 28 ft, Va  370 − 328  286 kips

End panel:

Vn
n

 766.4
1.67  459 kips  370 kips (OK)

[10-16]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



First interior panel:

Vn
n

 210.5
1.67  126 kips  358 kips (N.G.)

The shear strength of all of the 12-ft panels will be the same, and the shear is greater
than 190 kips in each panel, therefore, there will not be enough shear strength in any of
the 12-ft panels.

The girder does not have enough shear strength.

10.6-1

Bearing strength: Apb  6 − 0.51/2  2  5. 5 in.2

Rn  1.8FyApb  1.8505.5  495.0 kips

Compressive strength: Use a length of web equal to

25tw  255/16  7. 813 in.

Compute the radius of gyration about an axis along the middle of the web:

I  1
12 7.8135/163  2 1

12 1/263  61/23  5/322  77. 79 in.4

A  7.8135/16  261/2  8. 442 in.2

r  I
A  77.79

8.442  3. 036 in.

The slenderness ratio is KL
r  Kh

r  0.7556
3.036  13. 83  25

∴ Pn  FyAg  508.442  422. 1 kips

(a) LRFD solution

Bearing strength  Rn  0.75422.1  317 kips

Compressive strength  Pn  0.90316.6  285 kips

Compression controls: Maximum factored concentrated load  285 kips
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(b) ASD solution

Bearing strength  Rn
  422.1

2.00  211 kips

Compressive strength  Pn
  316.6

1.67  190 kips

Compression controls: Maximum service concentrated load  190 kips

10.6-2

Bearing strength: Apb  6 − 0.59/16  4  12. 38 in.2

Rn  1.8FyApb  1.83612.38  802. 2 kips

Compressive strength: Use a length of web equal to

12tw  123/16  2. 25 in.

Compute the radius of gyration about an axis along the middle of the web:

I  1
12 2.253/163  4 1

12 9/1663  69/163  3/322  169. 7 in.4

A  2.253/16  469/16  13. 92 in.2

r  I
A  169.2

13.92  3. 486 in.

The slenderness ratio is KL
r  Kh

r  0.7534
3.486  7. 315  25

∴ Pn  FyAg  3613.92  501. 1 kips

(a) LRFD solution

Bearing strength  Rn  0.75802.2  602 kips

Compressive strength  Pn  0.90501.1  451 kips

Compression controls: Maximum factored concentrated load  451 kips
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(b) ASD solution

Bearing strength  Rn
  802.2

2.00  401 kips

Compressive strength  Pn
  451

1.67  270 kips

Compression controls: Maximum service concentrated load  270 kips

10.7-1

(a) Try tf  ¾ in., h  73 − 20.75  71. 5 in.

For a slender web, h
tw
≥ 5.70 E

Fy
 5.70 29,000

50  137. 3

∴ tw ≤ h
137.3  71.5

137.3  0.5208 in.

For a
h ≤ 1.5, h

tw
≤ 12.0 E

Fy
 12.0 29000

50  289. 0

For a
h  1.5, h

tw
≤ 0.4E

Fy
 0.429000

50  232.0

tw ≥ h
232.0  71.5

232.0  0.3082 in.

Try a 5
16 in.  71 1

2 in. web.

h
tw

 71.5
5/16  228. 8, Aw  5/1671.5  22. 34 in.2

Estimate required flange size.

Mu  1.2MD  1.6ML  1.20.25  2400  1.60.75  2400  3600 ft-kips

Af 
Mu/b
hFy

− Aw
6  360012/0.90

71.550 − 22.34
6  9. 703 in. 2

bf ≥ 9.703
0.75  12. 94 in.

Try a 3
4 -in.  14-in. flange, Af  0.7514  10. 5 in.2
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Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 5/1671.53  210.5 71.5  0.75
2

2

 3. 692  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 36,920
71.5/2  0.75  1012 in.3

Compression flange: Check FLB:

  bf
2tf

 14
20.75  9. 333, p  0.38 E

Fy
 0.38 29,000

50  9. 152

kc  4
h/tw

 4
228.8

 0.264  0.35∴ use kc  0.35

FL  0.7Fy  0.750  35 ksi

r  0.95 kcE
FL

 0.95 0.3529000
35  16. 18

Since p    r,

Fcr  Fy − 0.3Fy
 − p
r − p

 50 − 0.350 9.333 − 9.152
16.18 − 9.152  49. 61 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 71.55/16
143/4  2. 128  10

Rpg  1 − 2. 128
1200  3002. 128 228.8 − 5.7 29000

50  0.8941  1.0

Mn  RpgFcrSxc  0.8941501012  4. 524  104 in.-kips

bMn  0.9045240/12  3390 ft-kips  3600 ft-kips (N.G.)

Try a 3
4 -in.  17 1

2 -in. flange, Af  0.7517.5  13. 13 in.2

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 5/1671.53  213.13 71.5  0.75
2

2
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 4. 379  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 43,790
71.5/2  0.75  1200 in.3

  bf
2tf

 17.5
20.75  11. 67, p  0.38 E

Fy
 0.38 29,000

50  9. 152

kc  4
h/tw

 4
228.8

 0.264  0.35∴ use kc  0.35

FL  0.7Fy  0.750  35 ksi

r  0.95 kcE
FL

 0.95 0.3529000
35  16. 18

Since p    r,

Fcr  Fy − 0.3Fy
 − p
r − p

 50 − 0.350 11.67 − 9.152
16.18 − 9.152  44. 63 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 71.55/16
17.53/4  1. 702  10

Rpg  1 − 1.702
1200  3001.702 228.8 − 5.7 29000

50  0.9089  1.0

Mn  RpgFcrSxc  0.9089501200  5. 453  104 in.-kips

bMn  0.9054530/12  4090 ft-kips  3600 (OK)

Use a 5
16  71 1

2 web and 3
4  17 1

2 flanges

(b) Try tf  ¾ in., h  73 − 20.75  71. 5 in.

For a slender web, h
tw
≥ 5.70 E

Fy
 5.70 29,000

50  137. 3

∴ tw ≤ h
137.3  71.5

137.3  0.5208 in.
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For a
h ≤ 1.5, h

tw
≤ 12.0 E

Fy
 12.0 29000

50  289. 0

For a
h  1.5, h

tw
≤ 0.4E

Fy
 0.429000

50  232.0

tw ≥ h
232.0  71.5

232.0  0.3082 in.

Try a 5
16 in.  71 1

2 in. web.

h
tw

 71.5
5/16  228. 8, Aw  5/1671.5  22. 34 in.2

Estimate required flange size.

Ma  2400 ft-kips

Af 
bMa
hFy

− Aw
6  1.672400  12

71.550 − 22.34
6  9. 73 in. 2

bf ≥ 9.73
0.75  12. 97 in.

Try a 3
4 -in.  14-in. flange, Af  0.7514  10. 5 in.2

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 5/1671.53  210.5 71.5  0.75
2

2

 3. 692  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 36,920
71.5/2  0.75  1012 in.3

Compression flange: Check FLB:

  bf
2tf

 14
20.75  9. 333, p  0.38 E

Fy
 0.38 29,000

50  9. 152

kc  4
h/tw

 4
228.8

 0.264  0.35∴ use kc  0.35

FL  0.7Fy  0.750  35 ksi

r  0.95 kcE
FL

 0.95 0.3529000
35  16. 18
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Since p    r,

Fcr  Fy − 0.3Fy
 − p
r − p

 50 − 0.350 9.333 − 9.152
16.18 − 9.152  49. 61 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 71.55/16
143/4  2. 128  10

Rpg  1 − 2. 128
1200  3002. 128 228.8 − 5.7 29000

50  0.8941  1.0

Mn  RpgFcrSxc  0.8941501012  4. 524  104 in.-kips

Mn
b

 45240
1.6712  2257 ft-kips  2400 ft-kips (N.G.)

Try a 3
4 -in.  17 1

2 -in. flange, Af  0.7517.5  13. 13 in.2

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 5/1671.53  213.13 71.5  0.75
2

2

 4. 379  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 43,790
71.5/2  0.75  1200 in.3

  bf
2tf

 17.5
20.75  11. 67, p  0.38 E

Fy
 0.38 29,000

50  9. 152

kc  4
h/tw

 4
228.8

 0.264  0.35∴ use kc  0.35

FL  0.7Fy  0.750  35 ksi

r  0.95 kcE
FL

 0.95 0.3529000
35  16. 18

Since p    r,
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Fcr  Fy − 0.3Fy
 − p
r − p

 50 − 0.350 11.67 − 9.152
16.18 − 9.152  44. 63 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 71.55/16
17.53/4  1. 702  10

Rpg  1 − 1.702
1200  3001.702 228.8 − 5.7 29000

50  0.9089  1.0

Mn  RpgFcrSxc  0.9089501200  5. 453  104 in.-kips

Mn
b

 54530
1.6712  2720 ft-kips  2400 (OK)

Use a 5
16  71 1

2 web and 3
4  17 1

2 flanges

10.7-2

(a) Try tf  1.5 in., h  86 − 21.5  83.0 in.

For a slender web, h
tw
≥ 5.70 E

Fy
 5.70 29,000

50  137. 3

∴ tw ≤ h
137.3  83

137.3  0.6045 in.

For a
h ≤ 1.5, h

tw
≤ 12.0 E

Fy
 12.0 29000

50  289. 0

For a
h  1.5, h

tw
≤ 0.4E

Fy
 0.429000

50  232.0

tw ≥ h
232.0  83.0

232.0  0.3578 in.

Try a 3
8 in.  83 in. web.

h
tw

 83
3/8  221. 3, Aw  3/883  31. 13 in.2
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Estimate required flange size.

Mu  1.2MD  1.6ML  1.21320  1.62700  5904 ft-kips

Af 
Mu/b
hFy

− Aw
6  590412/0.90

8350 − 31.13
6  13. 78 in. 2

bf ≥ 13.78
1.5  9. 187 in.

Try a 1 1
2 -in.  11 3

4 -in. flange. Af  1.511.75  17. 63 in.2

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 3/8833  217.63 83  1.5
2

2

 8. 0810  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 80810
83/2  1.5  1879 in.3

Compression flange: Check FLB:

  bf
2tf

 11.75
21.5  3. 917, p  0.38 E

Fy
 0.38 29,000

50  9. 152

Since   p, Fcr  Fy  50 ksi

Check lateral-torsional buckling.

11¾"1½"

13.83"

3/8"

(not to scale)

h
6  83

6  13. 83 in.
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I  1
12 13.833/83  1

12 1.511.753  202. 8 in.4

A  13.833/8  11.751.5  22. 81 in.2

rt  I
A  202.8

22.81  2. 982 in.

Lb  25 ft.

Lp  1.1rt
E
Fy

 1.12.982 29000
50  79. 00 in.  6.583 ft

Lr  rt
E

0.7Fy
 2.982 29000

0.750  269. 7  22.48 ft

Since Lb  Lr,

Fcr 
Cb2E

Lb
rt

2 ≤ Fy

 1.67229000
25  12
2.982

2  47. 23 ksi  50 ksi

∴ LTB controls, and Fcr  47.23 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 833/8
11.751.5  1. 766  10

Rpg  1 − 1. 766
1200  3001. 766 221.3 − 5.7 29000

50  0.9142  1.0

Mn  RpgFcrSxc  0.9142501879  8. 589  104 in.-kips

bMn  0.9085890/12  6442 ft-kips  5904 ft-kips (OK)

Use a 3
8  83 web and 1 1

2  11 3
4 flanges
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(b) Try tf  1.5 in., h  86 − 21.5  83.0 in.

For a slender web, h
tw
≥ 5.70 E

Fy
 5.70 29,000

50  137. 3

∴ tw ≤ h
137.3  83

137.3  0.6045 in.

For a
h ≤ 1.5, h

tw
≤ 12.0 E

Fy
 12.0 29000

50  289. 0

For a
h  1.5, h

tw
≤ 0.4E

Fy
 0.429000

50  232.0

tw ≥ h
232.0  83.0

232.0  0.3578 in.

Try a 3
8 in.  83 in. web.

h
tw

 83
3/8  221. 3, Aw  3/883  31. 13 in.2

Estimate required flange size.

Ma  MD  ML  1320  2700  4020 ft-kips

Af 
bMa
hFy

− Aw
6  1.67402012

8350 − 31.13
6  14. 22 in. 2

bf ≥ 14.22
1.5  9. 48 in.

Try a 1 1
2 -in.  11 3

4 -in. flange. Af  1.511.75  17. 63 in.2

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 3/8833  217.63 83  1.5
2

2

 8. 0810  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 80810
83/2  1.5  1879 in.3

Compression flange: Check FLB:

  bf
2tf

 11.75
21.5  3. 917, p  0.38 E

Fy
 0.38 29,000

50  9. 152
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Since   p, Fcr  Fy  50 ksi

Check lateral-torsional buckling.

11¾"1½"

13.83"

3/8"

(not to scale)

h
6  83

6  13. 83 in.

I  1
12 13.833/83  1

12 1.511.753  202. 8 in.4

A  13.833/8  11.751.5  22. 81 in.2

rt  I
A  202.8

22.81  2. 982 in.

Lb  25 ft.

Lp  1.1rt
E
Fy

 1.12.982 29000
50  79. 00 in.  6.583 ft

Lr  rt
E

0.7Fy
 2.982 29000

0.750  269. 7  22.48 ft

Since Lb  Lr,

Fcr 
Cb2E

Lb
rt

2 ≤ Fy

 1.67229000
25  12
2.982

2  47. 23 ksi  50 ksi

[10-28]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



∴ LTB controls, and Fcr  47.23 ksi

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 833/8
11.751.5  1. 766  10

Rpg  1 − 1. 766
1200  3001. 766 221.3 − 5.7 29000

50  0.9142  1.0

Mn  RpgFcrSxc  0.9142501879  8. 589  104 in.-kips

Mn
b

 85890
1.6712  4286 ft-kips  4020 ft-kips (OK)

Use a 3
8  83 web and 1 1

2  11 3
4 flanges

10.7-3

Assume a girder weight of 160 lb/ft.

wu  1.2wD  1.6wL  1.20.5  0.160  0.792 kips/ft

Pu  1.6PL  1.6125  200.0 kips

Mu  1
8 wuL2  PuL

4  1
8 0.792502  20050

4  2748 ft-kips

Vu  VL 
wuL  Pu

2  0.79250  200
2  120 kips

Total depth: L
10  5012

10  60 in., L
12  5012

12  50 in.

Try a total depth of 55 in. and tf  1.5 in.

h  55 − 21.5  52 in.

In order for the web to be slender,

h
tw
≥ 5.70 E

Fy
 5.70 29,000

50  137. 3
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∴ tw ≤ h
137.3  55

137.3  0.401 in.

For a
h ≤ 1.5, h

tw
≤ 12.0 E

Fy
 12.0 29000

50  289. 0

For a
h  1.5, h

tw
≤ 0.4E

Fy
 0.429000

50  232.0

tw ≥ h
232.0  52

232.0  0.2241 in.

In order for intermediate stiffeners to not be required, a  25 ft.

Try a 3
8 -in.  52-in. web, h

tw
 52

3/8  138. 7, Aw  523/8  19. 5 in.2

Check shear. a  2512  300 in.

a
h  300

52  5. 769  3

Since a/h  3, kv  5 and tension-field action is not permitted.

Compute Cv. 1. 10 kvE
Fy

 1.10 529,000
50  59. 24

1.37 kvE
Fy

 1.37 529,000
50  73. 78

Since h
tw

 73.78,

Cv 
1.51kvE
h/tw2Fy

 1.51529,000
138.7250

 0.2276

Vn  0.6AwFyCv  0.619.5500.2276  133. 1 kips

Design strength  vVn  0.90133.1  120 kips  Vu (OK)

Estimate required flange size.

Af 
Mu/b
hFy

− Aw
6  274812/0.90

5250 − 19.5
6  10. 84 in. 2

bf ≥ 10.84
1.5  7. 23 in.
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Try a 1 1
2 -in.  9-in. flange, Af  1.59  13. 5 in.2

Girder weight  19.5  213.5 0.490
144

 0.158 kips/ft  0.160 kips/ft (OK)

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 3/8523  213.5 52  1.5
2

2

 2. 371  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 23,710
52/2  1.5  862. 2 in.3

Compression flange: Check FLB:

  bf
2tf

 9
21.5  3.0, p  0.38 E

Fy
 0.38 29,000

50  9. 152

Since   p, Fcr  Fy  50 ksi

Check lateral-torsional buckling.

9"1½"

8.667"

3/8"

(not to scale)

h
6  52

6  8. 667 in., I  1
12 8.6673/83  1

12 1.593  91. 16 in.4

A  8.6673/8  91.5  16. 75 in.2, rt  I
A  91.16

16.75  2. 333 in.

Lb  10 ft.
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Lp  1.1rt
E
Fy

 1.12.333 29000
50  61. 8 in.  5.15 ft

Lr  rt
E

0.7Fy
 2.333 29000

0.750  211. 0 in.  17.58 ft

Since Lp ≤ Lb  Lr,

Fcr  Cb Fy − 0.3Fy
Lb − Lp
Lr − Lp

≤ Fy

Compute Cb. The central unbraced length is critical.

10' 10' 10' 10' 10'

4 @ 2.5'
A B C

0.792 k/ft

200 k

xxxx

119.8 k 119.8 k

MA  MC  119.822.5 − 0.79222.52/2  2495 ft-kips

MB  Mmax  119.825 − 0.792252/2  2748 ft-kips

Cb 
12.5Mmax

2.5Mmax  3MA  4MB  3MC

 12.52748
2.52748  32495  42748  32495  1. 046

Fcr  Cb Fy − 0.3Fy
Lb − Lp
Lr − Lp

≤ Fy  50 ksi

 1.046 50 − 0.350 10 − 5.15
17.58 − 5.15  46. 18 ksi  50 ksi

Compute the plate girder strength reduction factor.

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0
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aw  hctw
bfctfc

 523/8
91.5  1. 444  10

Rpg  1 − 1.444
1200  3001.444 138.7 − 5.7 29000

50  0.9987  1.0

Mn  RpgFcrSxc  0.998750862.2  4. 305  104 in.-kips

bMn  0.9043050/12  3229 ft-kips  2748 ft-kips (OK)

Use a 3
8  52 web and 1 1

2  9 flanges

10.7-4

At the support, Vu  VL 
wuL

2  Pu 
248

2  120  168 kips

Mu  16824 − 2242/2 − 1208  2496 ft-kips

Try tf  1.5 in., h  48 − 21.5  45 in.

For a slender web, h
tw
≥ 5.70 E

Fy
 5.70 29,000

50  137. 3

∴ tw ≤ h
137.3  45

137.3  0.328 in.

For a
h ≤ 1.5, h

tw
≤ 12.0 E

Fy
 12.0 29000

50  289. 0

For a
h  1.5, h

tw
≤ 0.4E

Fy
 0.429000

50  232.0

tw ≥ h
232.0  45

232.0  0.1940 in.

Try a 3
16 in.  45 in. web.

h
tw

 45
3/16  240.0, Aw  3/1645  8. 438 in.2

Estimate required flange size.

Af 
Mu/b
hFy

− Aw
6  249612/0.90

4550 − 8.438
6  13. 38 in. 2
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bf ≥ 13.38
1.5  8. 92 in.

Try a 1 1
2 -in.  12-in. flange, Af  1.512  18.0 in.2

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 3/16453  218 45  1.5
2

2

 2. 088  104 in.4

Sx 
Ix
c  Ix

h/2  tf
 2. 088  104

45/2  1.5  870.0 in.3

Compression flange: Check FLB:

  bf
2tf

 12
21.5  4.0, p  0.38 E

Fy
 0.38 29,000

50  9. 152

Since   p, Fcr  Fy  50 ksi

Check lateral-torsional buckling.

12"

3/16"

7.5"

1.5"

Not to scale

h
6  45

6  7. 5 in., I  1
12 7.53/163  1

12 1.5123  216.0 in.4

A  7.53/16  121.5  19. 41 in.2, rt  I
A  216.0

19.41  3. 336 in.

Lb  16 ft.

Lp  1.1rt
E
Fy

 1.13.336 29000
50  88. 38 in.  7.365 ft

[10-34]
© 2013 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Lr  rt
E

0.7Fy
 3.336 29000

0.750  301. 7 in.  25.14 ft

Since Lp ≤ Lb  Lr,

Fcr  Cb Fy − 0.3Fy
Lb − Lp
Lr − Lp

≤ Fy

 1.0 50 − 0.350 16 − 7.365
25.14 − 7.365  42. 71 ksi (controls)

(Cb  1.0 is a slightly conservative estimate.)

Compute the plate girder strength reduction factor.

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 453/16
121.5  0.4688  10

Rpg  1 − 0.4688
1200  3000.4688 240.0 − 5.7 29000

50  0.9641  1.0

Mn  RpgFcrSxc  0.964142.71870.0  3. 582  104 in.-kips

bMn  0.903. 582  104/12  2687 ft-kips  2496 ft-kips (OK)

Shear: At left end,

Required vVn
Aw

 168
8.438  19. 91 ksi

Determine the required a/h manually (i.e., do not use the Manual Curves).

From Vn  0.6AwFyCv,

Required Cv 
Vn

0.6AwFy
 168/0.9

0.68.43850  0.7374

Determine required kv. Assuming that AISC Eq. G2-5 controls,

Cv 
1.5kvE
h/tw2Fy

and kv 
Cvh/tw2Fy

1.5E  0.7374240250
1.529,000  48. 82
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1.37 kvE
Fy

 1.37 48.8229,000
50  230. 5  h

tw
 240

∴ Eq. G2-5 controls as assumed

From AISC Eq. G2-6, a
h  5

kv − 5  5
48.82 − 5  0.3378

a  0.3378h  0.337845  15. 2. Use a  15 in.

At 15 in. from left end, Vu  168 − 2 15
12  165. 5 kips

vVn
Aw

 165.5
8.438  19. 61 ksi

Use the curves in Table 3-17b with h/tw  240.

For vVn
Aw

 18 ksi, a
h  1.05 For vVn

Aw
 21 ksi, a

h  0.75

For vVn
Aw

 19.91 ksi, a
h  1.05 − 19.91 − 18

21 − 18 1.05 − 0.75  0.859

a  0.859h  0.85945  38. 66. Use a  38 in

At 15  38  53 in. from left end, Vu  168 − 2 53
12  159. 2 kips

vVn
Aw

 159.2
8.438  18. 87 ksi

For vVn
Aw

 18 ksi, a
h  1.05 For vVn

Aw
 21 ksi, a

h  0.75

For vVn
Aw

 18.87 ksi, a
h  1.05 − 18.87 − 18

21 − 18 1.05 − 0.75  0.963

a  0.963h  0.96345  43. 34. Use a  43 in

At 53  43  96 in. from left end, Vu  168 − 2 96
12  152 kips

vVn
Aw

 152
8.438  18. 01 ksi, a

h  1.05

a  1.0545  47. 25 in. Use a  47 in.

That puts the next stiffener at 96  47  143 in. from the left end. Distance remaining
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to concentrated load is 1612 − 143  49.0 in. (This will be adequate).

At 16 ft from the left end (to the right of the concentrated load),

Vu  168 − 216 − 120  16 kips

Required vVn
Aw

 16
8.438  1. 896 ksi

For a
h  16  12

45  4. 267  3,

vVn
Aw

 2.1 ksi,∴ stiffeners not needed in middle 1/3.

The theoretical required stiffener spacing is shown below:

15" 38" 43" 47"

16'-0"

49" cL

Use the stiffener spacing shown below.

15"

16'-0"

cL37" 35" 35" 35" 35"

Use a 3
16 in.  45 in. web and 1 1

2 in.  12 in. flanges

Use the stiffener spacing shown above.
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10.7-5

From Problem 10.8-4, use a 3
16  45 web and 1 1

2  12 flanges. Reaction  VL  168
kips

Design the bearing stiffeners at the supports and use the same design for the interior
stiffeners.

Maximum stiffener width  bf − tw
2  12 − 3/16

2  5. 906 in.

Try b  5 in.

For b
t st

≤ 0.56 E
Fyst

, t ≥ b
0.56 E

Fyst

 5
0.56 29000

50

 0.371 in.

Try two plates, 3
8 in.  5 in., with 1-in. cutouts.

Bearing strength: Apb  5 − 13/8  2  3.0 in.2

Rn  1.8FyApb  1.8503  270.0 kips

Rn  0.75270  203 kips  VL  168 kips (OK)

Compressive strength: The maximum permissible length of web is

12tw  123/16  2. 25 in.

Compute the radius of gyration about an axis along the middle of the web:

I  1
12 2.253/163  2 1

12 3/853  53/82.5  3/322  33. 04 in.4

A  2.253/16  253/8  4. 172 in.2

r  I
A  33.04

4.172  2. 814 in.

Compute the compressive strength:

KL
r  Kh

r  0.7545
2.814  11. 99  25
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Fcr  Fy  50 ksi

cPn  0.90AgFcr  0.904.17250  188 kips  168 kips (OK)

Use 2 PL 3
8  5, with 1-in. cutouts.

10.7-6

(a) wu  1.2wD  1.6wL  1.21.0  1.62  4. 4 kips/ft

Pu  1.6PL  1.6500  800.0 kips

Left reaction  VL 
wuL  Pu

2  4.480  800
2  576.0 kips

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 0.5783  23  22 78  3
2

2

 2. 363  105 in.4

The shear flow is

Q  Af
h
2  tf

2  322 78
2  3

2  2673 in.3

At the support, VuQ
Ix

 5762673
236,300  6. 516 kips/in.

Minimum weld size  3
16 in. (AISC Table J2.4)

Minimum length  4 3
16  0.75 in.  1.5 in., use 1.5 in.

Use E70 electrodes, Rn  1.392D kips/in., where D  weld size in sixteenths.

Try 3
16 -in.  1 1

2 -in. intermittent fillet welds. For two welds,

Weld strength  2  1.3923  8. 352 kips/in.

The base metal shear yield strength (web controls) is

0.6Fyt  0.650 1
2  15.0 kips/in.
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Shear rupture strength is 0.45Fut  0.4565 1
2  14. 63 kips/in.

Weld strength controls. For a 1.5-in. length, Rn  1.58.352  12. 53 kips

Required spacing:

Rn
s  VuQ

Ix
 12.53

s  6.516  s  1.92 in.

This spacing is too small for intermittant welds. Use a continuous weld.

Maximum clear spacing: From AISC E6,

d ≤ 0.75 E
Fy

tf  0.75 29,000
50 3  54.2 in. (or 12 in.; 12 in.; controls.)

Maximum s  12  1.5 in.  13.5 in.

For s  13.5 in.,

Rn
s  VuQ

Ix
 12.53

13.5  Vu2673
236,300  Vu  81.95 kips

Shear at mid-span, left of load,  576 − 4.440  400.0 kips, so maximum spacing
will never be used.

Spacing required at mid-span  RnIx
VuQ

 12.53236300
4002673  2. 77 in.

This spacing is too small for intermittant welds.

Use continuous 3
16 -in. E70 fillet welds.

(b) wa  wD  wL  1  2  3 kips/ft

Pa  500 kips

Left reaction  VL 
waL  Pa

2  380  500
2  370 kips

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 0.5783  23  22 78  3
2

2

 2. 363  105 in.4
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Shear flow:

Q  Af
h
2  tf

2  322 78
2  3

2  2673 in.3

At the support, VaQ
Ix

 3702673
236300  4. 185 kips/in.

Minimum weld size  3
16 in. (AISC Table J2.4)

Minimum length  4 3
16  0.75 in.  1.5 in., use 1.5 in.

Try 3
16 -in.  1 1

2 -in. intermittent fillet welds. For two welds and E70 electrodes,

weld strength  2  0.92793  5. 567 kips/in.

Base metal shear yield strength (web plate controls) is

0.4Fyt  0.450 1
2  10.0 kips/in.

Shear rupture strength is 0.3Fut  0.365 1
2  9. 75 kips/in.

Weld strength controls. For a 1.5-in. length, Rn  1.55.567  8. 351 kips

Required spacing:

Rn/
s  VaQ

Ix
 8.351

s  4.185  s  2.00 in.

This spacing is too small for intermittant welds. Use a continuous weld.

Maximum clear spacing: From AISC E6,

d ≤ 0.75 E
Fy

tf  0.75 29,000
50 3  54.2 in. (or 12 in.; 12 in.; controls.)

Maximum s  12  1.5 in.  13.5 in.

For s  13.5 in.,

Rn/
s  VaQ

Ix
 8.351

13.5  Va2673
236300  Va  54.69 kips

Shear at mid-span, left of load,  370 − 340  250 kips, so maximum spacing will
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never be used.

Spacing required at mid-span  Rn/Ix
VaQ

 8.351236300
2502673  2. 95 in.

This spacing is too small for intermittant welds.

Use continuous 3
16 -in. E70 fillet welds.

10.7-7

(a) Assume a girder weight of 400 lb/ft.

wu  1.2wD  1.6wL  1.20.400  1.64  6. 88 kips/ft

Pu  1.6PL  1.6175  280.0 kips

Vu  VL 
wuL

2  Pu 
6.8870

2  280  520. 8 kips

Mu  520.835 − 6.88352/2 − 28070/6  10,750 ft-kips

Try tf  1.5 in.  h  712 − 21.5  81 in

For a slender web, h
tw
≥ 5.70 E

Fy
 5.70 29,000

50  137. 3

∴ tw ≤ h
137.3  81

137.3  0.5899 in.

For a
h ≤ 1.5, h

tw
≤ 12.0 E

Fy
 12.0 29000

50  289. 0

For a
h  1.5, h

tw
≤ 0.4E

Fy
 0.429000

50  232.0

tw ≥ h
232.0  81

232.0  0.3491 in.

Try a 1
2 in.  81 in. web. h

tw
 81

0.5  162, Aw  0.581  40. 5 in.2

Estimate required flange size.
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Af 
Mu

0.9hFy
− Aw

6  1075012
0.98150 −

40.5
6  28. 64 in. 2

bf ≥ 28.64
1.5  19. 09 in.

Try a 1 1
2 -in.  24-in. flange, Af  1.524  36.0 in.2

Girder weight  40.5  236 0.490
144  0.3828 kips/ft  0.400 kips/ft estimate

(OK)

Ix  1
12 twh3  2Af

h  tf
2

2
 1

12 0.5813  236 81  1.5
2

2

 1. 447  105 in.4

Sx 
Ix
c  Ix

h/2  tf
 144700
81/2  1.5  3445 in.3

Compression flange: Check FLB:

  bf
2tf

 24
21.5  8.0, p  0.38 E

Fy
 0.38 29,000

50  9. 152

Since   p, Fcr  Fy  50 ksi

Check lateral-torsional buckling.

h
6  81

6  13. 5 in., I  1
12 13.50.53  1

12 1.5243  1728in.4

A  13.50.5  241.5  42. 75 in.2, rt  I
A  1728

42.75  6. 358 in.

Lb  23.33 ft.

Lp  1.1rt
E
Fy

 1.16. 358 29000
50  168. 4 in.  14.03 ft

Lr  rt
E

0.7Fy
 6. 358 29000

0.750  575. 0 in.  47.92 ft

Since Lp  Lb  Lr,
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Fcr  Cb Fy − 0.3Fy
Lb − Lp
Lr − Lp

≤ Fy

 1.0 50 − 0.350 23.33 − 14.03
47.92 − 14.03  45. 88 ksi (controls)

(Cb  1.0 is a slightly conservative estimate.)

Compute the plate girder strength reduction factor.

Rpg  1 − aw
1200  300aw

hc
tw
− 5.7 E

Fy
≤ 1.0

aw  hctw
bfctfc

 811/2
241.5  1. 125  10

Rpg  1 − 1.125
1200  3001.125 162 − 5.7 29000

50  0.9819  1.0

Mn  RpgFcrSxc  0.981945.883445  1. 552  105 in.-kips

bMn  0.901. 552  105/12  11,640 ft-kips  10,750 ft-kips (OK)

Try a 1
2  81 web and 1 1

2  24 flanges

Shear: At left end (end panel),

Required vVn
Aw

 520.8
40. 5  12. 86 ksi, h

tw
 162

From Table 3-17a in the Manual, a
h  0.72 by interpolation.

a  0.72h  0.7281  58. 32. Use a  58 in.

At 58 in. from left end, Vu  520.8 − 6.88 58
12  487. 5 kips

vVn
Aw

 487.5
40.5  12. 04 ksi

From Table 3-17b, a
h  2.6

a  2.681  210. 6. Use a  210  210.0 in.

At 70/3  23. 33 ft from the left end (to the right of the concentrated load),
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Vu  520.8 − 6.8823.33 − 280  80. 29 kips

Required vVn
Aw

 80.29
40.5  1. 982 ksi

For a
h  23.33  12

81  3. 46  3, vVn
Aw

 4.5 ksi,∴ stiffeners not needed in middle

1/3.

Use 2 intermediate stiffeners spaced from each end as follows:

1 at 58 in. and 1 at 111 in.

Use a 1
2  81 web and 1 1

2  24 flanges

(b) Intermediate stiffener size:

b
t st

≤ 0.56 E
Fy

Available width: bf − tw
2  24 − 0.5

2  11. 75 in. Try b  6 in.

t ≥ b
0.56 E

Fy

 6
0.56 29000

50

 0.4449

Ist ≥ Ist1  Ist2 − Ist1
Vr − Vc1
Vc2 − Vc1

Ist1  min
a
h

tw
3 j

j  2.5
a/h2 − 2  2.5

58/812 − 2  2. 876  0.5, ∴ use j  2.876

Ist1  min
58
81

1/232.876  20. 85 in.4

Ist2 
h4st

1.3

40
Fyw
E

1.5
, st  max

Fyw/Fyst

1
 1
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Ist2 
81411.3

40
50

29000
1.5

 77. 04 in.4

For h/tw  162 and a/h  111/81  1. 37,

vVn
Aw

 6.7 ksi for the no tension field case and Table 3-17a

Vc1  vVn  6.7Aw  6.781  0.5  271. 4 kips

vVn
Aw

 17 ksi for the tension field case and Table 3-17b

Vc2  vVn  17Aw  1781  0.5  688. 5 kips

Vr  520. 8 kips

Ist ≥ Ist1  Ist2 − Ist1
Vr − Vc1
Vc2 − Vc1

 20.85  77.04 − 20.85 520.8 − 271.4
688.5 − 271.4  54.5 in.4

Try two plates 1
2  6

Ist ≈ 1
12 3/86  0.5  63  61.0 in.4  54.5 in4 (OK)

Length: From Figure 10.9 in the textbook,

c ≥ 4tw  40.5  2 in., and c ≤ 6tw  60.5  3 in.

Assume a flange-to-web weld size of w  3
16 in. (minimum size) and c  3 in.

Length  h − w − c  81 − 3
16 − 3  77. 81 in., say 78 in.

c  81 − 78 − 3
16  2. 813 in. OK)

Use two PL 1
2  6  6´-06´´ for intermediate stiffeners.

Design the bearing stiffeners at the supports for a load of VL  520.8 kips

Maximum stiffener width  bf − tw
2  24 − 0.5

2  11. 75 in.
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Try b  8 in. and t ≥ b
0.56 E

Fyst

 8
0.56 29000

50

 0.5932 in.

Try two plates, 5
8 in.  8 in., with 1-in. cutouts.

Bearing strength: Apb  8 − 15/8  2  8. 75 in.2

Rn  1.8FyApb  1.8508.75  787. 5 kips

Rn  0.75787.5  590. 6 kips  VL  520.8 kips (OK)

Compressive strength: The maximum permissible length of web is

12tw  120.5  6 in.

Compute the radius of gyration about an axis along the middle of the web:

I  1
12 60.53  2 1

12 5/883  85/84  1/42  234.0 in.4

A  60.5  285/8  13.0 in.2

r  I
A  234

13  4. 243 in.

Compute the compressive strength:

KL
r  0.7581

4.243  14. 32  25 ∴ Fcr  Fy  50 ksi

cPn  0.90FcrAg  0.905013  585.0 kips  519.1 kips (OK)

Use 2 PL 5
8  8 with 1-in. cutouts for bearing stiffeners at the supports.

Because there is a large difference between the reactions and the interior concentrated
loads, use a different size for the interior bearing stiffeners. Design the interior bearing
stiffeners for a load of Pu  280 kips.

Try b  6 in. and t ≥ b
0.56 E

Fyst

 8
0.56 29000

50

 0.5932 in.

Try two plates, 5
8 in.  6 in., with 1-in. cutouts.
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Bearing strength: Apb  6 − 15/8  2  6. 25 in.2

Rn  1.8FyApb  1.8506.25  562. 5 kips

Rn  0.75562.5  422 kips  Pu  280 kips (OK)

Compressive strength: The maximum permissible length of web is

25tw  250.5  12. 5 in.

Compute the radius of gyration about an axis along the middle of the web:

I  1
12 12.50.53  2 1

12 5/863  65/83  1/42  101. 8 in.4

A  12.50.5  265/8  13. 75 in.2

r  I
A  101.8

13.75  2. 721 in.

Compute the compressive strength:

KL
r  0.7581

2.721  22. 33  25 ∴ Fcr  Fy  50 ksi

cPn  0.90FcrAg  0.905013.75  618. 8 kips  519.1 kips (OK)

Use 2 PL 5
8  6 with 1-in. cutouts for the interior bearing stiffeners.

(c) Design the flange-to-web welds.

The shear flow is Q  Af
h
2  tf

2  1.5  24 81
2  1.5

2  1485 in.3

At the support, VuQ
Ix

 520.81485
144700  5. 345 kips/in.

Minimum weld size  3
16 in. (AISC Table J2.4)

Minimum length  4 3
16  0.75 in.  1.5 in., use 1.5 in.

Use E70 electrodes, Rn  1.392D kips/in., where D  weld size in sixteenths.

Try 3
16 -in.  1 1

2 -in. intermittent fillet welds. For two welds,

Weld strength  2  1.3923  8. 352 kips/in.
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Base metal shear yield strength (web plate controls) is

0.4Fyt  0.450 1
2  10.0 kips/in.

Shear rupture strength is 0.3Fut  0.365 1
2  9. 75 kips/in.

Weld strength controls. For a 1.5-in. length, Rn  1.58.352  12. 53 kips

Required spacing:

Rn
s  VuQ

Ix
 12.53

s  5.345  s  2.34 in.

Since this is less than twice the length of the weld, use a continuous weld.

For s  21.5  3 in., Vu 
RnIx

sQ  12.53144700
31485  407 kips

This occurs when 520.8 − 6.88x  407, Solution is: x  16. 54 ft

Maximum clear spacing: From AISC E6,

d ≤ 0.75 E
Fy

tf  0.75 29,000
50 1.5  27.1 in. (or 12 in.; 12 in.; controls.)

Maximum s  12  1.5 in.  13.5 in.

For s  13.5 in.,

Rn
s  VuQ

Ix
 12.53

13.5  Vu1485
144700  Vu  90.4 kips

Shear at first interior load, left of load,  520.8 − 6.8823.33  360. 3 kips, so
maximum spacing will not be used in the first third of the span.

Spacing required at left side of first interior load is

RnIx
VuQ

 12.53144700
360.31485  3. 389 in.

Check middle third of span. Shear on right side of load  360.3 − 280  80. 3 kips

s  RnIx
VuQ

 12.53144700
80.31485  15. 2 in.  13.5 in. maximum∴ use s  13 1

2 in.
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Summary for flange-to-web welds:

Use 3
16 in. continuous fillet welds for the first 17 feet.

Use 3
16 in  1 1

2 in. intermittent E70 fillet welds at 3 in. c.c. from 17 ft until the first

interior bearing stiffener.

Use 3
16 in  1 1

2 in. intermittent E70 fillet welds at 13 1
2 in. c.c. between interior

bearing stiffeners.

Welds for intermediate stiffeners ( 1
2  6 ):

Minimum weld size  3
16 in. (AISC Table J2.4)

Minimum length  4 3
16  0.75 in.  1.5 in., use 1.5 in.

Use E70 electrodes, Rn  1.392D kips/in., where D  weld size in sixteenths.

Try 3
16 in.  1 1

2 in. intermittent fillet welds. For four welds, the weld strength is

4  1.3923  16. 7 kips/in.

The base metal shear yield strength is

0.6Fyt  0.650 1
2  2  30.0 kips/in.

Shear rupture strength is 0.45Fut  0.4565 1
2  2  29. 25 kips/in.

Weld strength controls. For a 1.5-in. length, Rn  1.516.7  25. 05 kips

From Equation 10.4, the shear to be transferred is

f  0.045h
Fy

3

E  0.04581 503

29,000  7. 568 kips/in.

25.05
s  7.568 kips/in.  s  3.31 in.

A center-to-center spacing of 3 in. is equal to twice the length of the weld segment, so
either a continuous weld or an intermittent weld can be used. Use intermittent welds.

Maximum clear spacing: From AISC E6,
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d ≤ 0.75 E
Fy

tf  0.75 29,000
50 1.5  27.1 in. (or 12 in.; 12 in.; controls.)

Maximum s  12  1.5 in.  13.5 in.

Use 3
16 in.  1 1

2 in. E70 fillet welds spaced at 3 in. c-c for the intermediate stiffeners.

Welds for bearing stiffeners at the supports (5/8  8):

Minimum weld size  3
16 in. (AISC Table J2.4, based on web thickness of 1/2 in.)

Minimum length  4 3
16  0.75 in.  1.5 in., use 1.5 in.

Use E70 electrodes, Rn  1.392D kips/in., where D  weld size in sixteenths.

Try 3
16 in.  1 1

2 in. intermittent fillet welds. For four welds, the weld strength is

4  1.3923  16. 7 kips/in.

The base metal shear yield strength (web controls) is

0.6Fyt  0.650 1
2  2  30.0 kips/in.

Shear rupture strength is 0.45Fut  0.4565 1
2  2  29. 25 kips/in.

Weld strength controls. For a 1.5-in. length, Rn  1.516.7  25. 05 kips

The shear to be transferred is

Reaction  length available for weld  520.8
81 − 21.0  6. 592 kips/in.

25.05
s  6.592 kips/in.  s  3.80 in.

Use 3
16 in.  1 1

2 in. E70 fillet welds spaced at 3 1
2 in. c-c for bearing stiffener at support.

Welds for interior bearing stiffeners ( 5
8  6):

Minimum weld size  3
16 in. and minimum length  1.5 in.

Try 1
4 in.  1 1

2 in. intermittent fillet welds. For four welds, the weld strength is
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4  1.3923  16. 7 kips/in.

The base metal shear yield strength (web controls) is

0.6Fyt  0.650 1
2  2  30.0 kips/in.

Shear rupture strength is 0.45Fut  0.4565 1
2  2  29. 25 kips/in.

Weld strength controls. For a 1.5-in. length, Rn  1.516.7  25. 05 kips

The shear to be transferred is

Pu  length available for weld  280
81 − 21.0  3. 544 kips/in.

25.05
s  3.544 kips/in.  s  7.07 in.

Use 3
16 in.  1 1

2 in. E70 fillet welds spaced at 7 in. c-c for interior bearing stiffeners.

10.7-8

See solution to problem 10.7-7 for an example of the procedure.

10.7-9

See solution to problem 10.7-7 for an example of the procedure.
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