Steel Design 6th Edition Segui Sol utions Manual

CHAPTER 3 - TENSION MEMBERS

3.2-1

For yielding of the gross section,
Ag = 7(3/8) = 2.625in.2, P, = F,Ay = 36(2.625) = 94. 5 kips
For rupture of the net section,
Ae = (3/8)(7 - (1+ 1%)) — 2.180in.2
P, = FuAe = 58(2.108) = 122. 3 kips
a) The design strength based on yielding is
¢:P, = 0.90(94.5) = 85. 05 kips
The design strength based on rupture is
¢:Pn = 0.75(122.3) = 91. 73 kips
The design strength for LRFD is the smaller value: #+Pn = 85.1 kips

b) The allowable strength based on yielding is

Pn _ 945 _ :
O = 167 = 56. 59 Kkips

The allowable strength based on rupture is

Pn _ 122.3 _ i
0. ~ 2.00 = 61. 15 kips

The allowable service load is the smaller value: Pn/Qt = 56.6 Kips

Alternate solution using allowable stress: For yielding,
Fi = 0.6Fy = 0.6(36) = 21. 6 ksi
and the allowable load is FtAg = 21.6(2.625) = 56. 7 Kips
For rupture,
Fi = 0.5F, = 0.5(58) = 29.0 ksi
and the allowable load is F{Ae = 29.0(2.180) = 63. 22 kips

The allowable service load is the smaller value = 56. 7 Kkips

[3-1]
© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated,
osted to a publilcly accessiple websitf, Iin whqle or in part.

Visit Test BankDeal . comtooréet conplete tor a chapters



https://testbankdeal.com/download/steel-design-6th-edition-segui-solutions-manual/

3.2-2
For yielding of the gross section,
Ag = 6(3/8) = 2.25in.2
P, = FyAy = 50(2.25) = 112. 5 kips
For rupture of the net section,
Ae = Ag = 2.25in.2
Pn = FuAe = 65(2.25) = 146. 3 kips
a) The design strength based on yielding is
¢:Pn = 0.90(112.5) = 101 kips
The design strength based on rupture is
¢Pn = 0.75(146.3) = 110 kips
The design strength for LRFD is the smaller value: ¢+Pn = 101 Kips

b) The allowable strength based on yielding is

Pn _ 1125 _ ;
0.~ 1.67 67.4 Kips

The allowable strength based on rupture is

Pn _ 146.3 _ :
0. ~ "2.00 73.2 Kips

The allowable service load is the smaller value: Pn/Qt = 67.4 Kips

Alternate solution using allowable stress: For yielding,
Fi =0.6Fy, =0.6(50 = )30.0 ksi
and the allowable load is
FiAg =30.0(2.25 = )67. 5 kips
For rupture,
F. =0.5F, =0.5(65 = )32.5 ksi
and the allowable load is
FiA. =32.5(2.25) = 73. 1 kips
The allowable service load is the smaller value =67.5

kips
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3.2-3
For yielding of the gross section,
Pn = FyAg = 50(3.37) = 168. 5 kips
For rupture of the net section,
An = Ag — Anoles = 3.37 — 0.220(% 4 %) x 2 holes = 2.930 in.2

Ae = 0.85A, = 0.85(2.930) = 2.491in.?
Pn = FeAe = 65(2.491) = 161. 9 kips
a) The design strength based on yielding is
¢:Pn = 0.90(168.5) = 152 Kkips
The design strength based on rupture is
¢:Pn = 0.75(161.9) = 121. 4 Kips
The design strength is the smaller value: ¢:P, = 121.4 Kips
Let Py = ¢+Pn
1.2D + 1.6(3D) = 121.4, Solution is: {D = 20. 23}
P=D+L =20.23 +3(20.23) = 80. 9 kips P = 80.9 kips
b) The allowable strength based on yielding is

Pn _ 168.5 _ :
0. - 167 = 100. 9 kips

The allowable strength based on rupture is

Pn _ 161.9 _ :
0. ~ "2.00 80. 95 Kips

The allowable load is the smaller value = 80. 95 Kips P = 81.0 Kkips
Alternate computation of allowable load using allowable stress: For yielding,
F. = 0.6F, = 0.6(50) = 30.0 ksi
and the allowable load is
F:A; = 30.0(3.37) = 101. 1 kips
For rupture,
Fi = 0.5F, = 0.5(65) = 32. 5 ksi
and the allowable load is
FiAe = 32.5(2.491) = 80. 96 kips
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3.2-4

For A242 steel and t = %2 in., Fy = 50 ksi and Fy = 70 ksi. For yielding of the gross
section,

Ag = 8(1/2) = 4in.2
Pn = FyAg = 50(4) = 200 kips
For rupture of the net section,
An = Ag — Anoles = 4 — (1/2)(1 + %)(2) — 2.813in.2
Ae = A, = 2.8131in.2
P, = FuAe = 70(2.813) = 196. 9 Kips
a) The design strength based on yielding is
¢:Pn, = 0.90(200) = 180 kips
The design strength based on rupture is
$:Py = 0.75(196.9) = 147. 7 kips
The design strength for LRFD is the smaller value: #Pn = 148 kips

b) The allowable strength based on yielding is

Pn _ 200 _ :
O ~ 167 120 kips

The allowable strength based on rupture is

Pn _ 196.9 _ :
O = "2.00 = 98. 45 Kkips

The allowable service load is the smaller value: Pn/Q = 98.5 Kips

Alternate solution using allowable stress: For yielding,
F. = 0.6F, = 0.6(50) = 30 ksi
and the allowable load is
FiAy = 30(4) = 120 kips
For rupture,
Fi = 0.5F, = 0.5(70) = 35 ksi
and the allowable load is
FiA. = 35(2.813) = 98.5 kips
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The allowable service load is the smaller value = 98.5 Kips

3.2-5

For a thickness of t = 3/8 in., Fy = 50 ksi and F, = 70 ksi. First, compute the nominal
strengths. For the gross section,

Ag = 7.5(3/8) = 2.813in.2
P, = FyAq = 50(2.813) = 140. 7 kips
Net section:
A, = 2.813 - (%) (1% 4 %)(2) — 1.829n.2
Ae = A, = 1.829in.?
P, = FyAe = 70(1.829) = 128.0 kips
a) The design strength based on yielding is
¢«P, = 0.90(140.7) = 127 kips
The design strength based on rupture is
¢:P, = 0.75(128.0) = 96.0 kips
The design strength is the smaller value: ¢:P, = 96.0 kips
Factored load:
Combination 1: 1.4D = 1.4(25) = 35.0 kips
Combination 2: 1.2D +1.6L = 1.2(25) + 1.6(45) = 102 kips
The second combination controls; P, = 102 Kips.

Since Py ¢ >Pn, (102 Kips >96.0 kips), The member is unsatisfactory.

b) For the gross section, the allowable strength is

Pn _ 140.7 _ ;
0.~ 167 = 84.3 kips

Alternately, the allowable stress is
Fi = 0.6F, = 0.6(50) = 30 ksi
and the allowable strength is FtAg = 30(2.813) = 84.4 kips

For the net section, the allowable strength is
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Pn _ 1280 _ :
0. ~ "2.00 64.0 Kips

Alternately, the allowable stress is
F: = 0.5F, = 0.5(70) = 35 ksi and the allowable strength is
FiAe = 35(1.829) = 64. 02 kips

The smaller value controls; the allowable strength is 64.0 kips. When the only loads
are dead load and live load, ASD load combination 2 will always control:

Pa=D+L = 25+ 45 = 70 kips

Since 70 kips > 64.0 kips, The member is unsatisfactory.

3.2-6

Compute the strength for one angle, then double it. For the gross section,
P, = FyAq = 36(1.20) = 43. 2 kips

For two angles, P, = 2(43.2) = 86. 4 kips

Net section:
Ar=120-(1)(2+1) -0.9813in?
A = 0.85A, = 0.85(0.9813) = 0.8341in.?
P, = FuAe = 58(0.8341) = 48. 38 kips
For two angles, P, = 2(48.38) = 96. 76 Kips
a) The design strength based on yielding is
$:Pn = 0.90(86.4) = 77. 76 Kips
The design strength based on rupture is
¢+Pn = 0.75(96.76) = 72. 57 Kips
The design strength is the smaller value: ¢:P, = 72.6 kips
P,=1.2D+1.6L =1.2(12) + 1.6(36) = 72.0 kips < 72.6 kips  (OK)

The member has enough strength.

b) For the gross section, the allowable strength is

Pn _ 86.4
Q; ~ 1.67

Alternately, the allowable stress is

= 51. 74 kips
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Fi = 0.6F, = 0.6(36) = 21. 6 ksi
and the allowable strength is FtAg = 21.6(2 x 1.20) = 51. 84 kips

For the net section, the allowable strength is

Pn _ 96.76 _ :
O - 2.00 = 48. 38 kips

Alternately, the allowable stress is
Fi =0.5F, =0.5(58 = )29 ksi
and the allowable strength is F:Ae =29(2 x0.8341 = )48. 38 kips
The net section 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:
P.=D+L =12+ 36 = 48 kips < 48.4 kips (OK)

The member has enough strength.

3.3-1
(8 U=1-% - 1—% = 0.7060

Ae = AgU = 5.86(0.7060) = 4. 14 in.? Ae = 4.14in.?
(b) Plate with longitudinal welds only:

- (%) - 3(532(532(4)2 (1_ %) - 07988
Ae = AU = (% « 4)(0.7933) ~1.19in.2
Ae = 1.19in.2

€) U=1.0

Ae = AgU = (% x 5)(1.0) - 3.13in.2 Ae = 3.13in.2
d) U=10

Ay = 0.5(5.5) = 2. 750 in.2

An = Ag — Anoles = 2.750 — %(% + %) — 2.313in.2

Ae = AqU = 2.313(1.0) = 2. 313 in.? Ae = 2.311in.2

() U=1.0
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Ag:%x6=3.750in.2

An = Ag — Angies = 3.750 — %(% + %) — 3.125in.2

A = AqU = 3.125(1.0) = 3.125in. Ae = 3.13in.2
3.3-2
An = Ag = Anges = 3.31 - <L (L + %) ~ 2.873in.2
_1_X _q_115 _
Uu-1-% 15 —0.6167
A = AqU = 2.873(0.6167) = 1. 7721in.2
Pn = FuAe = 70(1.772) = 124 Kips P, = 124 kips
3.3-3
L% _4_ 0775 _
u-1-1 L5 — 0.9031
Ae = AU = 2.49(0.9031) = 2. 249 in.?
Pn = FuAe = 58(2.249) = 130. 4 kips Pn = 130 kips
3.3-4

For A588 steel, Fy, = 50 ksi and F, = 70 ksi
For yielding of the gross section,
Pn = FyAg = 50(4.79) = 239. 5 kips
For rupture of the net section,
An = Ag — Anoles = 4.79 — %(% + %) — 4.353 in.2
From AISC Table D3.1, Case 8, U =0.80
Ae = ApU = 4.353(0.80) = 3. 482 in.2
Pn = FuAe = 70(3.482) = 243. 7 Kips
a) The design strength based on yielding is
#tPn = 0.90(239.5) = 215. 6 kips

The design strength based on rupture is
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¢+Pn = 0.75(243.7) = 182. 8 kips
The design strength is the smaller value: ¢P, = 182.8 Kkips

Let Py = ¢:Pn
1.2D + 1.6(2D) = 182.8, Solution is: 41. 55
P=D+L =41.55+2(41.55) = 125 Kkips P = 125 Kips

b) The allowable strength based on yielding is

Pn _ 239.5 _ ;
0.~ 167 = 143. 4 kips

The allowable strength based on rupture is

Pn _ 2437 _ :
0. ~ 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,
F. = 0.6F, = 0.6(50) = 30.0 ksi
and the allowable load is
FiA; = 30.0(4.79) = 143. 7 kips
For rupture,
Fi = 0.5F, = 0.5(70) = 35 ksi
and the allowable load is
FiA. = 35(3.482) = 121. 9 kips

3.3-5
Gross section: P, = FyAg = 36(5.86) = 211. 0 kips
. _ (5 3 _ -
Netsection: A, = 5.86 (8 )(1 + S )(2) 4. 376 in.
_q_X _q__.103 _
u=1 0 1 3+313) 0.8856

Ae = ApU = 4.376(0.8856) = 3. 875 in.2
n = FuAe = 58(3.875) = 224. 8 kips
(@) The design strength based on yielding is
#tPn = 0.90(211.0) = 190 kips
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The design strength based on rupture is

#Pn = 0.75(224.8) = 168. 6 kips
The design strength is the smaller value: ¢:P, = 169 kips
Load combination 2 controls:

P, =1.2D+1.6L = 1.2(50) + 1.6(100) = 220 kips

Since Py > ¢Pn, (220 kips > 169 Kips), The member is not adequate.
(b) For the gross section, The allowable strength is % = % = 126 Kips
t .

For the net section, the allowable strength is % = % = 112. 4 Kips
t .

The smaller value controls; the allowable strength is 112 kips.
Load combination 6 controls:

P. =D +0.75L +0.75(0.6W = )50 +0.75(100 + )0.75(0.6()45 = )145. 3 kips
Since 145 kips >112 kips, The member is not adequate.

Alternate ASD solution using allowable stress:
F. =0.6Fy =0.6(36) = 21. 6 ksi
and the allowable strength is FiAg =21.6(5.86) = 127 Kips
For the net section, F; =0.5F, =0.5(58) = 29.0 ksi
and the allowable strength is FAe =29.0(3. 875) = 112. 4 kips
The smaller value controls; the allowable strength is 112 kips. From load combination
6,
Since 145 kips >112 kips, the member is not adequate.

3.3-6
For yielding of the gross section,
Ag = 5(1/4) = 1. 25in.2
Pn = FyAg = 36(1.25) = 45.0 kips

For rupture of the net section, from AISC Table D3.1, case 4,

302 X 3(7)? ( 0.25/2 )
- o _(_X)__ A _(q_ — 0.8394
U= e 1) = s o 7 ) =08
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Ae = AgU = 1.25(0.8394) = 1. 049 in.?
P, = FuAe = 58(1.049) = 60. 84 kips
a) The design strength based on yielding is
¢:P, = 0.90(45.0) = 40. 5 kips
The design strength based on rupture is
¢:Pn = 0.75(60.84) = 45. 63 kips
The design strength for LRFD is the smaller value:
b) The allowable strength based on yielding is

Pn _ 450 _ i
O = 167 = 27.0 Kips

The allowable strength based on rupture is

Pn _ 60.84 _ ;
0.~ 2.00 = 30. 42 kips

The allowable service load is the smaller value:

#+Pn = 40.5 Kkips

Pn/Q¢ = 27.0 kips

3.3-7

Gross section: P, = FyAg = 50(10.3) = 515.0 kips

Net section: A, = 10.3 - 0.520(% + %)(4) —~ 8.220in.2

Connection is through the flanges with four bolts per line.

br _ 6.56 _ 2 S
4 =S58 =0525<% - U=0.85

A. = AU = 8.220(0.85) = 6.987 in.?
Pn = FuAe = 65(6.987) = 454. 2 Kips

(a) The design strength based on yielding is
#tPn = 0.90(515.0) = 464 kips

The design strength based on rupture is
¢:Pn = 0.75(454.2) = 341 kips

The design strength is the smaller value:

Pn

(b) For the gross section, The allowable strength is o
t
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For the net section, the allowable strength is Po _ 4542 _ 227 Kips
Qi 2.00

The smaller value controls;

3.3-8
Gross section: P = FyAq = 50(5.17) = 258. 5 kips
Net section:

1 % _q_ 130 _
u=1 0 1 10 0.87

Ae = AgU = 5.17(0.87) = 4. 498 in.2

Pn = FuAe = 70(4.498) = 314. 9 kips
(@) The design strength based on yielding is

¢:P, = 0.90(258.5) = 233 kips
The design strength based on rupture is

¢:Pn = 0.75(314.9) = 236 kips
The design strength is the smaller value: ¢:P, = 233 kips
Load combination 3:

P, =1.2D + 1.65+ 0.5W = 1.2(75) + 1.6(50) + 0.5(70) = 205.0 kips
Load combination 4:

P, =1.2D+1.0W+0.5L + 0.55 = 1.2(75) + 1.0(70) + 0.5(50) = 185.0 kips
Load combination 3 controls. Since Py < ¢:Pn, (205 Kips < 233 kips),

The member is adequate.

(b) For the gross section, The allowable strength is % = 215—%75 = 155 kips
t .

For the net section, the allowable strength is P _ 3149 _ 157 kips
(o) 2.00

The smaller value controls; the allowable strength is 155 Kips.
Load combination 3: P, = D+ S = 75+ 50 = 125 kips

Load combination 6:
Pa =D +0.75(0.6W) + 0.75S = 75+ 0.75(0.6)(70) + 0.75(50) = 144.0 kips

Load combination 6 controls. Since 144 kips < 155 Kips, The member is adequate.
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3.4-1

Gross section:  Ag = 10(1/2) = 5in.?

Net section: Hole diameter = e + 1_ lin.

8 8
Possibilities for net area:

An=Ay—Ytx (dord) =5-(1/2)(1)(2) = 4.0 in.2

or Ay =5-(1/2)(1) - (1/2)[1— 4(12; }- (1/2)[1— 4(12.; J — 3.833 in.2

or Ap =5-(1/2)(1)(3) = 3.5in.2, but because of load transfer,
use An = %(3.5) — 5. 25 in.2 for this possibility.
The smallest value controls. Use A, = 3.833in.?
Ae = AjU = Ap(1.0) = 3.833in.?
Pn = FuAe = 58(3.833) = 222 kips

The nominal strength based on the net section is Pn = 222 Kips

3.4-2

Compute the strength of one plate, then double it.

Gross section:  Ag = 10(1/2) = 5.01in.?

3
4

=1in.

Net section: Hole diameter = = + % 3

Possibilities for net area:
An = Ag - Zt x (dord) =5-(1/2)(7/8)(2) = 4.125in.?

or A =5—(1/2)(7/8) - (1/2)[% - %J — 4.646 in.?

Because of load transfer, use A, = 170(4. 646) = 5. 162 in.? for this possibility.

or As = 5— (1/2)(7/8) - (1/2)[% - %J - (1/2)[% - %J _ 4.021in.2

Because of load transfer, use A, = 1?0(4.021) = 5. 026 in.? for this possibility.

The smallest value controls. Use A, = 4.125in.2
Ae = AU = 4.125(1.0) = 4. 125 in.2
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Pn = FuAe = 58(4.125) = 239. 3 kips
For two plates, P, = 2(239.3) = 478. 6 Kkips

The nominal strength based on the net section is Pn = 479 kips

3.4-3

Gross section: Ag = 8(3/8) = 3.0in.2, Pn = FyAg = 36(3.0) = 108 Kkips
ion: i _ 1.1 _5;

Net section: Hole diameter = >3 8 in.

An=Ag— Sty x (dord) = 3—(3/8)(5/8) = 2.766 in.2

or An = 3—(3/8)(5/8) (3/8)|:5/8 - %J _ 2.9541in.2

or A, = 3— (3/8)(5/8) (3/8)|:5/8— %; J %2 = 3.141in.2

or An = [3- (3/8)(5/8)(2)] x % = 3.038in.2

or A, = (3- (3/8)(5/8) — (3/8)|:5/8— %J(z)) x % = 3.460 in.2

Use Ae = A, = 2.766 in.?
P, = FuAe = 58(2.766) = 160. 4 kips
(@) Gross section: ¢+Pn = 0.90(108) = 97. 2 kips

Net section: #tPn = 0.75(160.4) = 120 kips ¢tPn = 97.2 Kips
- Pn _ 108 _ ;
(b) Gross section: O - 167 - 64.7 kips
. Pn _ 160.4 _ : _ ;

Net section: o - 200 - 80. 2 Kips Pn/Q¢ = 64.7 Kips
3.4-4
Gross section: Ay =5.87in.2, P, = FyAy = 50(5.87) = 293. 5 kips
Net section: Hole diameter = 1% + % =1.313Iin.

An=Ag—> tyx (dord’) = 5.87 — 0.448(1.313) = 5. 282 in.2

(1.5)° 2

or A, =5.87-0.448(1.313) — 0.448( 1.313 - 2() = 4.757in.
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—1-X_7_058 _
U=1-4~=1 6(L5) 0.9352

Ae = AjU = 4.757(0.9352) = 4. 449 in.?
Pn = FuAe = 70(4.449) = 311. 4 kips
(a) Gross section: #tPn = 0.90(293.5) = 264 kips
Net section: ¢+Pn = 0.75(311.4) = 234 kips (controls)
P, =1.2D+1.6L = 1.2(36) + 1.6(110) = 219 kips < 234 kips  (OK)

Since Py < ¢+Pn (219 kips < 234 kips), The member has enough strength.
- Pn _ 2935 _ i
(b) Gross section: o - 167 - 176 Kips
- Pn _ 311.4 _ i
Net section: 0. - 2.00 - 156 Kips (controls)

Pa=D+L =36+110 = 146 kips < 156 kips  (OK)

Since P, < % (146 Kkips < 156 kips), The member has enough strength.
t

3.4-5

For A572 Grade 50 steel, Fy = 50 ksi and Fy = 65 ksi.

Compute the strength for one angle, then multiply by 2.

Gross section: Ay = 4.00in.2, P, = F,Aq = 50(4.00) = 200.0 kips
For two angles, P, = 2(200.0) = 400.0 kips

Net section: Hole diameter = L4+1 _1in

88
An=Ag— S tx (dord’) = 4.00 - (3/8)(1) = 3.625in.

_ _ 3 3\ _ -
or A, =4.00 - (3/8)(1) (3/8)(1 4(1_5))_3.813m.2

400 . C ® Ny a0
or A, =4.00 - (3/8)(1) (3/8)(1 4(1_5)) 2 =4.0in.2

or A, =4.00-(3/8)(1) x2 = 3.25in.2, but because of load transfer,

use A, = %(3.25) = 3. 792 in.? for this possibility.
_1_X_1__0.861 _
Uu=1 0 1 3:34+3 0.9043
Ae = ApU = 3.625(0.9043) = 3. 278 in.?
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Pn = FuAe = 65(3.278) = 213. 1 kips
For two angles, P, = 2(213.1) = 426. 2 kips
() LRFD Solution
Gross section: #+Pn = 0.90(400) = 360 kips
Net section: ¢+Pn = 0.75(426.2) = 320 kips (controls)
#Pn = 320 kips

(b) ASD Solution
Gross section: Pn _ 4000 _ 240 Kkips

Qi 1.67
Lo Pn _ 426.2 _ ;
Net section: 0.~ 2.00 = 213 kips
Pn _ -
o 213 Kkips

3.4-6

Gross section: P, = FyAg = 36(3.30) = 118. 8 kips

Net section: Use a gage distance of 2.5+ 2.5 - 17_6 = 4.563in.

Hole diameter = 3 + L - Lin

4 8 8
An = Ag_ztx (dOI’d/)
— 3.30 — (7/16)(7/8) = 2. 917 in.2

or A, = 3.30— (7/16)(7/8) - (7/16)(% - 4(4(12—%;3)) = 2.63in.2

Use Ae = Ap = 2.63in.2, and P, = FyA. = 58(2.63) = 152. 5 kips
(@) Gross section: ¢:P, = 0.90(118.8) = 106. 9 kips
Net section: ¢Pn = 0.75(152.5) = 114. 4 kips
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Gross section controls. ¢+Pn = 107 Kips

.. Pn_ 118.8 _ -
(b) Gross section: 0. - 167 71. 14 Kips
.. Pno_ 1525 _ -
Net section: 0.~ "2.00 76. 25 Kips
Gross section controls. Pn/Q = 71.1 Kips

3.5-1
Shear areas:

Ay = %(4.5) = 1.969 in.2

Any = 1l6[4.5 ~1.5(1.0)] = 1. 313 in.2

Tension area = Ap; = %[1. 75-0.5(1.0)] = 0.5469 in.?

For this type of connection, Ups = 1.0, and from AISC Equation J4-5,
Rn = 0.6FyAn + UpsFuAnt
= 0.6(65)(1.313) + 1.0(65)(0.5469) = 86.8 kips
with an upper limit of
0.6FyAgy + UpsFuAnt = 0.6(50)(1.969) + 1.0(65)(0.5469) = 94.6 Kips
Rn = 86.8 kips

3.5-2
Shear areas:

Ag = %(2+4)x2 — 6in.2
An = %(2 +4-1.5(1+3/16)) x2 = 4.219in.?
Tension area = Ap; = %(7.5— 2-2-(0.5+0.5)(1+3/16)) = 1. 156 in.?

For this type of connection, Ups = 1.0, and from AISC Equation J4-5,
Rn = 0 6FuAnV + UbsFuAnt
= 0.6(58)(4.219) + 1.0(58)(1.156) = 214 Kips

with an upper limit of

[3-17]
© 2018 Cengage Learning®. All Rights Reserved. May not be scanned, copied or duplicated,
or posted to a publicly accessible website, in whole or in part.



0.6F,Aq + UpsFuAn = 0.6(36)(6) + 1.0(58)(1.156) = 197 kips

Rn = 197 kips

3.5-3
Tension member:
The shear areasare Ay = %(3.5 +1.5) x2 =4.375in.?

- L _ 3,1 _ in.2

An = =[3.5+15 1.5(4 4 8)} x 2 = 3.2271n.

. . _ 1 _ 3,1 _ —

The tension area is Ant = 16 [3.0 (0.5+0.5)<4 + 8” 0.9297 in.

For this type of connection, Ups = 1.0, and from AISC Equation J4-5,
Rn = 0.6FyAn + UpsFuAnt
= 0.6(58)(3.227) + 1.0(58)(0.9297) = 166. 2 kips
with an upper limit of
0.6FyAg + UpsFuAn = 0.6(36)(4.375) + 1.0(58)(0.9297) = 148. 4 kips
The nominal block shear strength of the tension member is therefore 148.4 Kips.

Gusset Plate:

Ag = %(3.5+2.5) x2 =4.5in.2

olw  oolw

Any [3.5+2.5—1.5(7/8)] x 2 = 3. 516 in.2

Ant = 3.0 - (0.5+0.5)(7/8)] = 0.7969 in.2

From AISC Equation J4-5,
Rn = 0.6F Any + UpsFuAnt
= 0.6(58)(3.516) + 1.0(58)(0.7969) = 168. 6 kips
with an upper limit of
0.6FyAgy + UpsFuAn = 0.6(36)(4.5) + 1.0(58)(0.7969) = 143. 4 kips
The nominal block shear strength of the gusset plate is therefore 143.4 kips

The gusset plate controls, and the nominal block shear strength of the connection is
143.4 Kips

(@) The design strength is ¢R, = 0.75(143.4) = 108 kips #Rn = 108 kips
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(b) The allowable strength is % = 1;'—3604 = 71. 7 Kips Rn/Q = 71.7 kips

3.5-4
Gross section nominal strength:

Pn = FyAg = 50(3.59) = 179. 5 kips (Ag = 3.59in.2 for a C7 x 12.25)
Net section nominal strength:

An = 3.59 -0.314(7/8)(2) = 3.041 in.?

~1_-X _q1_052 _
u=1 0 1 (3+3) 0.9125

Ae = AU = 3.041(0.9125) = 2. 775 in.?

Pn = FuAe = 65(2.775) = 180. 4 Kips
Block shear strength of tension member:
The shear areas are Ag = 0.314(1.5+3+3) x2 =4.710in.?2

An = 0.314[1.5+3+3-2.5(7/8)] x 2 = 3. 336 in.?
The tension area is

Ant = 0.314[3.0 - (0.5 +0.5)(7/8)] = 0.6673 in.?
For this type of connection, Ups = 1.0, and from AISC Equation J4-5,

Rn = 0.6FyAn + UpsFuAnt

= 0.6(65)(3.336) + 1.0(65)(0.6673) = 173. 5 kips

with an upper limit of

0.6FyAg + UpsFuAn = 0.6(50)(4.710) + 1.0(65)(0.6673) = 184. 7 kips
The nominal block shear strength of the tension member is therefore 173.5 Kips.

Block shear strength of gusset plate:

Ag = %(1.5+3+3)x2 — 5.625in.2

Anv

o|w  oojw

[1.5+3+3—2.5(7/8)] x 2 = 3.984 in.2

An = S[3-(0.5+0.5)(7/8)] = 0.7969 in.?

From AISC Equation J4-5,
Rn = 0 6FuAnV + UbsFuAnt
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= 0.6(58)(3.984) + 1.0(58)(0.7969) = 184. 9 kips
with an upper limit of
0.6FyAgy + UpsFuAnt = 0.6(36)(5.625) + 1.0(58)(0.7969) = 167. 7 Kips

The nominal block shear strength of the gusset plate is therefore 167.7 kips. The gusset
plate controls, and the nominal block shear strength of the connection is 167.7 Kips

(a) Design strength for LRFD:
For tension on the gross area, ¢:P, = 0.90(179.5) = 162 kips
For tension on the net area, ¢:P, = 0.75(180.4) = 135 kips
For block shear, R, = 0.75(167.7) = 126 Kips

Block shear controls. Maximum factored load = design strength = 126 kips

(b) Allowable strength for ASD:

: Pn _ 1795 _ ;
For tension on the gross area, o - 167 108 kips

For tension on the net area, P _ 1804 _ 90. 2 kips

Qi 2.00
Rn _ 167.7 _ i
For block shear, O - 200 83.9 kips
Block shear controls. Maximum service load = allowable strength = 83.9 kips
3.6-1

(@) Py =1.2D+1.6L =1.2(28)+1.6(84) = 168 kips

Required Ag = O.FS))LIJ:y = 0.5?26) =5.19in.?
Required Ae = Pu_ _ 168  _ 3 ggin.>

0.75F, ~ 0.75(58)

Required rmin = 3|50 = 1838012 =0.72in.
Try L5 x 3% x%

Ag =5.85in.2 >5.19in.2  (OK)

Mmin = r; = 0.744in. > 0.72 in. (OK)

An = 5.85—0.75(1 + 3/16) = 4. 959 in.>

Ae = AjU = 4.959(0.80) = 3.97in.2 > 3.86in.2 (OK)
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Use an L5 x 3% x 3%

(b) Pa=D+L =28+84 = 112 kips

- _Pa_ _Ps _ 112 _ in 2
Required Ay = F. ~ 0.6F,  0.6(30) =5.19in.
Required Ae — O_F;*‘Fu - o.é%ée;) _ 3.86in.2
Required rmin = 3I50 = 1%%102) =0.72in.

Try L5 x 3% x¥%
Ag =5.85in.2>5.19in.2  (OK)
Fmin = ; = 0.744 in. > 0.72 in. (OK)
An =5.85-0.75(1 + 3/16) = 4. 959 in.?
Ae = AqU = 4.959(0.80) = 3.97 in.2 > 3.86 in.2 (OK)
Use an L5 x 3% x ¥

3.6-2
(3) Py =1.2D+1.6L = 1.2(100) + 1.6(50) = 200.0 kips

Required Ag = O.F;Lll:y = 0.3%396) =6.17in.2

- __ Py _ 200 _ )
Required A = 0.75F, ~ 0.75(58) = 4.60in.

L - 20x12 _ggip,

Required rmin = 300 = 300

Try C12 x 25

Ag =7.34in2>6.17in.2  (OK)

Fmin = ry = 0.779in. < 0.8 in. (N.G)
(Although this value for the radius of gyration does not quite satisfy the AISC
recommendation for maximum slenderness, tensile strength is not affected by

slenderness, so some leeway is permitted. Therefore, we will consider this value
acceptable.)

An = 7.34 - 0.387(1 + 3/16)(2) = 6. 421 in.2

U=1—%=1—0-6%=0.8877
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Ae = AU = 6.421(0.8877) = 5. 70 in.2 > 4.60 in.? (OK)
Usea Cl12 x 25

(b) Pa=D-+L =100-+50 = 150 kips
Pa _ _Pa _ _150 _ _ g g4in?

Required Ay = Fr ~ 0.6Fy, 0.6(36)
Required A, = 52— = -0~ = 5.17in.2

0.5F,  0.5(58)

L 20x12 _nag:
300 ~ 300 o8I

Required rmin =

Try C12 x 25
Ag=7.34in%2 >6.94in.2  (OK)
Fmin = ry = 0.779in. < 0.8 in. (N.G))

(Although this value for the radius of gyration does not quite satisfy the AISC
recommendation for maximum slenderness, tensile strength is not affected by
slenderness, so some leeway is permitted. Therefore, we will consider this value
acceptable.)

An = 7.34 — 0.387(1 + 3/16)(2) = 6. 421 in.2

Uzl—%zl—%zo.%w

Ae = AU = 6.421(0.8877) = 5.70in.?2 > 5.17 in.? (OK)
Usea Cl2 x 25

3.6-3

(3 Py =1.2D+1.6L = 1.2(30) + 1.6(90) = 180.0 Kips

- _ Py _ 180 _ in 2
Required Ag = 0.9F, ~ 0.90(50) = 4.00in.

- Po _ _ 180 _ in 2
Required Ae = 0.75F, ~ 0.75(65) =3.69in.

L _ 25x12 _ ;
200 — 300 =1.0in.

The angle leg must be at least 5 in. long to accommodate two lines of bolts (See
workable gages for angles, Manual Table 1-7A).

Try 2L5 x 5 x 5/16
Ay =6.14in2 > 4.00in2  (OK)  Fmin=rx = 1.56in.>1.0in.  (OK)

Required rmin =
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An = 6.14 — 4(7/8 + 1/8)(5/16) = 4. 89 in.?
From AISC Table D4.1, for 4 or more bolts per line, U = 0.80
Ae = AU = 4.89(0.80) = 3.91in.2 > 3.69in.2 (OK)
Use 2L5 x 5 x 5/45

(b) Pa=D+L =30+090 = 120 kips

Required Ag = 0.%?:3/ = O.é%gO) =4.00in.?

Required A, = O.Z?:u = Oé%gS) =3.69in.2

L _ 25x12 _ ;
2300 ~ 300 =1.0in.

The angle leg must be at least 5 in. long to accommodate two lines of bolts (See
workable gages for angles, Manual Table 1-7A).

Try 2L5 x 5 x ®/44
Ag =6.141in.2 > 4.00in.2  (OK)  rmin=rx=1561in.>1.0in.  (OK)
An = 6.14 — 4(7/8 + 1/8)(5/16) = 4. 89in.?

From AISC Table D4.1, for 4 or more bolts per line, U = 0.80
Ae = AjU = 4.89(0.80) = 3.91in.? > 3.69in.2 (OK)

Required rmin =

Use 2L5 x 5 x 5/16

3.6-4

(a) Load combination 2 controls:

Py = 1.2D + 1.6L = 1.2(54) + 1.6(80) = 192. 8 Kips

i __ Py _ 1928 _ in 2
Required Ag = 0.90F, ~ 0.90(50) =4.28in.

: _ Py _ 1928 _ in 2
Required Ae = 0.75F, ~ 0.75(65) =3.961in.

L _ 17.5x12 _ ;
300 300 =0.71n.

Required rmin =

Try C10 x 20:
Ay =5.87in.2 > 4.28in.2  (OK)
Fmin = ry = 0.690in.~ 0.7 in.  (say OK)
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Ac = AgU = 5.87(0.85) = 4.99in.2 > 3.96 in.2 (OK) Use a C10 x 20

(b) Load combination 6 controls:
Pa =D +0.75L +0.75(0.6W) =54 + 0.75(80) + 0.75(0.6 x 75) = 147. 8 kips

Required Ag = 0.%?:3/ = OngSg) =4.93in.?

Required A, = O.Z?:u = Ongég) =4.55in.?

Required rmin = 3I50 = 17-??06 12 _0.7in.

Try C12 x 25:
Ag=7.34in%2 >4.93in.2  (OK)
Fmin = ry = 0.779in.>0.7in. ~ (OK)
Ae = AgU = 7.34(0.85) = 6. 24 in.?2 > 4.55in.? (OK) Use a C12 x 25

3.6-5
Required Ag = O.FS))LIJ:y = O.é?gG) = 5.56in.?
H _ Pu _ 180 _ in 2
Required Ae = 0.75F, ~ 0.75(58) = 4. 14in.
Required rmin = 3|50 = 1538012 = 0.6in.

Try C10 x 20
Ag =5.87in.2 >5.56in.2  (OK)
Fmin = ry = 0.690 in. > 0.6 in. (OK)
An =5.87-0.379(1.0)(2) = 5. 112in.?
Ae = AU = 5.112(0.85) = 4.35in.2 > 4.15in.2 (OK)
Use a C10 x 20

3.6-6

From Part 1 of the Manual, Fy, =50 ksi and F, = 70 ksi.
Py, =1.2D +1.6L = 1.2(175) + 1.6(175) = 490.0 kips
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Required Ag = O.Zl;:y = O.g%gO) =10.9in.?

i — Py — 490 — in 2
Required A 0.75F. 0.75(70) 9.33in.
i o _ L _ 30x12 _ :
Required rmin = 300 ~ 300 - 1.21n.
Try W10 x 49

Ay =14.4in.2>10.9in2  (OK)
Fmin = ry = 2.541in.>1.2n. (OK)
A, = 14.4 - 0.560(1.25 + 3/16)(4) = 11. 18 in.2

b 100 .2 )
d 100 > 3 = From AISC Table D3.1, Case 7, U = 0.90

Ae = AU = 11.18(0.90) = 10. 1in.?2 > 9.33in.2 (OK)
Use a W10 x 49

3.7-1
() LRFD: Load combination 1 controls: P, = 1.4(45) = 63.00 kips

: _ P, _ 8300 2
Required Av = §<50.75Fy) ~ 0.75(0.75)(58) _ » JoLin

Let ”sz ~1.931. d=1.568in.

Required d = 1.57 in. Use 1°/8in.

(b) ASD: Load combination 2 controls: P, = D +L = 45+ 5 = 50 kips

F¢ = 0.375F, = 0.375(58) = 21. 75 ksi

Required A, = % = %075 =2.299in.2
t .

Let ”sz _2299 d=171in

Requiredd = 1.71in. Used = 1% in.
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3.7-2
(@) Dead load = beam weight = 0.048 kips/ft
Wy = 1.2Wp + 1.6w, = 1.2(0.048) = 0.0576 Kips/ft
Py = 1.2Pp + 1.6P_ = 1.6(20) = 32.0 kips
Because of symmetry, the tension is the same in both rods.

Ty = %[0.0576(30) +32] = 16. 86 kips

: AL — Ty _ 16.86 _ in 2
Required Area = Ay 0.75(0.75F) 0.75(0.75)(58) 0.5168 in.

From Ap = ”sz required d = ‘/w — 0.811 in.

Required d = 0.811 in.,used = 7/8in.,

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

~0.0576(30)
- 222

: _ T, . 3286 _ -
Required Av = G<50.75F,) ~ 0.75(0.75)G8) _ + 207

Tu + 32 = 32. 86 kips

Let ”sz = 1.007, d=113in. Requiredd = 1.13in., use d = 1% in.

3.7-3

(a) Dead load = beam weight = 0.048 kips/ft

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

Ta = 1[0.048(30) + 20] = 10. 72 kips

2
F, = 0.375F, = 0.375(58) = 21. 75 ksi
Required Ap = ~& = 10.72 _ 4979 in 2

Fo 2175
Let ”sz =0.4929, d=0.792 in. Required d = 0.792 in., use d = 13/16 in.

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

_ 0.042(30) 420

Ta = 20. 72 Kkips
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Required Ap = % = % = 0.9526 in.?
t .

Let ”sz = 0.9526, d=1.10in. Requiredd = 1.10in.,use d = 1%/8in.

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 = 1.0(10) = 10 kips

At joint C,
> Fx=10-T,c0s26.57°=0 = Ty =11.18 kips
Required Ay — Ty _ 1118 _3427in?

0.75(0.75F,)  0.75(0.75)(58)

Let ”sz ~0.3427 d=066Llin. Requiredd = 0.661in., use d = 7/8 in.

3.7-5

() LRFD: P, =1.2D +1.6L = 1.6(35) = 56 kips

c T~ _0=tan™(9/15) = 3096°

v 56 k

-~ 15—

3 Mc = 56(15) — [Tsin(30.96°)](15) = 0, T =108.9 kips

- _ T _ 1089 _ -
Required Av = §<50.75Fy) ~ 0.75(0.75)58) > oo

Let ”sz = 3.338, d =2.062in. Requiredd = 2.06 in. Use 2 /g in.

(b) ASD: P, =D +L = 35kips
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c T~ _0=tan™(9/15) = 3096°

v 35k

-~ 15—

3 Mc = 35(15) — [Tsin(30.96°)](15) =0, T =68.04 kips
Fi = 0.375F, = 0.375(58) = 21. 75 ksi
Required Ap = T _ 68.04 _ 3 178ip2

F. ~ 21.75
Let ”sz ~3.128, d=2.00in. d=2in.
3.7-6
From Part 1 of the Manual, the inside diameter isd = 10.0 in.
2
Volume of water per foot of length = ”sz x 12 = w x 12 =942.5in.2

The total weight per foot is

weight of water + weight of pipe = %g)? (62.4) + 40.5 = 74. 53 Ib/ft

where the density of water has been taken as 62.4 1b/ft3
(a) Treat the load as 100% dead load:  w, = 1.4(74.53) = 104. 3 Ib/ft
The load at each support is 104.3 Ib/ft x10 ft = 1043 Ib

T T

SF, = 2T ~1043=0

T =5215Ib

1043 Ib

T _ 0.5215 _ 2in 2
0.75(0.75F,) _ 0.75(0.75)(58) _ - °J8>x107in

Required Ap =

Let ”sz _0.01598  d = 0.143in.
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Required d = 0.143 in. Use °/g in.minimum

(b) The load at each support is 74.53 Ib/ft x10 ft = 745.3 Ib.

T T

SF, =2T ~7453=0

T=37271b

7453 1b

Fi = 0.375F, = 0.375(58) = 21. 75 ksi

Required Ay = FL = 02'1377257 =1.714x 1072 in.2
t .

Let ”sz ~0.01714,  d = 0.148 in.

Required d = 0.148 in. Use /g in.minimum

3.8-1

Interior joint load:

30.15
30

3

Snow: 20(10)(12.5) = 2500 Ib

Roofing: 12(10)(30.15/30)(12.5) = 1508 Ib
Purlins: 8.5(12.5) = 106. 3 1b

Truss weight: 1000/3 = 333. 3 1b

(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.)

(@) Load combination 3 controls:
1.2D +1.6S = 1.2(1.508 + 0.1063 + 0.3333) + 1.6(2.5) = 6. 337 Kips

Exterior joint load. Use half of the above loads except for the purlin weight, which is
the same:
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1.2D + 1.65 = 1.2(% +0.1063 + %) + 1.6(%) — 3.232 kips

FjuB ’ 6.337 k 6.337 K
B : 3.232 K
RBX<— C ¢
A

D Ma = 6.337(10) + 6.337(20) + 3.232(30) — Rex(3) = 0
Rex = 95.69 Kips «
Joint B:

Rg,

I

95.69 k <o~

FBC
FBA
S F, = -95.69 + %FBC =0, Fac = 96.17 kips
- _ _Fec _ 96.17 _ o2
Required Aq 0.9F, ~ 0.9(36) 2.97 in.
Required Ae = Fec _ _96.17_ _ ) 51 p2

0.75F,  0.75(58)
L = 10(% —~ 10. 05 ft

Required Fmin = =t~ = 20:09x12 _ 4 402 jn,

300 300
Try WT5 x 11
Ag=3.24in.2 >2.79in.2  (OK)  rmin = 1.331in.>0.402in.  (OK)
_1_X _q_107 _
Uu=1 0 1 0.9027
Ae = AgU = 3.24(0.9027) = 2. 93 in.2 > 2.21in.2 (OK) Use WT5 x 9.5

(b) Load combination 3 controls:
D+S =1.508+0.1063 + 0.3333 + 2.5 = 4. 448 Kips

Exterior joint load: use half of the above loads except for the purlin weight, which is
the same:
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D+S = %08 +0.1063 + 0-32333 + 2-25 = 2. 277 kips

For a free-body diagram of the entire truss,
3" Ma = 4.448(10) + 4.448(20) + 2.277(30) — Rex(3) = 0
Rex = 67.25 kips «

For a free body of joint B:

> Fx=—67.25+530=Fec =0,  Fec = 67.59 kips

Required A = Ol.:GBIEy = Oﬁg(gg) =3.13in.2

Required A = ol.szlgu - O‘?g-(gg) ~2.33in.2

L _ 10.05x12 _ ;
300 300 = 0.402 in.

Required rmin =

Try WT5 x 11
Ay =3.24in2 >3.13in2  (OK)  rmn=1.33in.>0.402in.  (OK)

_1_X _q_2107 _
u=1 0 1 1 0.9027

Ae = AgU = 3.24(0.9027) = 2.93in.2 > 2.33in.2 (OK) Use WT5 x 9.5

3.8-2

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

12 k 12 k

12 k
A l l 12 k
T KT ‘ B c l 12 k
‘ D

|
g | e 1
Lol "
L K J [ H [
L 6@9" .
N =54'

Using the method of sections and considering the force in member AL to act at L,
> Mg = 45(FaLsin45°) — 12(45 + 36 + 27 + 18 +9) = 0
Fal = 50.91 kIpS
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Required Ag = Ol.:gléy = 058(%) =1.13in.2

- Fa.  _ 5091 _ 02
Required Ae = 0.75F, ~ 0.75(65) 1. 04 in.

L= /(97 + (92 = 12. 73 ft

L _ 12.73x12 — 0.509 in.

Required rmin = 300 300

Try L35 x3x &
Ag =1.58in.2 > 1.13in.2  (OK)  rmin = 0.628in.>0.509in.  (OK)
_ (3 .1\(1)_ in 2
An = 1.58 (4 + 8)(4) 1.36in.
From AISC Table D3.1, Case 8, use a value of U = 0.80
Ae = AU = 1.36(0.80) = 1.09 >in.2>1.04in.2  (OK)

Use L3% x 3 x % for member AL

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. The following table
shows the relatively small difference in requirements for all the web tension members.

Force Reg’d Ag
Member (kips)  (in.%)
AL 50.91 1.13

BK 46.86 1.04
CJ 43.27  0.962
DI 40.25  0.894
EH 37.95  0.843

3.8-3
Use load combination 3: 1.2D + 1.68S.

Tributary surface area per joint =15 /(9)2 + (9/6)2 = 136. 9 ft2
Roofing: 1.2D = 1.2(12)(136.9) = 1971 Ib

Snow: 1.6S = 1.6(18)(9 x 15) — 3888 Ib

Truss weight: 1.2D = 1.2(5000)/12 = 500 Ib

Purlin weight: 1.2D = 1.2(33x 15) = 594.0 Ib
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Interior joint: 1971 + 3888 + 500 + 594 = 6953 Ib = 6.95 Kips
At peak: 1971 + 3888 + 500 + 2(594) = 7547 Ib = 7.55 Kips
Load = 7.55 Kips at peak, 6.95 kips elsewhere
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3.8-4
Dead load per truss = (4 + 12 + 6)(40.79 x 2)(25) + 5(80)(25) = 54,870 Ib
Snow load per truss = 18(80)(25) = 36,000 Ib
D = 54870/8 = 6859 Ib/joint, S = 36000/8 = 4500 Ib/joint
(@) Load combination 3 controls:
Factored joint load = 1.2D + 1.6S = 1.2(6.859) + 1.6(4.500) = 15. 43 Kkips

B[ —1279_ 1543k
40

Bottom chord: Member FE has the largest tension force.

Use a free body of joint E:

R = Reaction =7(15.43)/2 = 54. 01 kips
SF, =54.01—- —8 _Fpe =0,  Fpe = 275.4kips

40.79

S =275.4( 580 ) ~Fre =0, Fre = 270.1kips
Required Ag = 0'.:9F|§y = 025(()5%) = 6.002 in.?2

Required Ae = ——F— — _270.1 __ 5 547 jn 2

0.75F,  0.75(65)

From A. = AjU,  Required Ay = Requl;ed Ae _ 5058451 = 6.52in.2

(This controls the gross area requirement.)

Required rmin = 3|50 = 1038012 =0.4in.
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Try2L 31 x3% x +
Ag = 6.50in.2 < 6.52in.2  (Butsay OK)
r« =21.05in, ry = 1.63in., .. rmn = 1.05in.> 0.4 in. (OK)
Use 2L 31 x 321 x 1 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 = (8)2 +(10)7 = 12. 81 ft.

> Mg = 12 81 +2=—Fan(30) — 15.43(10 + 20+ 30) = 0,  Fan = 49.41 Kips

Required Ag = 0'.:&*;)/ = 048(38) = 1.098in.?

- _ _Fan _ _49.41 _ 02
Required Ae 0.75F, 0.75(65) 1.014 in.
From Ae = AgU, Required Ay = Requl;ed Ae _ 1008154 = 1. 19 in.2 (controls)
- o L 12.81x12 _ :
Required rmin = 300 — 300 = 0.512 in.

Try2L2x2x =
Ag=1.44in.2 > 1.19in.? (OK)
re = 0.6121in., ry = 0.967in., .. rmin = 0.612 in. >0.512 in. (OK)

Use 2L 2 x 2 x = for diagonal web members

(b) Load combination 3 controls:
Joint load =D + S = 6859 + 4500 = 11,360 Ib

4
8 0.79
40

Bottom chord: Member FE has the largest tension force.
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Use a free body of joint E:

R = Reaction = 7(11.36)/2 = 39. 76 Kkips

S F, = 39.76 - 40879 —0, Fpe = 202.7 kips

SR =202.7( 8% ) ~Fre =0, Fre = 198.8 kips

Required Ag = OI.:6FIEy = 012?58) = 6.627in.?

Required Ae = OI.ZSFEU = olg?ég) =6.117 in.2

From Ae = AgU, Required Ay = RequrJed Ae _ 6(518157 =7.201in.2

(This controls the gross area requirement.)

L 10x12 _ o4
300 ~ 300 o4

Required rmin =

Try2L5x5x £
Ag=7.30in.2>7.20in.2  (OK)
re =21.55in, ry =2.20in.,, .. rmn = 1.55in.> 0.4 in. (OK)
Use 2L 5 x 5 x & 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 = ,/(8)2 +(10)? =12.81ft.

3 Mg = 12 Toogr Fan(30) —11.36(10+20+30) = 0,  Fan = 36.38 kips

Required Ay = o.Fé\Ey - O?g-(gg) = 1.2131in.2

Required A = o.Fé\l';u - O?g-(gg) ~1.119in.2

From Ae = AgU, Required Ag = Requged Ae _ 1(5 18159 = 1. 32 in.? (controls)
[3-36]
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L _ 12.81x12 _ :
300 300 = 0.512 in.

Required rmin =
Try2L2x2x &

Ag=1.44in2>1.32in2  (OK)

re = 0.6121in., ry = 0.967in., .. rmin = 0.612 in. > 0.512 in. (OK)

Use 2L 2 x 2 x % for diagonal web members

3.8-5

Use sag rods at midspan of purlins.

Top Chord length = ,/(40)2 + (8)? = 40. 79 ft
Tributary area = 40.79(25/2) = 509. 9 ft2
(a) Total vertical load = 6(509.9) = 3059 Ib

Component parallel to roof = 3059(408;79> = 600.0 b

Since the design is for dead load only, use load combination 1:
Py = 1.4D = 1.4(600) = 840 Ib

- _ Py _ 0.840 _ i 2
Required Aq (0. 75F ) 0.75(0.75)(58) 0.02575 in.

Let ”sz —0.02575: d = 0.181in.

Required d = 0.181 in., Use < in. minimum

(b) Pa=600.01lb
Fi =0.375F, =0.375(58 = )21. 75 ksi

Required Ay = Fl - 02-507050 = 0.02759 in.2
t .

Let ”sz = 0.02759, d = 0.187 in.

Required d = 0.187 in., Use 2 in. minimum
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