STEEL DESIGN

Chapter 1:
Introduction to Structural Steel Design
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Advantages of Steel as a Structural
Material

1. High Strength:

e The weight of structure that is made of steel will be
small.

2. Uniformity:
¢ Properties of steel do not change as oppose to
concrete.

e Homogenous Material.
e Isotropic Material (E, G, v)
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Advantages of Steel as a Structural
Material

3. Elasticity:

e Steel follows Hooke's law up to fairly high stresses.
e Moment of Inertia (I) can be accurately calculated.

4. Ductility:

e Steel can withstand extensive deformation without
failure under high tensile stresses, i.e. it gives
warnings before failure takes place.
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Advantages of Steel as a Structural
Material

4. Ductility:

e Measure of Ductility:

I _ X
P BT
Ly
where
e = elongation (expressed as a percent)
L; = length of the specimen at fracture
Ly = original length
« Or: a=A,—A/A,x 100

where
a = Reduction of Area (expressed as a percent)
A, = Original Area

A; = Area of specimen at fracture Dr. Hasan Katkhuda

Steel Design

Advantages of Steel as a Structural
Material

5. Permanence:

o Steel frames that are properly maintained will last
indefinitely.

6. Toughness.

e The ability of material to absorb energy in large
amounts.

/. Additions to existing structures:
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Disadvantages of Steel as a Structural
Material

1. Maintenance costs.

o Steel structures are susceptible to corrosion. It must
be painted periodically.

2. Fire proofing costs:

e The strength of the steel is reduced at high
temperatures due to fires.

3. Susceptibility to Buckiling.

4. Susceptibility to fatigue under repeated load.
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Types of Steel

o Steel is composed almost entirely of iron, but contains
small amounts of other elements such as Carbon,
Manganese, Silicon, Copper, ... etc.

e Jncreasing the Carbon will :

1. Increase the strength and hardness.
2. Decrease the ductility and toughness.
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Types of Steel

1. Carbon Steels:

i. Low Carbon Steel (Carbon < 0.15%)

ii. Mild Carbon (Structural) (Carbon 0.15%-0.29%)
iii. Medium Carbon Steel (Carbon 0.3%-0.59%)

iv. High Carbon Steel (Carbon 0.6%-1.7%)

e The Carbon steels A36, A53, A500, A 501 and A529
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Types of Steel

2. High Strength Low Alloy Steel:

o Fy = 42-70 ksi
e Corrosive resistance.

e The High Strength Low Alloy Steel are A572, A618,
A913 and A992.
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Types of Steel

3. Corrosion Resistant High Strength Low Alloy Steel :

e Fy = 80-110 ksi
e Corrosive resistance.

e The Alloy Steels are A242, A588 and A847.
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Types of Steel

Shapes
Applicable Shape Series

HSS
°
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_~ Heat-treated constructional
alloy steels; A514 quenched
and tempered alloy steel

A/
100

Minimum yield
strength
F, = 100 ksi

80 H (c)
/ AS572

60

Stress, Kips per square inch

40 A36

Carbon steels;

High-strength, low-
/ alloy carbon steels;
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Stress-Strain Curves

Elastic strain

. Upper yield

Strain hardening

P

Plastic strain

0N Lower yield

Stress Q

Strain (e =%>
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Stress-Strain

Curves

¢ Brittle Steel:

E, Fracture
TN F,
A= F
B "
N
v 4
W (i
= 4
v © Residual strain if unloaded
’ywhen stress is above elastic limit
I
>
Strain (e = %)
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Steel Sections

I. Rolled Sections:

1. Wide Flange Section (W):

e Designation: Wdn X m

e dn : Nominal Depth

e m : Weight per unit feet (Lb / ft)

Flange

Web Slope 0to 5%

W section
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Steel Sections

1. Wide Flange Section (W)

Examples: W 21 X 201, W21 X 182

e bf : Flange width o _J ko

e tw : Thickness of web T T

o tf : Thickness of flange S R

e d: Depth ?L__'L_—"
b,

Dr. Hasan Katkhuda
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Steel Sections

U Iy
b Table 1-1
d  Xx—fg—x |r W Shapes
tw—oB=—
i Dimensions
7
by k
Web Flange Distance
Area, | Depth, . Work-
shape | 4 4 |Thickness,| ® | Width, | Thickness, k k| 7| able
t 2 by |t Kges | Koot Gage
in.2 in. in. in. | _in. in. in. | in. | in. | in. | in._
W44x335° | 98.5 |44.0 |44 [1.03 |1 2 1159 |16 |1.77 |1%s |2.56 [2%s |16 |38%4 52
%290 | 85.4 |43.6 (43%.[0.865| s | he [15.8 | 157s | 1.58 |1%s [2.36 |271e [1Va
x262¢ | 76.9 |43.3 |437.|0.785| 3| 7he [15.8 | 15%4]1.42 |17h6 |2.20 |2 [13e
%230 67.7 [42.9 [427s{0.710] 6| Yo |15.8 | 15%4|1.22 |1Ve [2.01 |26 1316
W40x5030 174 [43.0 |43 [1.79 |13hs| 1576(16.7 | 16%|3.23 [3V: |4.41 |42 |2Vs [ 34 | 72
x503" 148 [42.1 (42 [1.54 196 | '%16[16.4 | 16%8|276 [2%: |3.94 [4 |2 |
x431" 1127 [41.3 |41V4[1.34 [156 | "V16(16.2 | 16V4 |2.36 (2% |3.54 {3%: |17 a
2 i
Steel Sections
Table 1-1 (continued)
W Shapes
Properties
W44 - W40
Nom- OomQaGt . Torsional
inal Section Axis X-X Axis Y-Y ; bl Properties
we, | Criteria s | o
| n| 1 | s [r] z | 1 [s]lr]z J b
Ib/tt) 2t | tw | in® | in® |in. | in® | in® | in3 | in [ in3 | in. | in. | int in®
335| 450(38.0 (31100 |1410 [17.8 [1620 [1200 [150 |3.49|236 | 4.24]423 | 747 | 535000
290 | 5.02(45.0 (27000 {1240 [17.8 [1410 [1040 [132 [349|205 | 4.21(42.0 | 509 | 461000
262 | 557(496 (24100 {1110 [17.7 [1270 | 923 (117 |347)182 | 417({41.9 | 373 | 405000
230| 6.45(54.8 (20800 | 971 [17.5 (1100 | 796 [101 [3.43(157 | 4.13[41.7 | 249 | 346000
593 | 2.58/19.1 |50400 (2340 [17.0 2760 [2520 (302 [3.80|481 | 463|398 | 445 997000
503} 2.98(22.3 41600 (1980 [16.8 (2310 [2040 (249 (372394 | 450[303 | 277 789000 |
431 344|255 |34800 (1690 [16.6 1960 (1690 (208 |3.65(328 | 4.41|389 | 177 6 uda
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Steel Sections

2. American Standard Beam (S):

¢ Designation: Sdn X m

e dn : Nominal Depth

e m : Weight per unit feet (Lb / ft)

§ :16% % slope

S beam
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Steel Sections

2. American Standard Beam (S):

bf : Flange width

tw : Thickness of web
tf : Thickness of flange
d : Depth

Examples: S 24 X 121 ......

Dr. Hasan Katkhuda
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Steel Sections

‘l'f Y |k
' Table 1-3
d ,'X— X |7 S Shapes
d\ : Dimensions
Yy | k&
bf
l Web Flange Distance
Area, | Depth, |—
Shape | A g | Thickness, | i, | Width, | Thickness, | [ [Workable
| by 2 by t Gage
in.2 in. in. in. in. in. in. in. in.
S24x121 355 (245 | 242 0.800| "¥w.| e | 8.05| 8 109 [1%e |2 202 4
x106 | 31.1 (245 | 24'2 | 0.620| %s e | 7.87| 778 | 1.09 |1 |2 202 4
S24x100 | 29.3 |24.0 | 24 0.745 | 3a Yg | 7.25| 74 | 0.870( s 134 202 4
x90 26.5 (240 | 24 0.625| %8 56 | 7.13| 7V | 0.8701 s 134 20| 4
x80 235 1240 | 24 0.500| 2 Yo | 7001 7 0.870| s 13/a 202 4
520x96 28.2 |20.3 | 20"+ | 0.800| 6| e | 7.20| 7 | 0.920| 916 | 1%s | 16%a | 4 ol
%86 25.3 [20.3 | 20%4 | 0.660| 6| ¥s | 7.06| 7 0.920| "6 | 1% 16% | 4
|
Steel Sections
Table 1-3 (continued)
S Shapes
Properties
S SHAPES
[ Compact Torsional
| Nom- | gection Axis X-X Axis Y-Y Properties
inal Criteria s | hy
wt. J C,
b | / s | r| 2 1 s|r| 2z ol
Ib/ft | 2t | & | in® | in3 |in [ in® | ind | in® | in. | in® |in | in. | int inS
121 3.69/259 |3160 |258 9.43 | 306 830 (206 (153 {363 [1.94 (234 (128 11400
106 3.61|334 2940 |240 9.71]279 768 (195 |1.57 |334 (193 |234 |10.1 10500
100 |4.16|278 |2380 |199 901|239 (474 {131 [1.27 |240 |1.66 |23.1 | 7.59 6350
90 4,09(33.1 (2250 [187 921|222 |447 |125 [1.30 (224 |1.66 |23.1 | 6.05 5980
80 |[4.02{41.4 (2100 (175 947|204 (420 120 (1.34 (208 |1.67 |23.1 | 489 5620
96 3911211 |1670 |165 7711198 |499 (139 [1.33 (249 [1.71 194 | 8.40 4690 da |
86 3.841256 |1570 |155 789|183 (466 |132 |[1.36 {231 |[1.71 |194 | 665 4370
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Steel Sections

3. American Standard Channels (C):
e Designation: Cdn X m

e dn : Nominal Depth

e m : Weight per unit feet (Lb / ft)

E 16% % slope

(2

American standard
channel

Dr. Hasan Katkhuda
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Steel Sections

3. American Standard Channels (C):

e bf : Flange width oL

e tw : Thickness of web - szId

e tf : Thickness of flange T

e d : Depth d el _‘L[ji_i
| Flm_

Examples: C 15 X 50 ......

Dr.

Hasan Katkhuda
Steel Design
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Steel Sections

TR S A
T, Table 1-5
Tl XX
| C Shapes
d el b Dimensions
o e
PNA
area,| Depth Web Flange Distance
i .l 2 . Work-
shape | A g |Thickness,| r, | Width, | Thickness, | | , |"hk| T | B
rw 2 hf tf Bage
| in? in in. in. in. in. in. | in. | in. | in. [ in.
C15x50 |14.7 [150 |15 [0.716] s| ¥s [3.72| 3% | 0.650| s [ 176 [12Vs| 2Ye |1.17 [14.4
x40 [11.8 |150 | 15 |0520( V2 | Va |352| 3% |0650| %% |17 |12%| 2 |15 |144
x33.9(10.0 {150 | 15 {0400| ¥ | %6 [340| 3% | 0.650| % |17 |12¥s| 2 |1.13 [14.4
C12x30 | 8.81[120 [ 12 [0510( Y2 | Ya |317| 3Vs | 0501| Y2 (1% | 9%| 1% [1.01 [115
x25 | 7.34[12.0 | 12 |0.387| % | %6 |3.05| 3 [0501( Vo |1Vs | 9% | 1% |1.00 |115
<207 608|120 | 12 0282 %o | %16 |294| 3 |050T| Vo |1 | 9% | 1% 0983|115 |
fuda
C10x30 | 8.61/100 | 10 |0673| "s| ¥s [3.03| 3 | 0.436| 75 |1 8 | 1% |0.925] 9.56 |
Steel Sections
Table 1-5 (continued)
C Shapes
Properties
C SHAPES
Nom-|Shear . . Torsional Properties
inal | ctr, Axis X-X Axis Y-Y | . -
WLl o ™ Tsr] 2 S| rxlz]x "L
Ib/it| in. | int | in® [in | in® | in® | in2 | in. | in. [in® | in. | in® | in® | in.
50 |0.583{404 |538 |5.24(685 [11.0 |3.77 |0.865|0.799[8.14 [0.490{265 [492 |5.49]0937
40 0767|348 (465 |545(57.5 | 9.17 |3.34 |0.883/0.778(6:84 |0.3921.45 410 |5.73|0927
339 |0.896(315 |42.0 |5.62|50.8 | 8.07 |3.09 [0.901|0.788|6.19 [0.3321.01 [358 [5.94|0.920
30 [0618(162 |27.0 |4.20/338 | 5.12 (2,05 |0.762|0.674|4.32 |0.367| 0.861 [151 | 454|0.919
25 |0.746(144 240 |4.43|29.4 | 4.45 [1.87 [0.779]0.674|3.82 0306|0538 [130 | 4.72|0.909
207 |0.870[129 |21.5 |4.61/256 | 3.86 |1.72 [0.797|0.698|3.47 |0.2530.369 [112  |4.93]0.899
uda
30 |0.368103 |20.7 |3.42|267 | 3.93 |1.65 |0.668|0.649|3.78 |0.441|1.22 | 795 |3.63|0.922
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Steel Sections

4. Structural Tees Split from W or S -Shapes (WT or ST)

¢ Designation: WTdn X mor STdn X m

e dn : Nominal Depth

e m : Weight per unit feet (Lb / ft)

1]

Tee

Dr. Hasan Katkhuda
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Steel Sections

4. Structural Tees Split from W or S -Shapes (WT or ST)

bf : Flange width

tw : Thickness of web
tf : Thickness of flange
d : Depth

Examples: WT 22 X 145 ......

Dr. Hasan Katkhuda
Steel Design
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Steel Sections

Table 1-8
WT Shapes
Dimensions
Stem Flange Distance
Area,| Depth, . Work-
Shape A d Thickness, i Area \'h:th, Thicl;nm, K able
tw 2 r r Gage
in2 in. in. in. | in2 in. in. in. | in. | im,
WT22x167.5° |49.2 (220 (22 |1.03 |1 Y2 1226 (159 (16 [1.77 | 1% [256 | 2% 5
x145° (42,7 |21.8 | 21%4)|0.865| /s he (189 |15.8 | 1575 | 1.58 | 1%16 |2.36 | 278
x131° (384 [21.7 | 21%(0.785| '3e| “he |17.0 |15.8 [15%4|1.42 | 1716 [2.20 [ 2Ya
x115%Y 1338 |21.5 [21%2|0.710| "e| % (152 [15.8 [15%4|1.22 | 1Ys |2.01 | 246
[ WT20x296.5" |87.2 (215 [212|1.79 [1'3%s| 1946/385 [16.7 [16%|3.23 | 3Vs [4.41 |42 7

Dr. Hasan Katkhuda

Steel Design
Steel Sections
Table 1-8 (continued)
WT Shapes
Properties
WT22-WT20
Compact 0 Torsional
Nom- | gection Axis X-X Axis Y-Y * | Properties
'w'_“" Criteria ;e
= — F=50
& h ] s r ¥ z Yo I s r z 'ksl
WAt | 2t | & |inf|ind | in | in. | in3 | in | ind | in2 ]| in | in3 int | inf
167.5| 450 | 215 | 2170 | 131 | 663 | 553 | 234 | 154 | 600 | 752 | 349| 118 | 0822 | 372 | 438
145 | 502|252 | 1830 | 111 | 654|526 | 196 | 1.35 | 521 | 659 | 3.49| 102 | 0629 | 254 | 275
131 | 557 | 276 | 1640 | 99.4 | 653 519 | 176 | 1.22 | 462 | 586 | 3.47 | 909 | 0526 | 186 | 200
115 | 6.45 | 302 | 1440 | 886 | 653 | 517 | 157 | 1.07 | 398 | 505 | 3.43 | 783 | 0.438 | 124 | 139
2965|258 | 12.0 [ 3310| 209 | 6.16 | 566 | 379 | 261 | 1260 | 151 | 3.80 | 240 | 100 | 221 | 2340
A o T o Dr. Hasan Katkhuda
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Steel Sections

5. Egual and UnEgual Leg Angles (L):
e Designation: LL1 X L2 X t
e L1:Longleg
e L2 : Short leg
e t : thickness

E AN E )
Unequal leg Equal leg
angle angle

Dr. Hasan Katkhuda
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Steel Sections

5. Equal and UnEgual Leg Angles (L)

e Examples: L8 X8 X1 ......

- I
‘@E

Sl ™

%] .2
A

Dr. Hasan Katkhuda
Steel Design
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Steel Sections

Table 1-7
— Angles
: Properties
Axis X-X Fiexural-Torsional
K wt Area, Properties
Shape A | s r 7 Z | w J Cw )
in. |/t | in2 | in® | in2 | in. | in. | in® [ in | inA in® | in
L8x8x1Vs | 1% |569 [167 [98.1 [175 [241 |240 316 |105 |713 |325 429
x1 1% |51.0 [150 [89.1 |[158 [243 |236 |285 |0943|508 |23.4 432
XYs |12 450 [132 (797 [140 [245 |231 |253 |0832(346 |16.1 436
s | 1% (389 |11.4 (699 [122 |246 [226 |220 |o0720({221 [104 439
X |10 [327 | 961 (596 [103 [248 |221 |186 | 0606|130 | 616 |4.42
x%6 | 136 | 296 | 8.68 |54.2 933 1249 |219 168 0.548 | 0.961 455 443
X2 |1 | 264 | 7.75 |48.8 836 | 249 |27 |15 0.4901 0.683 3.23 4.45 i |
uda
LBx6x1 |17 [442 [130 [809 [151 |249 |265 |273 |147 |434 163 3.88
Steel Sections
Table 1-7 (continued)
Angles
Properties L8-L6
Axis Y-Y Axis 2-Z as
Shape ! S r X z Xp I S r Tan F=3%
) o | ksi
int in2 in. in. in? in. int in? in.
L8xBxi's| 981 [175 | 241 | 240 316 | 105 (409 |[723 [ 156 [1.00 | 100
x1 891 (158 | 243 | 236 |285 | 0943|368 |651 | 156 |1.00 |1.00
xUs | 797 |140 | 245 | 231 |253 | 0832|327 |578 | 157 |1.00 |1.00
s | 699 (122 | 246 | 226 |220 | 0720285 |504 | 157 |1.00 | 1.00
s | 59.6 103 2.48 221 | 186 0.606 | 24.2 427 1.58 1.00 | 0.997
x%he (542 | 933 | 249 | 219 |168 | 0548|220 388 | 158 |1.00 | 0.959
xY2 | 488 | 836 | 249 | 247 |151 | 04% |197 |349 | 159 |1.00 | 0912
hud
o6 | 388 | 892 | 172 | 165 [162 | 0816|213 |ass | 128 |0542] 1.00 e
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Steel Sections

II. Cold Formed Steel Members:

e Thickness < 1 inch

J L L L L

Angle Channel Stiffened Zee Stiffened
channel zee
Stiffened
hat

Dr. Hasan Katkhuda
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Steel Sections

ITI. Built-up Sections:

R e

angle Structural tee  Channel  Built-up section Built-up section Box section

JL 17

I
| |
Bulcupsection . Wors I .

Built-up section Box section

Dr. Hasan Katkhuda
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STEEL DESIGN

Chapter 2:

Specifications, Loads and Method of Design

Dr. Hasan Katkhuda

Steel Design

Specifications

e The design of Structural Steel is controlled and
governed by building codes.

e These codes specify minimum:

Design Loads
Design Stresses
Construction Types
Material Quality
Other Factors

mo o>

Dr. Hasan Katkhuda
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Specifications

Examples:

American Association of State Highway and
Transportation Officials (AASHTO)

American Concrete Institute (ACI)

American Institute of Steel Construction (AISC)

Dr. Hasan Katkhuda
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Specifications

STEEL

CONSTRUCTION

“\‘l
AT

MANUAL

AMERICAN INSTITUTE
OF

STEEL CONSTRUCTION
INC.

THIRTEENTH EDITION ; Dr. Hasan Katkhuda
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Steel Construction Manual

e Part 1: Dimensions and Properties

e Part 2: General Design Considerations

e Part 3: Design of Flexure Members

¢ Part 4: Design of Compression Members
e Part 5: Design of Tension Members

e Part 6: Design of Members Subjected to Combined
Loadings

e Part 7: Design Considerations for Bolts
¢ Part 8: Design Considerations for Welds

Dr. Hasan Katkhuda
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Steel Construction Manual

e Part 9: Design of Connecting Elements
e Part 10: Design of Simple Shear Connections
e Part 11: Design of Flexible Moment Connections

e Part 12: Design of Fully Restrained (FR) Moment
Connections.

e Part 13: Design of Bracing Connections and Truss
Connections

e Part 14: Design of Beam Bearing Plates, Column Base
Plates, Anchor Rods, and Column Splices

Dr. Hasan Katkhuda
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Steel Construction Manual

e Part 15: Design of Hanger Connections, Bracket
Plates, and Crane-Rail Connections

e Part 16: Specifications and Codes
e Part 17: Miscellaneous Data and Math Information

Dr. Hasan Katkhuda
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Loads

e The objective of a structural engineer is to design a
structure that will be able to withstand all the loads to
which it is subjected while serving its intended
purpose throughout its intended life span.

e |Loads can be classified as:

1. Dead Loads
2. Live Loads
3. Environmental Loads

Dr. Hasan Katkhuda
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Loads

Dead Loads:

Dead load is a fixed position gravity service load.
Dead loads are usually known accurately.

Dead loads can be determined from many codes such
as International Building Code (IBC), ASCE, Jordanian
Code for Load and Forces, ... etc.

Dr. Hasan Katkhuda
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Loads

Table 17-13
Weights of Building Materials
Weight Weight
Materials Ib per sq ft Materials Ib per sq ft
CEILINGS PARTITIONS
Channel suspended system 1 Clay Tile
Lathing and plastering See Partitions 3in. 17
Acoustical fiber tile 1 4in, 18
6in. 28
8in. k]
10in. 40
FLOORS Gypsum Block
Steel Deck See Manufacturer | 2 in 9%
3in. 10'%
Concrete-Reinforced 1 in. 4in. 12'%
Stone 12'% 5in. 14
Slag 1'% 6in. 18'%
Lightweight 6to 10 Wood Studs 2x4
12-16in. 0.c. 2
Concrete-Plain 1 in. | Steel partitions 4
Stone | 12 Plaster 1 inch
Slag | 1 Cement 10
Lightweight | 3109 Gypsum 5
Lathing
Fills 1 inch Metal Yo
Gypsum 6 Gypsum Board Y-in 2
Sand 8
Cinders 4 Dr. Hasan Katkhuda
= Steel Design




Loads

Finishes
Terrazzo 1in.

Linoleum Y4-in.
Mastic ¥4-in.
Hardwood 7g-in.
Softwood ¥-in.

ROOFS
Copper or tin
Corrugated steel
3-ply ready roofing

Shingles
Wood
Asphalt

Clay tile
Slate Y4

Sheathing
Wood Ya-in.
Gypsum 1 in,

Insulation 1 in.
Loose
Poured
Rigid

Ceramic or Quarry Tile ¥;-in.

3-ply felt and gravel
5-ply felt and gravel

13
10

2%

1

|

See Manufactuer

5%
6

2

3
9to 14

10

W

WALLS

Brick

| 4in.

8in.
12in.

/| Hollow Concrete Block

(Heavy Aggregate)
4in.

6in.

8in.

12%%-in.

1 Hollow Concrete Block

(Light Aggregate)

4in.

6 in.

8in.

12in
Clay tile (Load Bearing)

4 in.

6in.

8in.

12in.
Stone 4 in.
Glass Block 4 in.
Window, Glass, Frame, & Sash
Curtain Walls
Structural Glass 1 in.

Corrugated Cement Asbestos V4-in.

40
80
120

30
43
55
80

21
30
38
55

25
30
33
45
55
18

See Manufacturer
15

3
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Loads

e Live Loads:

e Live loads are loads that may change in position and

magnitude.

e Live loads are caused when a structure is occupied,
used and maintained.

e Live loads can be determined from many codes such
as International Building Code (IBC), ASCE, Jordanian
Code for Load and Forces, ... etc.

Dr. Hasan Katkhuda
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Loads

e Examples:

iii.
iv.

V.

Floor Loads:

Traffic Loads for Bridges
Impact Loads
Longitudinal loads

Other loads (soil pressure, hydrostatic pressure,
blast loads......)

Dr. Hasan Katkhuda
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Loads

e Environmental loads:

ii.
iv.

Snow Loads

Rain Loads

Wind Loads
Earthquake Loads

Dr. Hasan Katkhuda
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Two Design Philosophies

1. Allowable Stress Design (ASD)

e A member is selected that has cross-sectional
properties such as area and moment of inertia that
are large enough to prevent the maximum applied
axial force, shear, or bending moment from exceeding
an allowable, or permissible value. This value is
obtained by:

required strength < allowable strength
where

nominal strength
allowable strength

salety lactor Dr. Hasan Katkhuda
Steel Design

Two Design Philosophies

e This approach is also called Elastic Design or Working
Stress Design.

e Two assumptions:

1. Use service loads (working loads).

2.The allowable stress is in the elastic range of the
material.
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Two Design Philosophies

2. Load and Resistance Factor Design (LRFD)

e A member is selected by using the criterion that the
structure will fail at a load substantially higher than
the working load.

e Two assumptions:

1. Load factors are applied to service loads.

2. The theoretical strength of the member is reduced by
the applications of a resistance factor.

Dr. Hasan Katkhuda
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Two Design Philosophies

Factored load < factored strength

ZtLouds x load factors) € resistance x resistance factor

ZJ/,Q,- S .oRn

Q; = a load cffect (a force or a moment)
¥% = a load factor

R, = the nominal resistance, or strength, of the component under consideration
¢ = resistance factor

Dr. Hasan Katkhuda
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Two Design Philosophies

e The reason for amplifying the loads is to account for

the uncertainty in estimating the loads

e load Factors (ASCE 2002) :

1.4(D + F)

12D+ F+T)+ 1.6(L+ H)+0.5(L, or Sor R)
1.2D + 1.6(L, or S or R) + (0.5L or 0.8W)

1.2D +1.6W+ 0.5L + 0.5(L, or Sor R)

1.2D+ 1.0E+0.5L+0.28

. 09D + 1.6W +1.6H

. 09D + 1.0E+ 1.6H

Nowe W

Dr. Hasan Katkhuda
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Two Design Philosophies

where
D = dead load
E =earthquake load

F = load due to fluids with well-defined pressures and maximum heights
H = load due to lateral earth pressure, groundwater pressure, or pressure of

bulk materials
L = live load
L, =roof live load
R = rain load"
S = snow load
T = self-straining force
W = wind load

Dr. Hasan Katkhuda
Steel Design

10



Two Design Philosophies

1.4D
1.2D + 1.6L + 0.5(L, or Sor R)

1.2D + 1.6(L, or S or R) + (0.5L or 0.8W)
1.2D +1.6W+ 0.5L 4+ 0.5(L, or S or R)’
1.2D = 1.0E + 0.5L + 0.25"

09D = (1.6Wor 1.0E)

(n
(2)
(3)
(4)
(5)
(6)

Dr. Hasan Katkhuda
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Two Design Philosophies

e Strength or Resistance Factor:

e Strength factors are usually reduction factors that
applied to the strength (stress , force, moment) of the
member to account for the uncertainties in material

strengths, dimensions and workmanship.

e These values are:

1. 0.85 for columns.

2. 0.75 or 0.90 for tension members.
3. 0.90 for bending or shear in beams.

Dr. Hasan Katkhuda
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Example

A column (compression member) in the upper story of a building is subject to the fol-

lowing loads:
Dead load:
Floor live load:
Roof live load:
Snow:

a. Determine the controlling load combination for LRFD and the corresponding

factored load. . . ‘
b. If the resistance factor ¢ is 0.90, what is the required nominal sirength?

109 kips compression
46 kips compression
19 kips compression
20 kips compression

Dr. Hasan Katkhuda
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Example

Combination 1;
Combination 2:

Combination 3:

Combination 4:

Combination 5:

Combination 6:

14D = 1.4(109) = 152.6 kips

1.2D + 1.6L + 0.5(L, or S or R). Because § is larger than L, and
R =0, we need to evaluate this combination only once, using S.
1.2D + 1.6L + 0.55 = 1.2(109) + 1.6(46) + 0.5(20) = 214.4 kips
1.2D + 1.6(L, or S or R) + (0.5L or 0.8W). In this combination,
we use S instead of L,, and both R and W are zero.

1.2D +1.65 + 0.5L = 1.2(109) + 1.6(20) + 0.5(46) = 185.8 kips

1.2D + 1.6W + 0.5L + 0.5(L, or § or R). This expression re-
duces to 1.2D + 0.5L + 0.55, and by inspection, we can see
that it produces a smaller result than combination 3.

1.2D + 1.OE + 0.5L + 0.2S. As E = 0, this expression reduces
to 1.2D + 0.5L + 0.2, which produces a smaller result than
combination 4,

0.9D + (1.6W or 1.0E). This expression reduces to 0.9D, which
is smaller than any of the other combinations.
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Example

Answer  Combination 2 controls, and the factored load is 214.4 Kips.
b. If the factored load obtained in part (a) is substituted into the fundamental LRFD
relationship, Equation 2.6, we obtain
R, < 0R,
214.4 < 0.90R,
R, > 238 kips

Answer  The required nominal strength is 238 kips.

Dr. Hasan Katkhuda

Frequency Distributions of Load Q &
Resistance R
Frequency
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Comparison of load and resistance factor
design with allowable stress design for
tension members
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STEEL DESIGN

Chapter 3:
Analysis and Design of Tension Members
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Introduction

Tension members are structural elements that are
subjected to axial tensile forces caused by static
forces acting through the centroidal axis.

Tension members are found in:

Truss members.

Bracing for buildings and bridges.

Cables in suspended roof systems and bridges.

Analysis of Tension members is Chapter D in the
specifications (part 16) in the Steel Manual.
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Introduction

e The stress in an axially loaded tension member is :

f=P/A
where,
e P: is the magnitude of load,

e A: is the cross-sectional area normal to the load.

e The stress in a tension member is uniform throughout

the cross-section except:

» Near the point of application of load, and

¢ At the cross-section with holes for bolts or other

discontinuities, etc.

Dr. Hasan Katkhuda
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Types of Sections

I. Rolled Steel Sections:
e W,S, WT, ST, C, L

IT. Special Sections:
e Flat bar, Rods and Cables.

ITI. Built up Sections:

I
A},,
1 L
[
Double angle  Structural tee  Channel
Built-up section WorS$ JL

nne Built-up sectior uilt-up section Box se
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Tensile Strength

¢ A tension member can fa// by reaching three limit
states:

1. Excessive deformation initiated by yielding of the
gross cross-section of the member away from the
connection.

2. Fracture of the effective net area (through the holes)
at the connections.

3. Block Shear fracture through the bolt holes at the
connection.
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Tensile Strength

1. Yielding in the gross cross-section:
e The nominal strength in yielding is:

P, = F,A,
e Where:

P, : Nominal Strength in the gross section.
F, : Yield Stress.
Ag : Gross cross-section area

’)H s ¢11)H

Where: ¢, =0.90
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Tensile Strength

2. Fracture in the net section:

Pn - FHAL’

e Where:
P, : Nominal Strength in the net section.
F,: Ultimate Stress.

A, : Effective net area
P,s 0P,

u-=

Where: ¢, =0.75

Dr. Hasan Katkhuda
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Tensile Strength

A, = AU
e Where:

A.: Effective net area.
A.: Net area for bolted connection.
U : Reduction Coefficient.
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Tensile Strength

e Important notes:

e Note 1: Why is fracture (not yielding) the relevant
limit state at the net section?

e Yielding will occur first in the net section. However,
the deformations induced by yielding will be localized
around the net section. These localized deformations
will not cause excessive deformations in the complete
tension member. Hence, yielding at the net section
will not be a failure limit state.

Dr. Hasan Katkhuda
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Tensile Strength

e Note 2: Why is the resistance factor (¢,) smaller for
fracture than for yielding?

e The smaller resistance factor for fracture (¢, = 0.75 as
compared to @, = 0.90 for yielding) reflects the more
serious nature and consequences of reaching the
fracture limit state.

e Note 3: What is the design strength of the tension
member?

e The design strength will be the /esser value of the
strength for the two limit states (gross section yielding

and net section fracture).

Steel Design




Net Area, An

e Net area is the gross sectional area of the member
minus the holes or notches.

e The long used practice is to punch holes with a
diameter 1/16 inch larger than that of the bolts
diameter.

e Punching damages 1/16 inch more of the surrounding
metal.

Dr. Hasan Katkhuda
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Net Area, An

d, =dg + 1/16 + 1/16
d, = dg + 1/8 inch (Based on the text book)

e Where:
e d, : diameter of the hole.
e dg : diameter of the bolt.

d, = dg + 1/16 inch
(Based on the specifications D-3)
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Examples (Net Area, An)

e Example 1:
/ PL1X 16
-—| & & & —
AN
N4
g-in bolts

Vet A = (A0 F+H)N)=] 15 m2 i

Dr. Hasan Katkhuda
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Examples (Net Area, An)

e Example 2:
/ PL% X 12
© © ©
- —
© © ©
“ A A
3_in bolts

4

Vet A= @) -@FE =[5.97 07
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Examples (Net Area, An)

e Example 3:

o T 1er WT10.5 X 61

H A %—in bolts

8

Med AS 119~ DED) 00 ~ (1) Fr4) (0.0

-
-

s ON. A M
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Effect of Staggered Holes

e For a bolted tension member, the connecting bolts can
be staggered for several reasons:

1. To get more capacity by increasing the effective net
area.

2. To achieve a smaller connection length.
3. To fit the geometry of the tension connection itself.

_—“
(I o [+]
L Dr. Hasan Katkhuda
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Effect of Staggered Holes

Cochrane (1922) proposed a reduced diameter to account for
the effects of staggered holes:

d'=d-—
4g
d : is the hole diameter.

s : pitch (spacing center to center in the direction of
the load)

g : transverse spacing (center to center) Dr.Hasan Katkhuda

Steel Design

Effect of Staggered Holes

’
w, =w, - 2d

=w, —E[d;—;{]

s
=w, - 2d+ Z:;

e W, : net width.
* W, : gross width.
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Examples (Staggered Holes)

e Example 1:

2 inch thick plate
dg = 34 inch

Path ABCD :
An = [11 — (2)(7/8)] (1/2) = 4.625 in2
Path ABCEF: An = [11 - (3)(7/8) + (3)/(4)(3)1(1/2)

Path ABEF.: An = [11-(2)(7/8)+(3)2/(4)(6)](1/DZ)

= 4.56 in? (controls)

= 4 81275 in?

r. Hasan Katkhuda
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Examples (Staggered Holes)

e Example 2:

1.4 in

2in

(77

0.650 in

0.400 in

C15 X 33.9

]

e C15X 33.9, d; = 3 inch

I 1401 B
N 3+2-0.40
N =4.60 in
pc —t
/
/; 9in
/
fofey —F
AN 4.60 in
N\ . Y
QE 1.400n |
‘ 3in | F
0.650 in
(b) (<)
Dr. Hasan Katkhuda
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Examples (Staggered Holes)

e Example 2:

e Path ABCDEF:
An = 10 — (2)(7/8)(0.65) — (2)(7/8)(0.4) +
(3)2/(4)(9) (0.4) + (2) [(3)%/(4)(4.6)]
((0.65+0.4)/2)

= 8.778 in?
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Examples (Staggered Holes)

e Example 3:
L7x4x5/8  1in2in ?

e dz = 7/8 inch T
ﬁ'r o o o
i @] @]
T L

Required:

Min S that only 2 holes need be subtracted in
determining net area.

Dr. Hasan Katkhuda
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Examples (Staggered Holes)

e Example 3:

TR v suren - "]

Nat width ABCDE o 2
= |037% -'(.::3{%“"“ +ei)<q.a7s‘3 v 3

= 775 + 0.(405 2=

Dr. Hasan Katkhuda
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Examples (Staggered Holes)

e Example 3:

Net wid#h with 2 holes owt
210,375 —-@-[% +§)= 8625 w.

Eq ua+fv\3
7,75 + Oljoss = Be25

4= 2,50,

-~ Ao

Dr. Hasan Katkhuda
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Effective Area

For bolted Connections:

A, =AU

For welded Connections:

A, =AU

An : Net area
Ag : Gross area

Dr. Hasan Katkhuda
Steel Design

Effective Area

e Shear Lag:

e Occurs when some elements of the cross section are
not connected.

e The connected element becomes over loaded and the
unconnected part is not fully stressed, i.e. the tensile
force is not uniformly distributed over the net area.

Dr. Hasan Katkhuda
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Effective Area

e To account for the non-uniformity, the AISC
specifications provide the effective area.

e Shear lag factors for connections to tension members
are provided in AISC specifications in Table D3.1.

e This table is also available in the text book as table
3.2 page 75.

Dr. Hasan Katkhuda
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U Factor for Bolted Connections

e Case 1:

All tension members where the tension load is
transmitted directly to each of the cross-sectional
elements by fasteners (bolts) or welds.

U=1.0

Dr. Hasan Katkhuda
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U Factor for Bolted Connections

o Case 2:

All tension members, except plates and HSS, where
the tension load is transmitted to some but not all of the
cross sectional elements by fasteners (bolts):

U=1-=>
¢

e Where:

distance from centroid of connected area to the plane of the connection

I=
£ = length of the connection

Dr. Hasan Katkhuda
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U Factor for Bolted Connections

Dr. Hasan Katkhuda
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U Factor for Bolted Connections

e L: length of the line with the maximum number of
bolts.

e Also, in staggered L: is the out to out dimension
between the extreme bolts in a line.

l—F f —
Gusset plate
—

T

O 0 O s O O O
—Tension O O O O O
member

Section

Dr. Hasan Katkhuda
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U Factor for Bolted Connections

o Case 7:
W, M, S or HP shapes or Tees cut from these shapes.

A. With flange connected with 3 or more fasteners per
line in direction of loading:

.. U=090
... U=0385

r=2 3¢
by<2 3¢

B. With web connected with 4 or more fasteners per
line in direction of loading:

U=0.70

Dr. Hasan Katkhuda
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U Factor for Bolted Connections

o Case 8:
Single angles:

A. With 4 or more fasteners per line in direction of
loading:
U=0.80

B. With 2 or 3 fasteners per line in direction of loading:

U=0.60

Dr. Hasan Katkhuda
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U Factor for Bolted Connections

e Summary:

e Use case 2 or 7 and 8.

e Larger value of above is used.

Dr. Hasan Katkhuda
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©coo0o

— (el e e lNe]

& —

WT5 % 22.5

by 2
v =0.794 > % (for parent shape)

o O O ©
d B e
o O 0O 0o
W shape
U=070

=090 Dr. Hasan Katkhuda
Steel Design
U Factor for Bolted Connections
e Case 5 and 6:
Round HSS with a single concentric gus- /= 13D ... U =10 b
set plate D=[<13D...U=1-¥l a
xX=D/m
Rectangular HSS | with a single con- [=H.. . U=1-uxl H
centric gussel plate 5 .
c— B 2Bl — .
e =i
with two side gusset I=H...U=1-l PN
plates N
e []] =
T ABTH) =

Dr. Hasan Katkhuda

Steel Design
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Example (U Factor for Bolted Connections)

e Example 1:

L6 X6 X% - | 167"
o0 o 5 %'
Ve
oo o /
[ }
L
3rla %-in. bolts Section

e Required:
e Determine the effective net area.

Dr. Hasan Katkhuda
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Example (U Factor for Bolted Connections)

’111 = Aq - Ai‘inh‘\
(5 1 5
=571 - =|=+=K2) = 502in."
2 (8 8] ‘
X=1.67in.

The length of the connection is

f=3+3=6iIn.
% 1.67
v=1-%|=1-1 280 207217
o ()
A, = AU =5020.7217) = 3.623 in.
o Case 8: A, -a,u=5020.60)=3012in2

Control : 3.623 in2

Dr. Hasan Katkhuda
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Example (U Factor for Bolted Connections)

e Example 2:

W10 x 45 with two lines of 34 inch diameter bolts in
each flange using A572 Grade 50. There are assumed to
be at least three bolts in each line 4 inch on center, and
the bolts are not staggered.

e Required:
e Determine the Tensile Design Strength.

Dr. Hasan Katkhuda
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Example (U Factor for Bolted Connections)

1. Yielding:
¢, Pn = ¢, Fy Ag
= (0.9) (50) (13.3) = 598.5 k
2. Fracture:

®; Pn = ¢, Fu Ae
e An= 13.3-(4)(3/4 + 1/8)(0.62) = 11.13in?

e One half of W10x45 is WT 5 x 22.5:

e Xx=0.907, U=1-(0.907/8) = 0.89

e Case 7, U = 0.90 (Control)

e @, Pn = (0.75)(65)(0.9)(11.13) = 488.5 K .. ceuer catinues

Steel Design
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U Factor for Welded Connections

o Case 1:

All tension members where the tension load is
transmitted directly to each of the cross-sectional
elements by fasteners (bolts) or welds.

U=1.0

Dr. Hasan Katkhuda
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U Factor for Welded Connections

o Case 2:

All tension members, except plates and HSS, where
the tension load is transmitted to some but not all of the
cross sectional elements by longitudinal welds:

U=1-=
/

e Where:

¥ = distance from centroid of connected area to the plane of the connection
¢ = length of the connection

Dr. Hasan Katkhuda
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U Factor for Welded Connections

Transverse

Dr. Hasan Katkhuda
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U Factor for Welded Connections

e Case 3:

All tension members where the tension load is

transmitted by transverse welds to some but not all of

the cross-sectional elements.

U=1.0

Dr. Hasan Katkhuda
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U Factor for Welded Connections

o Case 4:

Plates where the tension load is transmitted by
longitudinal welds only:

[1=2w...U=1.0

2w > 1= 15w ... U =087 '=E‘ >
IL.Sw>l=w...U=0.75 0
> ] =

Dr. Hasan Katkhuda
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Example (U Factor for Welded Connections)

e Example :

PL1 x 10in

PL1 X 6in
P, w=6in P,

Longitudinal fillet welds

‘L—sm
” .

e Fy = 50 Ksi, Fu = 65 Ksi

e Required:
e Tensile Design Strength of the member.

Dr. Hasan Katkhuda
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Example (U Factor for Welded Connections)

1. Yielding:
¢, Pn = ¢ Fy Ag
= (0.9) (50) (1)(6) = 270 k
2. Fracture:
®; Pn = @, Fu Ae
Ae = U Ag

1.5w =15x6=9in>L=8in>w=56Iin
U=0.75(Case 4)
Ae = (0.75)(6) = 4.5 in?

@, Pn =(0.75)(65)(4.5) = 219.4 k (control) ot o

Block Shear

e For some connection configurations, the tension
member can fail due to ‘tear-out’ of material at the
connected end. This is called block shear.

—_— ‘
Shezu‘
b
¢

Dr. Hasan Katkhuda
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Block Shear

. Shear plane

- W/;ﬁ Tension plane P_>

(a) Bolted angle

These cross-hatched

parts may tear out. Shear plane
%//‘%"'-—'lbnsinu plane
-
Wﬂ»/lbnsinn plane

This cross-hatched =~ Shear plane

part may tear out. N ) .
(b) Bolted flange of W section

St I _- This cross-hatched
Shear plane _—
-~ Sheary ‘lm',,/ part may tear out

Tension plane _— around weld lines.
-

Shear plane
Dr. Hasan Katkhuda

(¢) Welded plates Steel Design

Block Shear

e The failure of a member may occur along a path
involving Tension on one plane and shear on a
perpendicular plane.

e When a tensile load applied to a connection is
increased, the fracture strength of the weaker plane
will be approached.

e That plane will not fail then, because it is restrained
by the stronger plane.

e The load can be increased until the fracture strength
of the stronger plane is reached.

Dr. Hasan Katkhuda
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Block Shear

e During this time, the weaker plane is yielding.

¢ The total strength of the connection equals the
fracture strength of the stronger plane plus the yield
strength of the weaker plane.

¢ Block shear can be thought of as being a tearing or
rupture failure and not a yielding failure at bolt holes.

Dr. Hasan Katkhuda
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Block Shear

+ P, Large shear >
. S~ area -
[ N -—
S -
P, -8
0 \
f
Small tensile area =

(a) (b)
Shear fracture and tension yielding Free body of *block™ that tends to
shear out in angle of part (a)

e The member shown above has a larger shear area
and a small tensile area.

e The primary resistance to block shear failure is
shearing and not tensile.

e The LRFD specifications assume shear fracture occurs
on this large shear resisting area, the small tensile

area has Yielded . Dr. Hasan Katkhuda
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Block Shear

_—Shear
stresses

Tensile
stresses

)
IH

—Shear
stresses

(c)

Tensile fracture and shear yielding

e The member shown above has a larger tensile area
and a small shearing area.

e The block shear failure will be tensile and not
shearing.

Dr. Hasan Katkhuda
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Block Shear

R,=0.6FA, +U,FA,<06FA, +U,FA,

0.6F, = shear yield stress
A,, = gross area along the shear surface or surfaces

A,, = net area along the shear surface or surfaces
A,, = nel area along the tension surface

nr

where U,, = 1.0 when the tension stress is uniform (angles, gusset plates, and most
coped beams) and U}, = 0.5 when the tension stress is nonuniform. ‘

For LRFD, the resistance factor ¢ is 0.75,

e The purpose of the reduction factor (U,,) is to account
for the fact that stress distribution may not be uniform
on the tensile plane for some connections.

Dr. Hasan Katkhuda
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Example (Block Shear)

e Example :

1.3% X 3% X %, A36

Ao o o |

)
| I 31; 3 I

| g | | 7-1n. bolts

ll/z ”

¢ Required:
e Compute the block shear, A36.

Dr. Hasan Katkhuda
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Examples (Block Shear)

The shear areas are

Ay =2

A'_§

(7.5)=2.813in’
and, since there are 2.5 hole diameters,

A= 7.5—2.5[3+1) —1.875 in?
8 8 8

The nominal block shear strength is therefore 82.51 kips.

The tension area is The design strength for LRFD is ¢R, = 0.75(82.51) = 61.9 kips.
7 .,
A, =21.5- o.s(— + l) =0.3750 in.”
8 8 8

Rn = O'GFMAH\' + Uh‘FuAm
= 0.6(58)(1.875) + 1.0(58)(0.3750) = 87.00 kips

with an upper limit of

0.6FA,, + U, F,A, =0.6(36)(2.813) + L.0(58)(0.3750) = 82.5  kips -

Steel Design
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Design of Tension Members

e Design Procedure:
1. Yielding:

090F,A, =P, or A, zi,
> 0.90F,
2. Fracture:
P
0.75F,A, 2P, or A, z2-—*
0.75F,

3. Slenderness ratio:
e r: radius of gyration P N
gy > 0

Dr. Hasan Katkhuda
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Examples (Design of Tension Members)

e Example 1:

A tension member with a length of 5 feet 9 inches must resist a service dead load of
18 kips and a service live load of 52 kips. Select a member with a rectangular cross sec-
tion. Use A36 steel and assume a connection with one line of 7s-inch-diameter bolts.

P, =12D+1.6L=1.2(18)+1.6(52) = 104.8 kips
P P, 104.8

Required A, = ﬁ = 0907, ~ 09006 3.235in’
Required A, = % = 0'_:2}__“ = 0.17‘05‘:-588] =2.409 in.
Tryr=1in.

Required w, = M E g =3.235in.

Try a 1 x 3% cross section.
A=A =A Ay,
7

=(Ix3.5)~
(Ix )(s g

+ 1)(1) =25in2>2409in7  (OK)

Dr. Hasan Katkhuda
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Examples (Design of Tension Members)

e Example 1:

Check the slenderness ratio:

_35M)° _ 62917 in*

A=1(3.5)=3.5in

From [/ = Ar* we obtain

. 2 .
- ’IL - fw =0.2887 in.2
A 35

75012
Maximum L = 2.1542) =239<300 (OK)
r 0.2887

UseaPL 1 x3%

Dr. Hasan Katkhuda
Steel Design

Examples (Design of Tension Members)

e Example 2:

e Select an unequal-leg angle tension member 15 feet
long to resist a service dead load of 35 kips and a
service live load of 70 kips. Use A36 steel.

//T'_dialmetcr bolts

Dr. Hasan Katkhuda
Steel Design
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Examples (Design of Tension

Members)

P =1.2D +1.6L =1.2(35)+1.6(70) = 154 kips

P 154 ;
Required A, = — = =475in>
A = 9F = 0.90036) "

Required A, = P = 154
6F  0.75(58)

=3.54in?
The radius of gyration should be at least
L 15(12)

—= — =0.6in.
300 300

Try L6 x 4 x YA,

3 ,
A=Ay = Ay =475~ 2(1 + %](%): 3.875in.

A, =A,U=3.875(0.80) = 3.10 in.? < 3.54 in.? (N.G

¥

Dr. Hasan Katkhuda
Steel Design

Examples (Design of Tension

Members)

s 51
I
1

Usual Gages for Angles (inches)

leg 8 7 6 5 4 34 3 2% 2

1% 1% 1% 14 1

g 44 4 35 3 2% 2 1% 1% 1A
g 3 2% 2% 2

I I

Dr. Hasan Katkhuda
Steel Design
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Examples (Design of Tension Members)

Try the next larger shape from the dimensions and properties tables.
Try L5 x 3%2 x % (A, =4.92 in.” and ry;, = 0.746 in.)

Ay = Ay — Ay, =492 2(% - %)[g) =3.826 in.’

A, =AU=3826(0.80)=3.06in" <3.54in°  (N.G.)

Try L8 x4 x Y2 (A,=5.75 in.? and r,,;, = 0.863 in.)

An = A'\‘ o Ahm‘ry - 5-75— 2 3 + ! l = 4.875 il‘l.z
‘ 4 8 )2

A =AU=48750.80)=390in"<3.54in>  (OK)

This shape satisfies all requirements, so use an L8 x4 x 14,

Dr. Hasan Katkhuda
Steel Design

Tables for the Design of Tension Members

Table 5-1 -
:, =50ksi  Available Strength in
| Fum85k Axial Tension A
W Shapes W44-Wa0
Gross Area, A= Yips g .I.u
Shape 4 0754, , -
Pl 0Py P/ 0Py
in* in.' ASD LRFD ASD LRFD
W44x335 98.5 739 2950 4430 2400 3600
=290 854 64.1 2560 3840 2080 3120
x262 76.9 517 2300 3460 1880 2810
x230 67.7 508 2030 3050 1650 2480
Wa0593 174 13 5210 7630 4260 6390
=503 148 m 4430 6660 3610 5410
4318 127 953 3800 5720 3100 4650
=397 nrz B7.8 3500 5270 2850 4280
3T 109 | 8.8 3260 4910 2660 3990
3620 107 803 3200 4820 2610 3910
=324 853 s 2850 4290 2320 3490
=297 87.4 656 2620 3930 2130 3200
=277 814 61.0 2440 3660 1980 270
=249 733 550 2190 3300 1790 2680
=215 634 476 1900 2850 1550 2320 Dr. Hasan Katkhuda
«199 585 439 1750 2630 1430 | 2140 Steel Design
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Tables for the Design of Tension Members

e The AISC manual tabulates the tension design
strength of standard steel sections. (Table 5)

¢ Include: wide flange shapes, angles, tee sections, and
double angle sections.

e The gross yielding design strength and the net
section fracture strength of each section is
tabulated.

e This provides a great starting point for selecting a
section.

Dr. Hasan Katkhuda
Steel Design

Tables for the Design of Tension Members

e There is one serious limitation

e The net section fracture strength is tabulated for
an assumed value of U = 0.75, obviously because
the precise connection details are not known.

e For all W, Tee, angle and double-angle sections,
Ae is assumed to be = 0.75 Ag

e The engineer can first select the tension member
based on the tabulated gross yielding and net
section fracture strengths, and then check the net
section fracture strength and the block shear

strength using the actual connection detailor. s ket

Steel Design
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Example (Tables for the Design of
Tension Members)

e Example :

¢ Select an unequal-leg angle tension member 15 feet
long to resist a service dead load of 35 kips and a
service live load of 70 kips. Use A36 steel.

©o 0o o o D =35
— )
o 0 o © L=70¢*

%-in.-diameter bolts

Dr. Hasan Katkhuda
Steel Design

Example (Tables for the Design of
Tension Members)

P =154 kips
T 2 0.600 in.

we find that an L6 x 4 x ', with ¢,P,, = 154 kips based on the gross section
and ¢,P, = 155 kips based on the net section, is a possibility. From the dimensions and
properties tables in Part 1 of the Manual, r,;, = 0.980 in. To check this selection, we
must compute the actual net area, If we assume that U = 0.80,

A

n

3 1 1 L,
=A, - Ahuz.:' =4-75-2(Z+§][;) =3.875in.”

A, = AU = 3.875(0.80) = 3.10 in.?
GP, =F,A, =0.75(58)3.10) = 135 kips < 154 kips ~ (N.G.)

219 _0.6526
4.75

Dr. Hasan Katkhuda
Steel Design
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Example (Tables for the Design of
Tension Members)

This corresponds to a required ¢, P, (based on rupture) of

0.75 0.75
X P, =
actual ratio 0.6526

(154) =177 kips

Try an L8 x 4 x ', with ¢,P, = 186 kips (based on yielding) and ¢,P, = 187 (based
on rupture strength). From the dimensions and properties tables in Part 1 of the
Manual, ry, = 0.863 in. The actual effective net area and rupture strength are com-
puted as follows:

3 1)1 2
A=A-A, =575=-2| ~+=1| - |=4.875in.°
n £ holes (4 8)(2] 5m
A, =AU = 4.875(0.80) = 3.90 in.?

@P, = §,F,A =0.75(58)3.90)=170 > 154 kips  (OK)

Use an L8 x 4 x ', connected through the 8-inch leg.

Dr. Hasan Katkhuda
Steel Design

Threaded Rods and Cables

Anchor
socket

Steel plate
or washer

Structural

Open socket connection member

Cable

Rod

Weld -
- Rod : m
Weld @

Dr. Hasan Katkhuda
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Threaded Rods

P,=AF,=0.75A,F,

where
A, = stress area
A, = nominal (unthreaded) area

P, <P, or P,<0.75(0.75A,F,)
and the required area is

F.

Ay=—t
0.75(0.75F,)

Dr. Hasan Katkhuda
Steel Design

Example (Threaded Rods)

e Example:

A threaded rod is to be used as a bracing member that must resist a service tensile load
of 2 kips dead load and 6 kips live load. What size rod is required if A36 steel is used?

The factored load is
P, =1.2(2) + 1.6(6) = 12 kips

From Equation 3.6,

Required Area = A, = by = 12 =0.3678 in.’

equired Area = A = 0 75(0.75F,)  0.75(0.75x58) '
rd”
Froi =—,
rom A, 2
14(0.3678) :
Required d = ﬂ——) =0.684 in.
\ T

Use a Ya-inch-diameter threaded rod (4, = 0.442 in.?). Dr. Hasan Katkhuda
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STEEL DESIGN

Chapter 4:
Analysis and Design of Compression Members

Dr. Hasan Katkhuda
Steel Design

Introduction

e Compression Members (Columns) are Structural
elements that are subjected to axial compressive
forces caused by static forces acting through the
centroidal axis. (Chapter E in the Specifications)

e The stress in the column cross-section can be
calculated as :

f=P/A
e where, 7 is assumed to be uniform over the entire
cross-section.

Dr. Hasan Katkhuda
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Introduction

e Mode of failure for compression members:

1. Flexural (Euler) Buckling:

e Members are subjected to flexure or bending when
they become unstable.

Dr. Hasan Katkhuda
Steel Design

Introduction

2. Local Buckiing:

e This type of buckling occurs when some parts of the
cross-section of a column are so thin that they buckle
locally in compression before the other modes of
buckling can occur.

Dr. Hasan Katkhuda
Steel Design




Introduction

3. Flexure torsional Buckling.

e These columns fail by twisting or by combination of
torsional and flexural buckling.

eTypes | [ [ [ | O

Channel W column  Pipe or round  Square HSS

Single angle Double angle  Tee
Of () (b) © @ (© HSS tubing tubing
— lacing —\ (n (2)
t' . ~ T T T T
sections. Lo
__J S 4= Jd__L
Rectangular HSS  Four angle Box section Box section Box section
tubing box section [6)] (k) [
(h) U]
) r T 1T T T‘F T
L — [ =y i L
Box section W with Built-up  Built-up W and Built-up Built-up
cover PLs channels
(m) (m) (0) (p) (q) (r) (s) Dr. Hasan Katkhuda

Steel Design

Column Theory (Euler Formula)

Dr. Hasan Katkhuda
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Column Theory (Euler Formula)

dy _ __11
dx* El
M=P,y

e Second order, linear, homogeneous differential
equation with constant coefficients.

,Prr
C =4
El

y'+cy=0

Dr. Hasan Katkhuda
Steel Design

Column Theory (Euler Formula)

y=A cos(cx) + B sin(cx)

Atx=0,y=0: 0=A cos(0)+ B sin(0) A=0
Atx=L, y=0: 0=Bsin(cl)

B = 0 (trivial solution) , P =0

cL=0,m2m 3m, ...=nm, n=0,1,2,3,...

P P, ., .., '’ El
L=|.-~ |L=nn, < L=nr and P, = 3
¢ [V EI J " I3

Dr. Hasan Katkhuda
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Column Theory (Euler Formula)

F, F.
X ¥
Y /] _‘—l—
/ I
{ L
f i 3
E Vole
/
3
Il\ / a
\ { L
\
3
'l \l _J~
B E £ 3
n=1 n=2 n=3
p _ TEI p _TEl _mEA’ _ m'Ed
T T Py

Dr. Hasan Katkhuda
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Column Theory (Euler Formula)
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Example

e AW12 X 50 column is used to support an axial
compressive load of 145 kips. The length is 20 feet,
and the ends are pinned. Investigate the stability of

the column.
For a W12 x 50,
Minimum r = r, = 1.96 in.

L 20012
Maximum — = 12

r 1.96
2 2en
n EA _ 7°(29,000)(14.6) ~ 278.9 kips

Ly (122.4)

=1224

Because the applied load of 145 kips is less than P,,, the column remains stable and

has an overall factor of safety against buckling of 278.9/145 = 1.92. -
Dr. Hasan Katkhuda
Steel Design

End Restraint and Effective Lengths

o Effective length (KL). is the distance between points
of inflection (zero moments) in the buckled shape.

T EA n’E A
P h r

= , or r = 5
(KL/r)* ‘ (KL/ry*

o EX.:
k = 0.7 (Fixed — pinned)

/ _ 2.057°El

cr
L I’

—_—————

Dr. Hasan Katkhuda
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End Restraint and Effective Lengths

KL =05L L

7 r_

K =050 K =070
(b) (©)

Dr. Hasan Katkhuda
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End Restraint and Effective Lengths

T\ \
\ \
\ \
\ \
\ \
L | |
| |
| Lateral |
|/ deflection

(a)

Column is in this position
after sidesway and joint
rotation

~«— Lateral

deflection

|
[
!
‘ L
|

|

(b)

Dr. Hasan Katkhuda
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End Restraint and Effective Lengths

TABLE 5.1 Approximate Values of Effective Length Factor, K
(a) (b) (c) (d)
Buckled shape of column
is shown by dashed line l, ¥ *
i P

Theoretical K value 0.5 0.7 1.0 1.0 20 2.0

Recommended design
value when ideal 0.65 0.80 1.2 1.0 2.10 2.0

conditions are
approximated

b Rotation fixed and translation fixed
< Rotation free and translation fixed
End condition code e Rotation fixved and translation free
? Rotation free and translation free

Dr. Hasan Katkhuda
Steel Design

Columns Formulas

e The testing of columns with various slenderness ratios

results in scattered range of values.

“ at failure —>

P
A

Test result curve

Dr. Hasan Katkhuda
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Columns Formulas

Column Types:
. Short columns:

No Buckling.

—

2. Intermediate columns:

will not.

Failure stress equal to yield stress.

Some of the fibers will reach yielding stress and some

e Column will fail both by yielding and buckling

(Inelastic).
e Most columns in this range.

Dr. Hasan Katkhuda
Steel Design

Columns Formulas

2. Intermediate columns:

[l

: Tangent modulus

Dr. Hasan Katkhuda
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Columns Formulas

3. Long columns:
e Buckling will occur.
e Euler formula predicts the strength.

¢ Axial buckling stress below the proportional limit, i.e.
Elastic.

Dr. Hasan Katkhuda

Steel Design
Columns Formulas
E,
\,\
F == F,=(0658"/FF,
Curves are
approximately tangent
/ F‘ ;= 0877 F,
7 KL/r
an [E
N
Dr. Hasan Katkhuda
Steel Design
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Columns Formulas (AISC Requirements)

P,=F_,A,

e P, : Nominal Compressive strength.
e F.: Flexural Buckling Stress.
* A, : Area Gross.

P, s ¢.P,

where
P, = sum of the factored loads

¢, = resistance factor for compression = 0.90
¢ P, = design compressive strength

Dr. Hasan Katkhuda
Steel Design

Columns Formulas (AISC Requirements)

e F_ is determined as follows :

KL [E
(a) When — < 4.71 | — (or F, > 0.44F,) .
r \ £, ‘ Inelastic
J s Buckling
F., = {()‘658"« ] F,
(b) When <&~ 471 | }L (or F, < 0.44F,)
r [ F, .
. ) Elastic
Fer = 0.877F, Buckling

(ﬁ) F. : Elastic (Euler) Buckling Stress

Steel Design




Examples

e Example 1:

e AW 14 x 74 of A992 steel has a length of 20 feet and
pinned ends. Compute the design compressive
strength.

(KL/r), = (1.0)(20)(12) / (6.04) = 39.73

Maximum &5 = Kb _1020X12) _ o697 500 (0K)

r r, 2.48
= . P30 00

4.71 ;'£ =471 ."29’000 =113
\F, V50

Dr. Hasan Katkhuda
Steel Design
Examples

Since 96.77 < 113, use AISC Equation E3-2.

_ mE _ 7°(29,000)
©O(KL/P? (96.77)

F, =0658""F, = 0.658"/*%(50) = 25.21 ksi

=30.56 ksi

The nominal strength is
P,=F,A,=2521(21.8) = 549.6 kips
The design strength is

o.P, =0.90(549.6) = 495 kips

Dr. Hasan Katkhuda
Steel Design
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Examples

e Solution by Table 4-22:

Table 4-22
Available Critical Stress for
Compression Members

F, = 35ksi F, = 36ksi F,= 42ksi F, = 46ksi F-SOksi |

KI FﬂJnt otFﬂ x‘ Fﬂjnc oCFG'__ x’ Fﬂ"‘lf o‘Fﬂ' K’ F n‘l OCFG x, FJ“C oCFﬂ |
r ksi ksi r ksi ksi 'F ksi ksi 7 ksi | ksi " ksi ksi

ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD ASD | LRFD |
1210 [315 | 1 | 216 | 324 | 1 | 251 |378 | 1 | 275 | 414 | 1 | 299 | 450
2 | 210 [315 | 2 | 216 [324 | 2 | 251 [ar8 | 2 | 275 | 414 | 2 | 299 | 450
3|29 | 315 3 | 215 | 324 3 | 251 | 378 312715 | 414 3 | 299 | 450
4209|315 | 4| 215 |324 |4 |250 |378 | 4 |275 | 414 | 4 | 209 | 440
5209|315 |5 | 215 324 |5 |251 |377 | 5 | 275 [413 | 5 | 209 | 440
6 | 209 | 31.4 6 | 215 | 323 6 | 251 | 377 6 | 275 | 41.3 6 | 209 | 449
7 209 | 314 71215 | 323 7 | 251 37.7 71215 | 413 7 | 298 | 448
8 | 209 | 314 8 | 215 | 323 8 | 251 | 377 8 | 274 | 412 8 | 208 | 448
q M0na 214 q 218 3213 Q 265N 7R Q 274 412 a 208 447

Dr. Hasan Katkhuda
Steel Design

e Solution by Table 4-22:

e (KL/r)y =96.77, Fy =50 ksi

¢ Interpolation:
¢pc Fcr = 22.6 + (22.9 - 22.6 / 1.0) (0.23)
= 22.669

¢c Pn = (22.669)(21.8) = 494.18 kips

Dr. Hasan Katkhuda
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Examples

e Solution by Table 4-1:

Table 4-1 (continued) -
F =50 kei Available Strength in
= Sl . - .
y Axial Compression, kips
—
W Shapes Wi
Shape -W14><
Wr/ft 145 132 120 109 99 90
DeilM pn"ur ¢EPFI P"IQ: GCE’I PIII‘IC 6;" Pﬂ"‘lt ¢CPH Pnlnc otpﬂ Pﬂ"f'!c %Pn
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
0 1280 | 1920 | 1160 | 1740 | 1060 | 1590 | 959 | 1440 | 872 | 1310 | 782 | 1190
6 1250 | 1870 | 1130 | 1700 [ 1030 | 1550 | 934 | 1400 | 849 | 1280 | 771 | 1160
= 7 | 1240 | 1860 | 1120 | 1680 | 1020 | 1530 | 924 | 1390 | 840 | 1260 | 763 | 1150
8 1220 | 1840 | 1110 | 1660 | 1010 | 1510 | 914 | 1370 | 831 | 1250 | 754 | 1130
9 1210 | 1820 | 1090 | 1640 | 995 | 1500 | 902 | 1360 | 820 | 1230 | 745 | 1120
=) 10 1200 | 1800 | 1080 | 1620 | 981 | 1470 | 889 | 1340 | 808 | 1210 | 734 | 1100
s 1 1180 | 1770 | 1060 | 1590 | 965 | 1450 | 875 | 1320 | 795 | 1200 | 722 | 1080
| 8 12 1160 | 1740 | 1040 | 1570 | 949 | 1430 | 860 | 1290 | 781 | 1170 | 709 | 1070
E 13 1140 | 1720 | 1020 | 1540 | 931 | 1400 | 844 | 1270 | 767 | 1150 | 696 | 1050
§ 14 1120 | 1690 | 1000 | 1510 | 912 | 1370 | 827 | 1240 | 751 | 1130 | 682 | 1020 Dr. Hasan Katkhuda
15 1100 | 1650 | 882 | 1480 | 893 | 1340 | 808 | 1220 | 734 | 1100 | 667 | 1000 Steel Design

Examples

e Solution by Table 4-1:

e KL =(1)(20) = 20 ft
e Fy = 50 ksi
e (pc Pn = 494 kips

Dr. Hasan Katkhuda
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Examples

e Example 2:
e Fy = 50 ksi, Length of column = 23.75 ft, fixed-
pinned. Determine the compressive design strength.

PL % 20
[ ¥
y
[ I I T

MCI8 X 427 18.50 in

X

(A =126in%d = 18.00 in,
I, = 554 in*, 1,=143 in?,
X = 0.877 in from back of C)

12in

Dr. Hasan Katkhuda
Steel Design

Examples

e y (from top) = [(20)(0.5)(0.25) + (2)(12.6)(9.5)]/
[(20)(0.5)+(2)(12.6)]
= 6.87 in

e Ix = (2)(554) + (2)(12.6)(9.5 - 6.87)2 +
[(20)(0.5)3/12] + (20)(0.5)(6.87-0.25)2
= 1721 in*

o Iy = (2)(14.3) + (2)(12.6)(6+0.877)2 + [(0.5)(20)3 /
12] = 1554 in*

Dr. Hasan Katkhuda
Steel Design
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Examples

Dr. Hasan Katkhuda
Steel Design

More on Effective Length

(a) Minor Axis Buckling

be used in ¢c Fcr

J— T
i
13 I / 13
| ]
! \l .
A, 1 1 %3@ _—
| \
\
13" ‘| ] i3
| /
LAl L e
KL =13 KL = 26

(b) Major Axis Buckling

e Largest (KL/r) indicate the weakest direction and will

Dr. Hasan Katkhuda

Steel Design
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Example

W14 x 90
Fy = 50 ksi.
No bracing on (x-x)

Required:
Design strength

Bracing on (y-y) as shown.

General support
Lxy direction

W14 x 90

<

A
77

Mt

N
N

é.P),

Dr. Hasan Katkhuda
Steel Design

Example

Dr. Hasan Katkhuda
Steel Design
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Example

Using Table 4-1:

KxLx = (0.8)(32) = 25.6 ft
KyLy = (1.0)(10) = 10 ft

[ ]
=.
(@]
>
o
]
()
0
o
>
=y
=
Q
n

KxLx/ rx = Equivalent KyLy/ry
Equivalent KyLy = KxLx / (rx/ry)
Control largest of KyLy AND KxLx/ (rx/ry)

Dr. Hasan Katkhuda
Steel Design

Example

Using Table 4-1:

Equivalent KyLy = KxLx / (rx/ry)

= (0.8)(32)/ 1.66 =15.42 > KyLy =10 ft

15.42 control

Table: Interpolation
1000 15ft

978 16 ft

¢c Pn = 993 kips

Dr. Hasan Katkhuda
Steel Design
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Local Buckling

e The AISC specifications for column strength assume
that column buckling is the governing limit state.
However, if the column section is made of thin
(slender) plate elements, then failure can occur due to
local buckling of the flanges or the webs.

e If local buckling of the individual plate elements
occurs, then the column may not be able to develop
its buckling strength.

e Therefore, the local buckling limit state must be
prevented from controlling the column strength.

Steel Design

Dr. Hasan Katkhuda

Local Buckling

e Local buckling depends on the slenderness (width-to-
thickness b/t ratio) of the plate element and the yield
stress (Fy) of the material.

e Each plate element must be stocky enough, i.e., have
a b/t ratio that prevents local buckling from governing
the column strength.

e Two Categories:
1. Stiffened elements: supported along both edges.
2. Unstiffened elements: unsupported along one edge

parallel to the direction of the load.

Dr. Hasan Katkhuda
Steel Design
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Limiting Width-

ngle-symmetric

TABLE 5.2 ‘ompression
Width- Li
H Thick-
< Description of ness Ap A )
Element Ratio (compact) (noncompacty Example
1| Flexurein flangesof | bir 1LOVE
rolled I-shaped
sections and
nels
2 | Flexurein flangesof | bir 038 VETE,
doubly and sin
symmetric d
built-up sections
Uniform bit NA b
compressioni |
flanges of rolled mﬁz'
£
g
2
]
]
H s 2
-]
=]
4| Uniform bit NA i) b
e OV, =7
fla 7
i
legs projecting from
built-up
ezzZrrza
5 bit NA 045 VEIF, ’-— h«-I
ssion in legs
of single angles, 1
legs of double
angles with
separators, an
other unsiiffened
clements
6| Flesurcinlegsof | bt 0.91 VETF,
single angles
! Dr. Hasan Katkhuda
Steel Design
Limiting Widih-Thickness Ratios for
TABLE 5.2 (cont.) Compression Elements
i) Limiting Width-
§ - Thickness Ratios
© | Description of ness Ay A
Element Ratio (compact) (noncompact) Example
7 | Flexure in flanges of | bir 038 VETF, 1OVED bl
lees
r
8 | Uniform it NA 075 VEIF, T
compression in ' d
stems of tees
9 | Flexureinwebsof | hir, 376 VETF, ST0VETF, Gz rrra
doubly symmetric
Ishaped sections b et
and channels
v
C 2
10| Uniform hit, NA 149 VETF,
compression in
. webs of doubl /s
' symmetric I-shaped
§| | sections
% 11| Flexure inwebsof | A /1,
E
H

Ishaped sections

=

Uniform
compression in
flanges of
rectang
stru
sections of uniform
thickness subject to
bending o
compression; flange
cover plat ind
diaphragm plates

box and

fasterners or welds

Flexure in webs of
ar HSS

it

Dr. Hasan Katkhuda
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Limiting Width-Thickness Ratios for
TABLE 5.2 (cont.) Compression Elements
| : Limiting Width—
. Width- N Sjiumrail
;,;. Thick- Thickness Ratios
< Description of ness }tp A,
El Ratio (compact) (noncompact)
14| Uniform blt NA 1.49VEIF,
compression in all
other stiffened
clements
15| Circular hollow
sections ‘o,‘
In uniform Dit NA 0.1 lEfi'; ‘ 5
compression 5,
In flexure Dit 0.07E/F, 0.31E/F,
4 P N .
al k.= , but shall not be taken less than (.35 nor greater than (.76 for calculation purposes.(See
[a] m 8 purp (
Cases 2 and 4.)
[b] Fy, = 0.7F, for minor-axis bending, major-axis bending of slender-web built-up I-shaped members, and
major-axis bending of compact and noncompact web built-up I-shaped members with §,,/§,. = 0.7;
F; = F,8,,/5,. = 0.5F, for major-axis bending of compact and noncompact web built-up I-shaped
members with S,,/S,, < 0.7. (See Case 2.)

Dr. Hasan Katkhuda
Steel Design

Local Buckling

reaching Fy.

o If the slenderness ratio (b/t) of the plate element is
greater than Ar then it is slender. It will locally buckle
in the elastic range before reaching Fy.

o If the slenderness ratio (b/t) of the plate element is
less than Ar but greater than Ap, then it is non-
compact. It will locally buckle immediately after

o If the slenderness ratio (b/t) of the plate element is
less than Ap, then the element is compact. It will
locally buckle much after reaching Fy.

Dr. Hasan Katkhuda
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Local Buckling

Compact

| 4

Non-Compact

= Slender

Axial Force, F

434

F

EEIE)
hT"I

Axial shortening, A

Dr. Hasan Katkhuda
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Local Buckling

o If all the plate elements of a cross-section are
compact, then the section is compact.

o If any one plate element is non-compact, then the

cross-section is non-compact.

o If any one plate element is slender, then the cross-

section is slender.

e For W shape: A = bf/2 / tf (unstiffened)
A = h/tw (stiffened)

Dr. Hasan Katkhuda
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_L }""’*l ,""”'| kR
T

—r 1 T

I /]

Y <056V, b4 < 0.56V Fr,

Y < 149V E,

iy e
T

b £0.56Y B, b < 0.45VF,

——
T k3
_}h_* [« !

9 < 140N ¥,

% < 140V,
b < 1.40N e,

!
e

% <015V,

A,
T r
h
A

b < 0.56 7,
W, < 1A,

-

-O

2 <0.11 &,

Dr. Hasan Katkhuda
Steel Design

Example

50ksi.

by 0
2 20785

2
0.56 £ =0.56 ﬂ)gg =13.5
\/F\ V5o

Local instability is not a problem.

e Investigate the local buckling for W14 x 74, Fy =

Fora W14x74, by=10.1 in., {=0.785 in., and

>6.43 (OK)

Dr. Hasan Katkhuda
Steel Design
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Local Buckling

e The section that has local buckling, the strength of the

section should be reduced.

« If the width-thickness ratio A is greater than A,, use the provisions of AISC E7
and compute a reduction factor Q.

« Compute KL/r and F, as usual.

e flcan | E o Ezo0440F,
r QF,

OF,
F,= 0[0-653 5 }fl (AISC Equation E7-2)
e Koy LB o E<0440F,
r \ OF,
F,.=0.877F, (AISC Equation E7-3)
» The nominal strength is P, = F A, (AISC Equation E7-1) P ’;:::I“D'::i'::“"a

Local Buckling

Q=QsXQa

Qs : for unstiffened elements
Qa : for stiffened elements

If the shape has no slender unstiffened elements; Qs
= 1.0.

If the shape has no slender stiffened elements, Qa =
1.0.

Most of the shapes used are not slender, and the
reduction factor will not be needed. This includes most

W'Sh a pes . Dr. Hasan Katkhuda

Steel Design
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Local Buckling

o Slender unstiffened elements (Qs):

A. For flanges, angles, and plates projecting from rolled
columns or compression members:

(i) When 2 < 0.56_| £
t \* Fy
0, =10

(i) When 0.56,/E/F, < b/t < 1.03,/E/F,

b F,
), =1415=074| =),/ —
¢ (:)\' E

(ii)) When b/t = 1.03,/E/F,

=
I Dr. Hasan Katkhuda

Steel Design

Local Buckling

B. For flanges, angles, and plates projecting from built
up columns or compression members:

I [Ek,
(i) When = < ()‘64\: EF—k 4
t | F, — ,
v h /{h
0, =10
e e 0.35<kc<0.76
(i) When 0.64 [— < b/t < 1.17 |—
VB | F,
5. — 1.415—065(2) |-
Qr = 1.413=0.65( 7 \ Ek,
|Ek,
(iii) When b/t > 1.17 :i
V6
.~ 0.90Ek.
! b 2
F\' (_) Dr. Hasan Katkhuda
! Steel Design
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Local Buckling

C. For single angles:

;
(i) When — < 0.45 |
: V7,

0, =10
'F_\

(ii) When 0.45,/E/F, < b/t <091,/E/F,
b
=134=076| =),/ —
0, (2)y%

(i) When b/t = 0.91,/E/F,
0.53E

0 =——
(3)
t

Dr. Hasan Katkhuda
Steel Design

where
b = full width of longest angle leg, in. (mm)

Local Buckling
D- For Stems Of Tees: b = width of unstiffened compression element
— in. (mm)
o Whe d 0.75 | E d = the full nominal depth of tee, in. (mnm)
(1) When T =0 \' F_‘ t = thickness of element, in. (mm)
0, =10
[E [E
|— <dft <103 |—
| Fy

(1) When 0.75 |
VF

0, = 1.908 —1.22 d E
T A\t JVE

(iii) When d/t > 1.03 | —
VF

0 0.69E
s = rY
d -
F,(— . N
t Dr. Hasan Katkhuda
‘ Steel Design




Local Buckling
o Slender stiffened elements (Qa):
_Ag
Q. ==

= total cross-sectional area of member, in.> (mm?)
A = summation of the effective areas of the cross section based on the

A
reduced effective width, b, in.? (mm?)

The reduced effective width, b,, 1s determined as follows:

Dr. Hasan Katkhuda
Steel Design

Local Buckling

:: E
| = except

(a) For uniformly compressed slender elements, with — > 1.49

flanges of square and rectangular sections of uniformn thickness:
— —
b 192 'E 1 034 [E b
e =192t =1 —=——[—| <
VT T @my7

where
f is taken as F,, with F, calculated based on Q = 1.0.

(E7-17)

(b) For flanges of square and rectangular slender-element sections of uniform thick-

¢
ness with = > 1.40 | £.
t \' f
be = 1.92 E 1 038 [E (E7-18)
e =192t [= |1 = —r | = -
V| @Y7
where
j — I) /A ” [ Dr.Hasan Katkhuda
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Local Buckling

User Note: In lieu of calculating f = P,/A,4, which requires iteration, f
may be taken equal to F,. This will result in a slightly conservative estimate
of column capacity.

(c) For axially-loaded circular sections:

When 0.1 li < L < ().45£
F, t F,
0.038E 2
=0, = + = (E7-19
e=0 Fy(Djt) 3 )

where

D = outside diameter, in. (imm)
t = wall thickness, in. (mm)

Dr. Hasan Katkhuda
Steel Design

Torsional and Flexural-Torsional Buckling

e When an axially loaded compression member becomes
unstable, it can buckle in one of three ways:

1. Flexural Buckling (already covered)

|

sr225%101

'.'.'.'.".::::: [—— ] Dr. Hasan Katkhuda
Steel Design
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Torsional and Flexural-Torsional Buckling

2. Torsional Buckling: This type of failure is caused by
twisting about the longitudinal axis of the member.

e Standard hot rolled shapes are not susceptible to
torsional buckling, but members built up from thin
plate elements may be.

Dr. Hasan Katkhuda
Steel Design

Torsional and Flexural-Torsional Buckling

3. Flexural-Torsional Buckling: This type of failure is
caused by combination of flexure and torsional
buckling.

e This type of failure can occur only with unsymmetrical
cross sections and one axis of symmetry.

“':_._ Dr. Hasan Katkhuda
R Steel Design
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Torsional and Flexural-Torsional Buckling

(a) For double-angle and tee-shaped compression members:
Ew*Fur | 4Fu\Fcr'H
F, = (—) 1= [l = —————o (E4-2)
H Vo (Fay+ Faz)

2

P4

KL KL

where F_,, is taken as F,, from Equation E3-2 or E3-3, for flexural buckling
about the y-axis of symmetry and — = —, and
r Ty
(E4-3)

Dr. Hasan Katkhuda
Steel Design

Torsional and Flexural-Torsional Buckling

(b) For all other cases, F;, shall be determined according to Equation E3-2 or E3-3,
using the torsional or flexural-torsional elastic buckling stress, F,, determined

as follows:
(i) For doubly symmnetric members:
(E4-4)

T EC, . 1
T I+ 1,

(K.LPF

(ii) For singly symmetric members where y is the axis of symmetry:
4F, F,.H
eyl ez ] {E4-5)

Fo, +F,, |
F.=(—”;{ ‘*){1— 1= E
2 V  (F,+F.)

:

(111) For unsyminetric members, F, 1s the lowest root of the cubic equation:
Xo

(]

'r. Hasan Katkhuda

(E4-6)
Steel Design

(Fe_Ff.\)(Fr_Fe)‘)(Fe_Fr:)_Ff‘:Fr_Fn')(
):) -0

_FS(FE_FF\J(
rl)




Torsional and Flexural-Torsional Buckling

A, = gross area of member, in.? (mm?)
L. C, = warping constant, in.° (mm®)
” I+ 1y .
72 =xZ+y;+ s (E4-7)
Ag
x2+y?
H =l--e__¢ (E4-8)
o
’E
F, —=—= (E4-9)
K.L
’i
i wE .
Fy = 7 (E4-10)
K,L )‘
ry
TEC, +GJ L (E4-11)
“\&L? T ) AR ’
G = shear modulus of elasticity of steel = 11,200 ksi

(77 200 MPa)

I, I, = moment of inertia about the principal axes, in.* (mm®*)

J = torsional constant, in.* (mm®*)

K. = effective length factor for torsional buckling

X,, ¥, = coordinates of shear center with respect to the centroid, in. (mm)

Ty = polar radius of gyration about the shear center, in. (mm) Dr. Hasan Katkhuda
ry = radius of gyration about y-axis, in. (1nm) Steel Design

Example

Example 1:

Compute the compressive strength of a WT 12 x 81 of
A992 steel. The effective length with respect to x-axis is
25 ft 6 in, the effective length with respect to y-axis is
20 ft, and the effective length with respect to z-axis is
20 ft. (Use method b)

Steel Design

Dr. Hasan Katkhuda
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Example

Compute the flexural buckling strength for the x-axis:

KL _255x12 o0

r. 350
mE _ m*(29,000)

“T(KL/r}  (87.43)

an |E =4.71,}29'00° =113
F, 50

Since KL < 4.71\/%, AISC Equation E3-2 applies.
r :

= 37.44 ksi

F, =0.658"" F, = 0.658%/74(50) = 28.59 ksi

The nominal strength is
P,=F_,A,=28.59(23.9) = 683.3 kips

Dr. Hasan Katkhuda
Steel Design

Example

Compute the flexural-torsional buckling strength about the y-axis (the axis of symmetry):
K.L _20x12
"~ 305
mE m'(29,000)
(KL/r)'  (78.69)

= 78.69

Ty

F,= =46.22 ksi

e

Becaunse the shear center of a tee is located at the intersection of the centerlines of the
flange and the stem,

xo=0
[.
Yo = ,»--L=z_'mf£= 2.090 in.
2 2
5 , L+, ;293 2
Re=xtyv+ T 04(2.0000 + 93+ 228 _ 1587 in?
£
.F,_. = iq:_+cj ]—1
(K.L) ATy
7°(29,000)(43.8) 1 ,
=| ———————+11,20009.22) | = 167.4 ksi
[ (20x12)° ]23.9(25.87)

Dr. Hasan Katkhuda
Steel Design
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Example

F,+F,.=4622+167.4=213.6ksi

el .r,f_-i:y,'; -1 0 +(2.090)°
I 25.87

F_[F,,-Jrﬁ;)l | AEEH |
T\ 2H V. (E,+F.)

_ 2136 [, [ 4(46.22)(167.4)08312)
2(0.8312)| (213.6)°

=0.8312

] =43.63 ksi

Dr. Hasan Katkhuda
Steel Design

Example

0.44F = 0.44(50) = 22.0 ksi
Since 43.63 ksi > 22.0 ksi, use AISC Equation E3-2.
F, =0.658""F, = 0.658/7(50) = 28.59 ki
The nominal strength is
P,=F_A,=30.95(23.9) = 739.7 Kips

The flexural buckling strength controls, and the nominal strength is 683.3 Kips.

For LRFD, the design strength is ¢, = 0.90(683.3) = 615 kips.

Dr. Hasan Katkhuda
Steel Design
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Design of Compression Members

e Design Procedure:
1. Assume a value for Fcr. (maximum = Fy)

2. Determine the required area.
aF,A 2P,

F,

D el

‘T QF,
3. Select a trial shape that satisfy Ag.
4. Compute Fcr and ¢c Pn for the trial shape.

5. If the design strength is very close to the required
value, the next tabulate size can be tried (If not, use
Fcr from step 4 and Repeat)

6. Check Local and flexural-torsional buckling. ot it

Steel Design

Examples (Design of Compression
Members)

e Example 1: Select a W18 shape of A992 steel that can
resist a service dead load of 100 kips and a service
live load of 300 kips. The effective length KL is 26
feet.

TryaWI8x71:
=20.8in? >20.2 in?
P,=1.2D + 1.6L=1.2(100) + 1.6(300) = 600 kips 4, =208in">202in"  (OK)
Try F,, = 33 ksi (an arbitrary choice of two-thirds F,): KL _26x12 _ 183.5<200  (OK)
Tinin 1.70 ’
P n’E 229,
Required A, = —— 600 =20.2 in? F = =X 000) =8.5 ksi

‘T (KL/r? (183.5)

f>
4.71 £=--1.':'l '9'000:113
F, 50

0.F.  0.90(33)

Dr. Hasan Katkhuda
Steel Design
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Examples (Design of Compression
Members)

Since KL >4.71 /f— AISC Equation E3-3 applies.
r ¥

F, =0877F, = 0.877(8.5) = 7.455 ksi
4P, = 4 F, A, =0.90(7.455(20.8) = 140 kips < 600 kips ~ (N.G,

e Try Fcr = 20 ksi.

Required A, = 600 in.?

33.3in.°

o.F.  090(20)

«r

Try a W18 x 119:
A,=35.1in2>333in? (OK)

KL _ 26";2 ~1160<200  (OK)

rmln
n’E _ m*(29,000)

= _= > =21.27 ksi
(KL/r) _ (116.0)

e

Dr. Hasan Katkhuda

Steel Design
Examples (Design of Compression
Members)
Since KL > 4.71JFE =113, AISC Equation E3-3 applies.
r y
F., =0.877F, = 0.877(21.27) = 18.65 ksi
&P, = F,A, =090(18.65)(35.1) = 589 kips <600 kips  (N.G.)
Try a W18 x 130:
A,=382in’?
KL _26X12_1156<200 (OK)
Fonin 2.70
gt 2
o FE 22900005 4 ksi
(KL/r?  (115.6)°
KL E . o
Since - > 4.71\[; =113, AISC Equation E3-3 applies. T
Steel Design
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Examples (Design of Compression
Members)

F, =0877F, = 0.877(21.42) = 18.79 ksi
QP = qF,A, =090(18.79)(38.2) = 646 kips >600 kips ~ (OK.)

Use a W18 x 130.

Dr. Hasan Katkhuda
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Examples (Design of Compression
Members)

e Example 2: The column shown in the figure below is
subjected to an ultimate load of 840 kips. Use A992
steel and select a W-shape.

S

1
6
%,% .
200 8
b T
6
S Y
s o
Support in Supportin Dr. Hasan Katkhuda
strong direction weak direction Steel Design
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Examples (Design of Compression
Members)

e KyLy = (1.0)(6.0) = 6.0
KyLy = (1.0)(8.0) = 8.0 (control in y)

e Assume weak axis controls and using table 4-1 (Pu =
840kips, KyLy = 8.0 ft, Fy=50); Try W12 x 72 (¢c
Pn= 884>840)

¢ Check which axis controls:

e Eqg. KyLy = (1.0)(20) / (1.75) =11.43 ft >8.0 ft

e KxLx controls

e Using table 4-1, KL = 11.43, Try W12 X 79

e (pc Pn >840 (Interpolation)

Dr. Hasan Katkhuda
Steel Design

Built up Columns with Components not in
Contact with Each Other

Single
End tie PL lacing
———————— cooo ’c\\/o\/‘ 11
f |
i ]
(a)

e Purpose of Lattice work:
1. To hold various parts in their position.

2. To equalize stress distribution between different
parts.

3. To Prevent local Buckling.

37



Built up Columns with Components not in

Contact with Each Other

e Design of tie plates:

Tie plate @)

@]

O
Length of

o}

K

I p
5k

Width of tie plate
- cal

(k)

f Minimum thickness = B/50

© | te plate Minimum width = B + 2e

L ' e (edge distance) from Table.
I Minimum length = 2/3 B

2 Maximum L/r = 200

Dr. Hasan Katkhuda

Steel Design

Built up Columns with Components not in
Contact with Each Other

TABLE J3.4
Minimum Edge Distance,™ in., from
Center of Standard Hole™ to Edge of

Connected Part

Bolt Diameter (in.)

At Sheared Edges

At Rolled Edges of
Plates,
Shapes or Bars, or
Thermally Cut Edges [}

A /g 3/a
/8 1'/s s
ETA 14 1

7 11/ (€] 11

1 13/4 9] 14
1/ 2 11/2
1/a 2'/a 15/g

Over 17/4 13/4 x d 14 xd

priate, are satisfied.

! For oversized or slotted holes, see Table J3.5.
[ ANl edge distances in this column are permitied to be reduced /s in. when the hole is at a point
where required strength does not exceed 25 percent of the maximum strength in the element.

19! These are permitted to be 11/ in. at the ends of beam connection angles and shear end plates.

[3] Lesser edge distances are permitted to be used provided provisions of Section J3.10, as appro-

Dr. Hasan Katkhuda

Steel Design

38



Built up Columns with Components not in
Contact with Each Other

e Design of Lacing:
1. Single Lacing:
. gz T B<15in

J Minimum B = 60
. Maximum KL/r = 140
) : K = 10

Vs End tie PL

Dr. Hasan Katkhuda
Steel Design

Built up Columns with Components not in
Contact with Each Other

e Design of Lacing:
2. Double Lacing:

* :o: B> 15in
. R/ Minimum B = 45
¢ jEHi Maximum KL/r = 200
. k=07
. 1ML Force on Lacing Bar (Vu = 0.02
. . X @c Pn)
NN
A‘ Dr. Hasan Katkhuda

Steel Design
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Example

e P dead = 100 kips Ili

e Plive = 309 kips o

e Fy = 50 ksi

e Bolt diameter = 34 in

e Design the lightest C12 P s R

e Design lacing and end plates.
7}77* ,,,,,,,,
, TP 12 in

Example
[ J

40



Example

e Check Local Buckling
e Use 2C12x 30

e Design of Lacing:

e B=8.5<15in (Single Lacing)
e Use B =60

e Length = 8.5/ cos 30 = 9.8 in
e Vu=0.02(631) = 12.62k

e 0.5(12.62) = 6.31 k (shearing force on each plane of
lacing)

Dr. Hasan Katkhuda
Steel Design

Example
9.8in
C12 X 30
(r, = 0.762 in) }
| O \_\-:J_L
g=1.75in 8.5in g=175in e——8.51in

Dr. Hasan Katkhuda
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Example

Dr. Hasan Katkhuda
Steel Design

Example

e Req. Ag =7.28/12.2 = 0.597
e Use (2.39 x 0.25)
e Min.e=1.25In

e Min. Length = 9.8 + (2)(1.25) = 12.3 in (use 14 in)

e Use 0.25x2.5x 14

¢ Design of End Tie Plate:

e Min. Length = 8.5in

e Min. t=8.5/50 =0.17 in

e Min. Width = 8.5 + (2)(1.25) = 11 in
e Use 3/16 x8.5x 12 in

Dr. Hasan Katkhuda
Steel Design
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Effective Length Using Alignment Charts

e The resistance to rotation furnished by the beams and
girders meeting at one end of a column is dependent
on the rotational stiffnesses of those members.

e Rotational stiffness: The moment needed to produce a

unit rotation at one end of a member if the other end
is fixed. (4EI/L)

G- YEI /L _Xl1./L
e ' XEI/L, XIJL,

Dr. Hasan Katkhuda
Steel Design

Effective Length Using Alignment Charts

° YE__ /L, = sum of the stiffnesses of all columns at the end of the column

under consideration

ZE,I, /L, = sum of the stiffnesses of all girders at the end of the column under
consideration

E = E, = E, the modulus of elasticity of structural steel.

Dr. Hasan Katkhuda
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Effective Length Using Alignment Charts

="

LN\
A L& 4 A AAA

(a) Diagonal Bracing

N

RAY

(b) Shear Walls
(masonry, reinforced concrete,
or steel plate)

Dr. Hasan Katkhuda
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Effective Lenath Using Alianment Charts

G,
500
1003

283
3.0
20—

687
0.8—
0,7
0.6

054

0.4—

03—

02—

0.1

00—

K Gg

—10 50.0
1 10,0

=38

=0 9a_ 02 fa b2
o e 7
—o.7 [-08 [[c2

05 b3 gl
4 04 B~ 0| b4

—0.3 c3 l.‘
——06 i l"’ﬁ
!

—0.2

T 0.1

—0.5 —0.0

Fig. C-C2.3. Alignment chari—sidesway inhibited (braced frame).

Dr. Hasan Katkhuda
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Effective Length Using Alignment Charts

[<A K Gg
o /. .
100.0— :1518.'8 —100,0
50,0 = —50.0
30,0 50 30,0
20.0— T 40 20,0
10.0— ——3.0 —10.0
8.0 T —8.0
7.0— + 7.0 .
6.0—| + 6.0 ;
5‘0—_ . _—5,[) 04
4.0 1 20 —4.0
3.0-] T 30 Lo
2.0 T —2.0 Ci{f
——1.5
] 1 i ]{A
1.0— - —1.0 A
. 1 - P
0,0— —~ 10 0.0

Dr. Hasan Katkhuda

Fig. C-C2.4. Alignment charr—sidesway uninhibited (momeni frame).

Steel Design
EXAMPLE
e Unbraced frame.
e Determine Kx for columns AB and BC.
%
W24 x 55 5| W24 x 68
S[a
X 12’
W24 x 55 ; W24 x 68 ¥
=|B A
E' 15
z
A «L «t &
L 20 P 20’ ! 18’ ~! Dr. Hasan Katkhuda
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EXAMPLE

Column AB:
For joint A,
G= LI /L _ 833/12+1070/12 1586 _ 4,
T3 /L, 1350/20+1830/18 1692
For joint B,
G Zl/le _ 1070/12+1070/15 _ 160.5 _ o o

T X1/, 169.2 169.2

From the alignment chart for sidesway uninhibited (AISC Figure C-C2.4), with
G, =0.94 and G5 =0.95, K, = 1.3 for column AB.

For column BC:

For joint B, as before,

G=0.95
From the alignment chart with G, =0.95 and Gz = 10.0, K, = 1.85
for column BC, o ';?::TD:::: e
Inelastic

G _LEL/L _E,
inclastic Z E’S. / LA. E elastic

e Stiffness reduction factor (Ca), Table 4-21 in the
manual.

F,= F for LRFD

3

Dr. Hasan Katkhuda
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Inelastic

Table 4-21
Stiffness Reduction Factor a

ASD | LRFD F, ksi

B & 35 36 42 46 50

A, | A | Asp | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
45 - - - =1 - - - -
u“ - - - - - - - - | 0.0509
3 - - - - - - - - |ons
a2 - - - - - - - - |os
2 - - - - - - |ooee2| - |o2m;m
P - - - - - - |ooss| - |[o285
39 - - - - - - oz | - |o33
38 - - N - - |o21e | - |o389
37 - - - - |oosro| - |o26 | - o438
% - - - - oz | - |03 | - |oass
35 - - - - |o1ea | - o3 | - |[os3
3 - - - - |o2s0 | - |o4an | - |os77
3 - - - - |o33 | - |0492 | - |o0s620
2 - - - |oosa| - |03 | - |o0s2| - |os60
3 - |oos29| - |oms | - |oaas | - |05 | - |o0699
30 - |ot2r | - Jotes | - [ose0| - [oes | - |o73

Dr. Hasan Katkhuda
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EXAMPLE

kips.
A992 steel

Unbraced Frame
Determine the effective length factors for member AB.
Service dead load = 35.5 kips, service live load = 142

WI2x14 A WI2x 14

W14x22Z|B WI4x22

W10 x 33|W10x33

e

20 | 20 | g
I

Dr. Hasan Katkhuda
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EXAMPLE

For joint A,

(/L) 17112 _1425 o
Y(I,/L) 886/20+88.6/18 9352

For joint B,

(/L) 2071/12) 285

= = =1.36
2(1,/L,)  199/20+199/18  21.01

e Kx = 1.45 (for elastic)

Dr. Hasan Katkhuda
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EXAMPLE

KL _14502x12) _ 000
4.19

r.
HE 29,000

471 = =471 =113
F, 50

Since

KL 471 |E
T, \ F\

behavior is inelastic, and the inelastic K factor can be used.
The factored load is

P,=1.2D+ 1.6L = 1.2(35.5) + 1.6(142) = 269.8 Kips
Enter Table 4-21 in Part 4 of the Manual with
1A _ 269.8

——— =27.79 ksi
A 9.71

£

and obtain the stiffness reduction factor 7, = 0.8105 by interpolation.

Dr. Hasan Katkhuda
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EXAMPLE

For joint A,

Ginetastic = Ta X Getastic = 0.8105(1.52) = 1.23
For joint B,

Gipetasiic = 0.8105(1.36) = 1.10

From the alignment chart, K, = 1.35.

Dr. Hasan Katkhuda
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STEEL DESIGN

Chapter 5:
Analysis and Design of Beams

Dr. Hasan Katkhuda
Steel Design

Introduction

e Beams are members that are subjected to transverse
loads. (Chapter F in the specifications in the manual)

e Types of beams:

1. Used in buildings.
2. Used in roofs and walls.
3. Used in bridges.

Dr. Hasan Katkhuda
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Introduction

. Used in buildings:

Joists: Closely spaced beams supporting floors of
buildings.

Lintels: On top of doors and windows.

Spandrel beams: To support external walls.

Dr. Hasan Katkhuda
Steel Design

Introduction

w

3.

A.
B.

Used in roofs and walls:

Purlins: on roofs.
Girts: on walls.

Used in bridges:

Stringers: beams running parallel to the roadway.

Floor beams: large beams which are perpendicular to
the roadway.

Dr. Hasan Katkhuda
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Introduction

e Types of sections:

1. Rolled steel sections:

e W (most economical, used in this class), S, C, T, L.

2. Built up sections:

o Plate girder.

Dr. Hasan Katkhuda
Steel Design

Introduction

o If h/tw < 5.70 (E/Fy)%-> : It is considered beam.
o If h/tw > 5.70 (E/Fy)%> : It is considered plate girder

Dr. Hasan Katkhuda
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Plastification of Cross-section under Pure
Bending

1. Elastic beam theory:

!

Moment . [<F I.\‘

} -

[ ] ]
: 2 L/
(@)

¢ Plane section before bending remains plane after
bending.

Dr. Hasan Katkhuda
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Plastification of Cross-section under Pure
Bending

2. Increasing Load (Moment), reaching yielding:

f=F,
== I J

(b)

M,=F,S,

e Reaches yield stress and strain.
o Still linear.
e Sx : Section modulus (I/c)

Dr. Hasan Katkhuda
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Plastification of Cross-section under Pure
Bending

3. Increasing Load (Moment), beyond yielding:

F,

| aaline

[ — )
(c)

e Elastic zone (core).
e Plastic zone.

Dr. Hasan Katkhuda
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Plastification of Cross-section under Pure
Bending

4. Plastic moment (Mp):

F,

LT W

&
)

e Strain and stress reach yielding every where.
e Full Plastic zone, Pu, Mp.
e Formation of plastic hinge.

Dr. Hasan Katkhuda
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Plastification of Cross-section under Pure
Bending

™ Plastic hinge

_ _ la
Plastic / -

neutral axis > T=AF
———— > ty

Dr. Hasan Katkhuda
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Plastification of Cross-section under Pure
Bending

W shape Plastic hinge

s
Area of yielding %/

T

Dr. Hasan Katkhuda
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Plastification of Cross-section under Pure

Bending

C=T
AJFy=AF,
A=A,

A
M, = F(4a = KA = K4 = £z

A = total cross-sectional area
a = distance between the centroids of the two half -areas

Z= [%] a = plastic section modulus

Dr. Hasan Katkhuda
Steel Design

Examples

o Example 1: A572, Grade 50. Determine:

1. Yielding moment and elastic section modulus.

2. Plastic moment and plastic section modulus.

——,

A

]I_OII P { _
s fe— 1

I
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Examples

1. _ _
Component ! A d I+ Ad?
Flange 0.6667 8 6.5 338.7
Flange 0.6667 8 6.5 338.7
Web 72 —_ — 72.0
Sum 749.4

The elastic section modulus is
S = 1 _ 749.4 _ 749 .4 — 107 in3
c 1+ (12/2) 7
and the yield moment is
M, = F,§ = 50(107) = 5350 in.-kips = 446 ft-kips
Dr. Hasan Katkhuda
Steel Design
Examples
2. ]._ ﬁ_a.‘
= "‘\f‘Centroid of <---
;f half-area :liv
L
-——
——
o]
Component A 1% Ay
Flange 8 6.5 52 y = E Ay = ﬁ = 5.545 in.
Web 3 3 9 A 11
Sum 1 61

Dr. Hasan Katkhuda
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Examples

2. a=2y=2(5.545)=11.09 in.
and that the plastic section modulus is
(i‘z‘-)a = 11(11.09) = 122 in.?
The plastic moment is
M,=F,Z=50(122) = 6100 in.-kips = 508 ft-kips
Dr. Hasan Katkhuda
Steel Design
Examples

o Example 2:
¢ Determine plastic section modulus.

Il%in
T

18in

13in —» I 25in } ~—1%in

28in

Dr. Hasan Katkhuda
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Examples

Plastie. calewlations
plastia N.AY g

I&"s'”.' 2Swn. ld—flsli\.

Zyx=(2X 22\ EE )+ @) La7y LE2)
+ @225+ LE\ = y35.2 103

Dr. Hasan Katkhuda
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Basic Definitions

1. Lateral Torsional Buckling (LTB):

Dr. Hasan Katkhuda
Steel Design
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Basic Definitions

e Mn = Mp (if the beam remains stable up to the fully
plastic condition)

-
S pup—

Dr. Hasan Katkhuda
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Basic Definitions

e Lateral torsional buckling will not occur if the
compression flange of a member is braced or if
twisting of the beam is prevented at frequent
intervals.

e Two Categories of lateral support:

1. Continuous lateral support by embedment of the
compression flange in a concrete slab.

2. Lateral support at short or long intervals.

Dr. Hasan Katkhuda
Steel Design
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Basic Definitions

2. (assifications of Shapes :

A. Compact sections:

e Capable of developing a fully plastic stress distribution
before buckling.

 If A < Ap and the flange is continuously connected to
the web.

B. Non- Compact sections:

¢ Yield stress can be reached in some but not all of the
elements.

o If Ap <A A

Dr. Hasan Katkhuda
Steel Design

Basic Definitions

C. Slender sections:

o If A> Ar

Element A A, A,
b

Flange it 0.38 £ 1.0 £
2y Fy F,

Web L £ 570 |-

3.76 F

f, F) y

*For hot-rolled | shapes in flexure.

Dr. Hasan Katkhuda
Steel Design

12



Bending Strength of Compact Shapes

e Beams can fail by reaching Mp and become fully

plastic , or it can fail by:

1. Lateral Torsional Buckling (LTB), elastic or inelastic.
2. Flange Local Buckling (FLB), elastic or inelastic.
3. Web Local Buckling (WLB), elastic or inelastic.

Dr. Hasan Katkhuda
Steel Design

Bending Strength of Compact Shapes

Dr. Hasan Katkhuda
Steel Design

M,
MP
Compact
shapes
M.+
L, L, L,
No Inelastic | Elastic
“instability | LTB | LTB

13



Bending Strength of Compact Shapes

1. Plastic Behavior ( Zone 1):
Compact Shape.

Compression flange is continuously braced laterally or
lateral bracing are provided at short intervals, i.e.

Lb > Lp
e Where
L, =1.76r, FE)
ForL,<L,
° M =M M,=M,=FZ, (Pb =0.9

Dr. Hasan Katkhuda
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Bending Strength of Compact Shapes

e For bending about minor axis (y-y); there is no (LTB)
in the doubly symmetrical sections.

e Always zone 1.

e ®b Mn = @b Mp
= pb Fy Zy < ¢b 1.6 Fy Sy

Dr. Hasan Katkhuda
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Examples (Zone 1)

e Example 1:

e W16 x 31, A992 steel.
e Continuous Lateral Support.
e Is the beam adequate in flexure?

w, = 450 Ib/ft
w, = 550 Ib/ft

I 2K 2K 2

»"
*(—

—
w
<

_y

Dr. Hasan Katkhuda
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Examples (Zone 1)

E}L =6.28  (from Part 1 of the Manual)
!

E
0.38 ’—; = 0.38\/ 29;300 =9.15>6.28 .. the flange is compact
i <3.76 £
1, F,

(The web is compact for all shapes in the Manual for F, < 65 ksi.)
. a W16 x 31 is compact for F, = 50 ksi.

Dr. Hasan Katkhuda
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Examples (Zone 1)

M,=M,=F,Z =50(54.0) = 2700 in.-kips = 225.0 ft kips.
wp =450+ 31 =481 Ib/ft

w, =1.2wp + 1.6w, =1.2(0.481)+1.6(0.550) = 1.457 kips/ft
1

M, = gw,,L2 = %(1.457)(30)2 =164 ft-kips
o.M, = 0.90(225.0) = 203 ft-kips > 164 ft-kips  (OK)
Dr. Hasan Katkhuda
Steel Design
Examples (Zone 1)
e Example 2:
e Fy = 50 ksi.
¢ Continuous lateral support.
e Design.
P =24k P, =24k
D = 2KklIf
|7 7|
7 Vi
|Hum } 10 ft } 10 nal

Dr. Hasan Katkhuda
Steel Design
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Examples (Zone 1)

e Case 1 + Case 9 Table 3-23 in the manual.

Table 3-23

Shears, Moments, and Deflections

1. SIMPLE BEAM — UNIFORMLY DISTRIBUTED LOAD

Vi

M.

Total Equiv. Uniform Load ........c.cocvvuinncnnns

Memax (81 ONE) ...vovisvvneesssnsrisnsns

e T L T .

Swi*
384 E/

(L (I
P 2!x2vx3)

Dr. Hasan Katkhuda

5

Steel Design

Examples (Zone 1)

e Case 1 + Case 9 Table 3-23 in the manual.

9. SIMPLE BEAM — TWO EQUAL CONCENTRATED LOADS SYMMETRICALLY PLACED

My (WNON X € @) et easnnnns. =

v | 1
I Shear ‘ VRO - . DO —
| It

Amee (When a= ;} [

il | ‘ TN
LAl LN

Moment Ay (When ae X< (/=8 s

Total Equiv. UnHorm Load ... = #
< 1
|
a R Mew 1 loads) = Pa
} a a

- 505 -+8)

e
28 €1
“eE

T

P"(ala as )

= ":'(31:: ax - a?)

Dr. Hasan Katkhuda
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Examples (Zone 1)

e Case 1 + Case 9 Table 3-23 in the manual.

e Or.

Zreq. = (654)(12) / (0.9)(50) = 174.4 in®

Wu = 1.2 (2) = 2.4 k /ft
Pu = 1.6 (24) = 38.4 k

Mu = (2.4)(30)2 / 8 + (38.4)(10) = 654 k-ft

Using Table 3-2, try W24 x 68, Zx = 177 > 174.4

Dr. Hasan Katkhuda
Steel Design

Examples (Zone 1)

Table 3-2
F, = 50 ksi W Shapes 2 :
Selection by Z, X
é M 2,] My, [M, /2] 0,M,, | BF L L VU] Ol
Shape * | kip-ft | kip-ft | kip-ft | kip-ft | kips | kips | 7 v * | kips | kips
in3 | ASD | LRFD | ASD | LRFD | ASD | LRFD ft ft in4 | ASD | LRFD
W36800" | 3650 | 9110 | 13700 | 5310 | 7980 | 47.5 | 71.4 | 149 | 94.8 (64700 | 2030 | 3040
W36x652" | 2910 | 7260 (10900 | 4300 | 6460 | 46.8 | 70.4 | 145 | 77.8 |50600 | 1620 | 2430
|
W40x593" | 2760 | 6890 | 10400 | 4090 | 6140 | 555 | 835 | 13.4 | 63.8 |50400 | 1540 | 2310
W36x529" | 2330 | 5810 | 8740 | 3480 | 5220 | 465 | 70.0 | 141 | 64.4 (39600 [ 1280 | 1920
W40x503" | 2310 | 5760 | 8660 | 3460 | 5200 | 54.7 | 82.2 | 13.1 | 55.3 |41600 [ 1280 | 1940
W36x487" | 2130 | 5310 | 7990 | 3200 | 4800 | 46.1 | 69.3 | 14.0 | 60.0 |36000 | 1180 | 1770

Dr. Hasan Katkhuda
Steel Design
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Examples (Zone 1)

Wu = 1.2 (2+0.068) = 2.4816 k/ft
Pu = 38.4 k
Mu = (2.4816)(30)2/ 8 + (38.4)(10) = 663.18 k-ft

Zreq. = (663.18)(12) / (0.9)(50)
= 176.8 < 177 (0.K)

Use W24 x 68

Dr. Hasan Katkhuda
Steel Design

Bending Strength of Compact Shapes

2. Inelastic LTB (Zone 2):

e The bracing is insufficient to permit the member to
reach a full plastic distribution.

¢ Yield strain is reached in some but not all of its
compression elements.

Lp < Lb < Lr

Dr. Hasan Katkhuda
Steel Design
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Bending Strength of Compact Shapes

2
L =195, —L_ | 1+\/l+6.76[mj

" 0.7F, \' S, h, Je
where

) ."(‘I\'(ju

r. = A s,

and

For a doubly symmetric I-shape: ¢ = |
z(J |¥'

1y
\' (-".t

-

For a channel: c=

0|

where

h, = distance between the flange centroids, in. (mm) Or. Hasan Katkiada

Steel Design

Bending Strength of Compact Shapes

E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa)
J = torsional constant, in.* (imm?*)
S, = elastic section modulus taken about the x-axis, in.} (mm?)

e Cw = Warping constant, in*
e The moment capacity in zone (2) is:

Lb - Lp
M, =C,| M,-(M,-07ES,)| =—=||<M,
L-L,

e Or: b Mn = Cb [ b Mp — BF (Lb- Lp)] <pb Mp

Dr. Hasan Katkhuda
Steel Design
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Bending Strength of Compact Shapes

e Cb = Modification factor for non-uniform moment
diagrams, when both ends of the beam segment are
braced.

C,= 12 5M R, <3.0
25M__ +3M, +4M, +3M,

M, = absolute value of the maximum moment within the unbraced length
(including the end points)

M, = absolute value of the moment at the quarter point of the unbraced length

My = absolute value of the moment at the midpoint of the unbraced length

M, = absolute value of the moment at the three-quarter point of the unbraced
length

Dr. Hasan Katkhuda
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Bending Strength of Compact Shapes

R, = 1.0 for doubly-symmetric cross sections (such as W shapes) and singly
symmetric shapes (such as channels) subject to single-curvature bending

2
I
_ 05+ Z[Lc} for singly-symmetric shapes subject to reverse-curvature
= y

bending

I, =moment of inertia of the compression flange about the y axis. For
doubly-symmetric shapes, I, = I, /2. For reverse-curvature bending
of singly-symmetric I-shaped sections, /,. is the moment of inertia of
the smaller flange. '

Dr. Hasan Katkhuda
Steel Design
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Bending Strength of Compact Shapes

e Cb is used to account for the effect of different
moment gradients on LTB.

e Cb = 1.0 for Cantilever and over hangs.

—_— M,
-
-
w

. - .
N Theoretical value
N

CpyM, may notbe > M, = F,Z

G, > 10

I

“p

L,
I‘*—Zunc 1—4-—20110 2—>|<—Znnc 3

—_ L,

Dr. Hasan Katkhuda
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Bendin™ ="~~~ T~ "=~" Thapes

|

w, KMt w, k/Mt
17 777 7 2 iz
I B A Br | | in
Le Ln
€, = LI4R,, C, = 130R, C, = 1.32R
Py
ez 7
[L .t -

[¢ 1.67 R,

7% ’;ﬁ ’

7
Lid | Li4 | LI4 | Li4
L

€, = 111 R, for two center
sections and 1.67 R,, for
end ones
Py
TR R
7. v Iz 7 | ¥
Z Y K 52
i L2
L2 L2 | I - -
C, = 192R,,
« SR, ¢ SR,
P,
17
v
L L
I T > Dr. Hasan Katkhuda
C 227 R, Steel Design
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Bending Strength of Compact Shapes

Example (Cb):
Bracing at ends

([ ]
~

i
e Mmax = PL/8 | |
e MA=0
e MB =PL/8
e MC=0
e Cb = (12.5)(PL/8)/ (2.5PL/8 + 0 + 4 PL/8 + 0)
=1.92

Dr. Hasan Katkhuda
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Example (Zone 2)

Example 1:

W12 x 30, A992 steel.
Lb =10 ft
Cb=1.0

Compute the flexural design strength.

Dr. Hasan Katkhuda
Steel Design
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Example (Zone 2)

Dr. Hasan Katkhuda
Steel Design

Example (Zone 2)

Dr. Hasan Katkhuda
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Example (Zone 2)

e Mn = 1.0 [ (50)(43.1) - {(50)(43.1) -
(0.7)(50)(38.6)} [ (10-5.369) / (15.6-5.369)]
= 1791.1 kip-in < Mp = 2155 kip-in

e ®b Mn = (0.9)(1791.1)
= 1611.99 kip-in
= 134.33 kip-ft

Dr. Hasan Katkhuda
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Example (Zone 2)

Example 2:

Mu = 290k-ft.
Fy = 50 ksi
Lb = 10 ft

Cb = 1.0

Design.

Dr. Hasan Katkhuda
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Example (Zone 2)

Using Table 3-2

Table 3-2
F, = 50 ksi W Shapes 2 :
Selection by Z, X
z M0 &M, [M I 0,M,, | BF L . / [AAEYA
Shape * | Kip-ft | Kip-ft | kip-ft k_I?-I‘l' Kips | Kkips 4 " * | kips | kips
in3 | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft ft | in4 | ASD | LRFD
W36x800" | 3650 | 9110 (13700 | 5310 | 7980 | 47.5 | 71.4 | 14.9 | 94.8 |64700 | 2030 | 3040
W36x652" | 2910 | 7260 (10900 | 4300 | 6460 | 468 | 704 | 145 | 77.8 |50600 | 1620 | 2430
1

W40x593" | 2760 | 6890 | 10400 | 4090 | 6140 | 555 | 835 | 13.4 | 63.8 | 50400 | 1540 | 2310
W36x520" | 2330 | 5810 | 8740 | 3480 | 5220 | 465 | 70,0 | 14.1 | 64.4 | 39600 | 1280 | 1920
W40x503" | 2310 | 5760 | 8660 | 3460 | 5200 | 54.7 | 82.2 | 13.1 | 553 |41600 | 1290 | 1940 |
|
W36x487" | 2130 | 5310 | 7990 | 3200 | 4800 | 46.1 | 69.3 | 14.0 | 60.0 | 36000 | 1180 | 1770 |
wanxan" | 1960 | 4800 | 73sn | 2050 | aaan | 536 | sns | 129 | 49.0 134800 1110 | 1880 |

Dr. Hasan Katkhuda
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Example (Zone 2)

e Try W 18 x 40: (assume Zone 1)

®b Mp = 294 k-ft,
Lp = 4.49 ft,
BF = 13.3,
Lr=13.1ft

Zone 2 ( 4.49< 10 <13.1)

= 220.72 <290 (N.G)

®b Mn = 1.0 [ 294 — (13.3)(10-4.49)]

Dr. Hasan Katkhuda
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Example (Zone 2)

Try W 21 x 44:

®b Mp = 358 k-ft,
Lp = 4.45 ft,

BF = 16.8,

Lr = 13 ft

Zone 2 ( 4.45< 10 <13.0)

®b Mn = 1.0 [ 358 — (16.8)(10-4.45)]
= 264.76 <290 (N.G)

Dr. Hasan Katkhuda
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Example (Zone 2)

Try W 21 x 48:

®b Mp = 398 k-ft,
Lp = 6.09 ft,

BF = 14.7,

Lr = 16.6 ft

Zone 2 ( 6.09< 10 <16.6)

®b Mn = 1.0 [ 398 — (14.7)(10-6.09)]
= 340.52 > 290 (0.K)

Dr. Hasan Katkhuda
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Bending Strength of Compact Shapes

3. Elastic LTB (Zone 3):

Lb > Lr

M,=F,S. =M,

where

2 2
F =-G7 E2 J1+0.07s Je (L—’)
(Lb / Vs ) S.\' ho Fis

cr

Dr. Hasan Katkhuda
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Examples

o Example 1. (Design by Charts)

e A572, Grade 50.
e Bracing at ends.
e Design by charts.

ro* rok'
N
A B

e "o |
T

2

Y
A
\

A

Dr. Hasan Katkhuda
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Examples

MA:MBZMcszam o Cb=1'0
M, = 6(1.6 x 20) = 192 ft-kips

e From charts page 3-126:

From the charts, with L, = 24 ft, try W12 x 53:
oM, =209 ft-kips > 192 ft-kips (OK)

Now, we account for the beam weight:

1
M, =192+ (1.2 0.053)(24)> = 197 fi-kips < 209 fi-kips (OK)

Dr. Hasan Katkhuda
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Examples

Example 2:
A992 steel.

Lateral bracing at the ends and at mid span.
30% dead load, 70% live load.
Design. 9k

EERRRERERE.
B

127 12’

| Lot

L

A

Dr. Hasan Katkhuda
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Examples

w, = 1.2(0.9) + 1.6(2.1) = 4.44 kips/ft
P,=1.6(9) = 14.4 kips
14.4%
¢ 4., 44/t

'
\&_{H ++%iHHH_i

60.48 "f T60.48 k
1 J
< |

Dr. Hasan Katkhuda
Steel Design

M = 60.48x — 4.44{%] =60.48x-2.22x* (forx <12 fr)

Examples

For x = 3 ft, M4, =60.48(3)-2.22(3)*=161.5 ft-kips

For x = 6 ft, Mp=60.48(6)—2.22(6)>=283.0 ft-kips

For x =9 ft, M-=60.48(9)-2.22(9)*=364.5 ft-kips

For x = 12 ft, M,,,, = M,, = 60.48(12)-2.22(12)* = 406.1 ft-kips
12.5M .

2.5M 0 +3M 4 +4Mp +3M,

~ 12.5(406.1)
2.5(406.1) + 3(161.5) + 4(283.0) + 3(364.5)

Cb:

=1.36

Enter the charts with an unbraced length L, = 12 ft and a bending moment of

y_“_ = M =299 ﬂ_kips
c, 136

Steel Design
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Examples

Try W21 x 48:
oM, =311 ft-kips (for C,=1)

Since C,, = 1.36, the actual design strength is 1.36(311) = 423 ft-kips. But the design
strength cannot exceed ¢,M,,, which is only 398 fi-kips (obtained from the chart), so
the actual design strength must be taken as

$,M,, = $,M,, = 398 ft-kips < M, =406.1 fkips  (N.G.)

For the next trial shape, move up in the charts to the next solid curve and try W18 x 55.
For L, = 12 ft, the design strength from the chart is 335 ft-kips for C, = 1. The
strength for C, = 1.36 is

@M, = 1.36(335) = 456 ft-kips > ¢, M, = 420 ft-kips

0uM,, = $,M,, = 420 ft-kips > M, =406.1 fi-kips  (OK)

Check the beam weight.

M, =406.1+ é(l 2% 0.055)(24) = 411 fi-kips < 420 fi-kips ~ (OK) (atkhud |

Bending Strength of Non-Compact Shapes

e Flange Local Buckling (FLB):

. A<A<A, (NON —COMPACT)
M,=M,-(M, - 0.75,Sx)( A4, )
A -2,
b
1=§g—f

A =10 fﬂ
F,
y Dr. Hasan Katkhuda

Steel Design
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Bending Strength of Non-Compact Shapes

e Flange Local Buckling (FLB):

. A> A (SLENDER)
0.9Ek. S,
fy = ———
rs
k., = \/;_{“ and shall not be taken less than (.35 nor greater than 0.76 for

calculation purposes

Dr. Hasan Katkhuda
Steel Design

Example (Bending Strength of Non-
Compact Shapes)

e Example:

A simply supported beam with a span length of 45 feet is laterally supported at its
ends and is subjected to the following service loads:

Dead load = 400 Ib/ft (including the weight of the beam)
Live load = 1000 Ib/ft

If F, =50 ksi, is a W14 X 90 adequate?

Dr. Hasan Katkhuda
Steel Design
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Example (Bending Strength of Non-
Compact Shapes)

A=5—=10.2

%
3, =038 = =038 200 _g 15
F, 50
A =10 = 1.0,/M =24.1
F, 50

Since A, < A < A,, this shape is noncompact. Check the capacity based on the limit
state of flange local buckling:

M, = F,Z, = 50(157) = 7850 in.-kips

A-2,
M, =M, ~(M,~0TFS,)| 7—
T P

10.2-9.15

= 7850 — (7850 — 0.7 50 x 143
( S )(24.1—9.15

} = 7650 in.-kips = 637.5 ft-kips

atkhuda
sign

Example (Bending Strength of Non-
Compact Shapes)

Check the capacity based on the limit state of lateral-torsional buckling. From the
Z, table,

L,=152ft and L,=42.6ft
L,=45ft> L, .. failure is by elastic LTB
From Part 1 of the Manual,
1,=362in* :
ro=4.111n.
h,=13.3in.
J=4.06in*
C, =16,000in.°
For a uniformly loaded, simply supported beam with lateral support at the ends,

C,=1.14 (Fig. 5.15a)

Dr. Hasan Katkhuda
Steel Design
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Example (Bending Strength of Non-
Compact Shapes)

2 2
ﬂ,=ﬁ—%dl+o.07s s (ﬁ]
(Lb/'}s)

tho r}s
) 2
_ 1.147%(29,000) 1+0‘0784.06(1.0)(45><12] — 37.20 ksi
T 143(13.3)\ 4.11

(45><12]
4.11

From AISC Equation F2-3,
M,=F_,S,=737.20(143) = 5320 in.-kips < M, =7850 in.-kips
M, = 0.90(5320) = 4788 in.-kips = 399 ft-kips
The factored load and moment are
w, =1.2wp + 1.6w; =1.2(0.400) + 1.6(1.000) = 2.080 kips/ft
1

1
M, = gw"Lz = g(2.080)(45)2 =527 fikips >399 fikips (N.G.) Or. Hasan Katkhuda

Steel Design

Example

e Bracing at A, B, C, and D.
e Fy = 50 Ksi.
e Is W 14 x 132 adequate in flexure?

P, =25
o |
NEEEREEER D
b ¢ 7
~ v I 9 — 18—
36’ >

Dr. Hasan Katkhuda
Steel Design
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Example

Segment ABC:
Wu = 1.2 (3.5+0.132) + 1.6 (1.0) = 5.958 kip/ft

Segment CD:
Wu = 1.2 (0.132) = 0.1584 kip/ft
Pu = 1.6 (25) = 40 kips.

Mmax = 858 kip-ft at 16.97 ft

Check Compactness (section is compact)

Dr. Hasan Katkhuda
Steel Design

Example

o Wi4x132:
e Lp=13.3ft, Lr = 56.0 ft

e For segment BC .
e Llb=9ft<Lp=13.3ft(Zone 1)
e ®b Mn = @b Mp = 878 kip-ft < Mu = 858 kip-ft (O.K)

o For segment CD:

e Lp=13.3 ft <Lb = 18 ft < Lr = 56 ft (Zone 2)

e Cb =12.5(855.4) / (2.5)(855.4)+(3)(646.4)+
(4) (434.1)+ (3)(218.7) = 1.653

Dr. Hasan Katkhuda
Steel Design




Example

e ®b Mn = 1.653 [ 878 —(7.7)( 18-13.3)]
= 1391.512 kip-ft > ¢b Mp = 878 kip-ft

e Use b Mp = 878 kip-ft > Mu = 855 kip-ft (O.K)
e For segment AB .
e Lb=9ft(Zone1l)
e ¢b Mp > Mu (0.K)
e Section is adequate in flexure

Shear

e Shear stress :

e
fv_]b

f, = vertical and horizontal shearing stress at the point of interest
V = vertical shear force at the section under consideration

Q = first moment, about the neutral axis, of the area of the cross section
between the point of interest and the top or bottom of the cross section

I = momeng of inertia about the neutral axis
b = width of the cross section at the point of interest

Dr. Hasan Katkhuda
Steel Design
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T \4¢;
- f=—=
J / It
d _ i
|
[
/ J
VIA, £
f, ==-=06F,
+A,, = area of the web.
V,=0.6FA,,
Dr. Hasan Katkhuda
Steel Design
Shear
Vus oV,
V, = maximum shear based on the controlling combination of factored loads
¢, = resistance factor for shear
V,=0.6F,A,C,
A, = area of the web = dt,,
d = overall depth of the beam
C, = ratio of critical web stress to shear yield stress
Dr. Hasan Katkhuda
Steel Design
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10 K EJF,
0.6F 4, | MOV KEIE,
’ ht

e

w

0_6F"Aw[ 1.51Ek, }

% (hir,)’ F,

— 1 hit,,
260

1.10 k‘,E/Fy/ \1.37 JKEIF,

Dr. Hasan Katkhuda
Steel Design

Shear

For the special case of hot-rolled I shapes with

<224

SR

£
Y

The limit state is shear yielding, and
C,=1.0
¢, =1.00
Q,=1.50
For all other doubly and singly symmetric shapes, except for round HSS

¢, =0.90
Q,=1.67

and C, is determined as follows:

Dr. Hasan Katkhuda

Steel Design
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Shear

For L] <1.10 ﬁ’?_E, there is no web instability, and
y

1,
C,=10
For 1.10 AE < L <1.37 KE , inelastic web buckling
F, o, F,
kyE
T b/,

Dr. Hasan Katkhuda
Steel Design

Shear

h k,E
For — >1.37 I‘:“ ,  the limit state is elastic web buckling:
w ¥
L5IEK,
©(h/1,)°F,

where
k,=5 with A/t <260.

Dr. Hasan Katkhuda
Steel Design




Example (Shear)

A simply supported beam with a span length of 45 feet is laterally supported at its
ends and is subjected to the following service loads:

Dead load = 400 Ib/ft (including the weight of the beam)
Live load = 1000 1b/ft

If F, = 50 ksi, is a W14 x 90 adequate?

and the web area is A,, = dr,, = 14.0(0.440) = 6.160 in.2 h 75.9
E 29 w -
224 [= = 2.24Jﬂ =54.0
F, 50
Since

h
—<224 HE
'tw F‘) Dr. Hasan Katkhuda

Steel Design

Example (Shear)

V,=0.6F,A,C,=0.6(50)(6.160)(1.0) = 184.8 kips

Since i <2.24 £,
t, F,

,=1.00

and the design shear strength is

¢V, =1.00(184.8) = 185 kips

_w,L _ 2.080(45)
{:_2"

=46.8 kips <185kips (OK)

Dr. Hasan Katkhuda
Steel Design
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Deflection

e Example:

w

e W: Service live

EREEERRE

Y
load. s \.ﬁ__&(/’&

L2 TN
4
L -5 wL
€ > 384 EI
Max. live Max. dead + Max. snow or
Type of member load defl. live load defl. wind load defl.
Roof beam:
Supporting plaster ceiling L /360 L /240 L /360
Supporting nonplaster ceiling L /240 L /180 L /240
Not supporting a ceiling L /180 L/120 L /180
Floor beam L /360 L /240 —
Dr. Hasan Katkhug
Steel Design
Example (Deflection)
Wp = 500 Ib/ft
W = 550 1b/ft
& W18 x 35 &
| 30 |
[~ T
4 4
A, = _5__ w, L _ __5_ (0.550/12)(30 x12) — 0.678 in.
384 EI 384 29,000(510)
L3002 6in > 067800, (OK)
360 360
Dr. Hasan Katkhuda
Steel Design
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Biaxial Bending

"z

e ——
- -~

Dr. Hasan Katkhuda
Steel Design

Biaxial Bending

M,
ﬁ_ + 2. .<1.0
¢I>Mmc ¢any

where
M, = factored-load moment about the x axis
M, = nominal moment strength for x-axis bending
M,,, = factored-load moment about the y axis

M, = nominal moment strength for the y axis

Dr. Hasan Katkhuda
Steel Design
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Example (Biaxial Bending)

A W21 x 68 is used as a simply supported beam with a span length of 12 feet. Lateral
support of the compression flange is provided only at the ends. Loads act through
the shear center, producing moments about the x and y axes. The service load mo-
ments about the x axis are M, = 48 ft-kips and M;, = 144 ft-kips. Service load
moments about the y axis are My, = 6 ft-kips and M, = 18 ft-kips. If A992 steel is
used, does this beam satisfy the provisions of the AISC Specification? Assume that
all moments are uniform over the length of the beam.

L,=636ft,L,=18.7ft

The unbraced length L, = 12 ft, so L, < L, < L,, and the controlling limit state is
inelastic lateral-torsional buckling. Then

px

M, =C,| M L, -L,
w =Cy| M, — (M, —0.7F,S, - <M
r (4

M,, = F,Z, =50(160) = 8000 in.kips

Dr. Hasan Katkhuda

Steel Design

Example (Biaxial Bending)

Because the bending moment is uniform, C, = 1.0.

00 — (8000 — 0.7 x 50 x 140) 12-636
M,, =1.0| 8000 (8000-0. 18.7-6.36

= 6583 in.-kips = 548.6 ft-Kips

For the y axis, since the shape is compact, there is no flange local buckling and

M, =M, =F,Z =50(24.4) = 1220 in-kips = 101.7 ft-Kips
Check the upper limit:

é = 234 =155<1.6 s M, =M, =101.7 in.kips

S, 157 ’

y

Dr. Hasan Katkhuda
Steel Design
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Example (Biaxial Bending)

For x-axis bending,

M, =12Mp, + 1.6M;, = 1.2(48) + 1.6(144) = 288.0 ft-kips
For y-axis bending,

M,y = 1.2Mp, + 1.6M,, = 1.2(6) + 1.6(18) = 36.0 ft-kips

My My 2880 360 499710
oM, $M, 090(548.6) 0.90(101.7)
The W21 x 68 is satisfactory.
Shear Center
e Is that point through which the loads must act if there
is to be no twisting or torsion of the beam.
Yy

N
T
| \%
____ Axesof — |
y symmetry €o

=?=n

’I\"Y

y

X
.

I

L a
Lo}
\

Dr. Hasan Katkhuda
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Shear Center

e Location of shear center:

~ - >

o> 0> >
°

e e = =

Dr. Hasan Katkhuda
Steel Design

Shear Center

e Location of shear center:

%4

.
:Z‘ Shear j«—e—»
i —\-$—-—1‘—v | qv = VQ / I (Shear flow)
A |
A =

|
W
=

e Hh=Ve
Dr. Hasan Katkhuda
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Example (Shear Center)

. 1:"_4;’3 qvatB=VQ /1

. o . I=(0.3)(9.43/12+

. " [(3)(0.33/12 +

. (3)(0.3)(4.85)%}] (2)

. y = 63.12 in

. Q = (3-0.15)(0.3)(5-0.15)
. p=—=1_ = 4.146

R N qv at B = V (4.146) / 63.12
. = 0.0657 V

Dr. Hasan Katkhuda
Steel Design

Example (Shear Center)

e Total area H = (0.5)(0.0657 V)(2.85) = 0.0936 V

—]

T

1.98 k/in

Ve=H h

Ve =(0.0936V) (9.7)
e = 0.91 in (from center line

1.98 k/in

Variation of shearing stresses

of web)

Dr. Hasan Katkhuda
Steel Design
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STEEL DESIGN

Chapter 6:
Analysis and Design of Beam-Columns

Dr. Hasan Katkhuda
Steel Design

Introduction

e Beam-columns are members that are subjected to
bending and axial forces. (Tension or Compression)

LA UL

(c) A beam subject to a uniform gravity Dr. Hasan Katkhuda
load and a lateral tensile load Steel Design




Introduction

e First Order (F.O) Analysis: Structural analysis using

undeformed shape of the structure.

o Second Order (5.0) Analysis: Structural analysis
considering geometric changes due to deformations in

structural formulations.

Dr. Hasan Katkhuda
Steel Design

Introduction
P
wr P

2 2ol | e

My T
% My + Pé

Dr. Hasan Katkhuda
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Introduction

i The moment will be
I increased by the
i second-order moment P,,A

Mr = Mfi + PmA

Pnt

Dr. Hasan Katkhuda
Steel Design

Introduction

e Second Order:

1. Use computers and make a second order analysis to
determine the maximum factored load strength.

2. Use First Order analysis and amplify the moments
obtained with some amplification factors.

Dr. Hasan Katkhuda
Steel Design




Interaction Formula

e Chapter H in the specifications in the manual.
1.

P
For —20.2,
M,
F +§[ My P )SI.O
@,‘R: 9 ¢!)M nx ¢.’1M ny
2.

Fori <0.2,

ctn

P’u M;u Muy
+ + — |<1.0
2¢C‘P n ¢b M nx q)b M ny

Dr. Hasan Katkhuda
Steel Design

Interaction Formula

Mu = B1 Mnt + B2 MIt

e Mnt: Maximum moment assuming that no sidesway
occurs (no translation) (First order).

e Mlt :Maximum moment caused by sidesway (lateral
translation) (First order)

e B1 : Amplification factor for the moments occurring in
member when it is braced against sidesway.

e B2 : Amplification factor for moments resulting from

S i d esWay . Dr. Hasan Katkhuda

Steel Design




Interaction Formula

Pu = Pnt + B2 PIt

e Pnt: Axial load assuming that no sidesway occurs (no
translation).

e PIt :Axial load caused by sidesway (lateral translation.

e B2 : Amplification factor for moments resulting from
sidesway.

Dr. Hasan Katkhuda
Steel Design

Interaction Formula

C.

= >
1-(aP,/P.)

~ ot=1.00 for LRFD
P, =required axial compressive strength

= P, for LRFD
2
EI
R’] = n- )
(K\Ly

e K-< 1.0 (BRACED FRAME)

e Cm : Modification factor due to maximum moment
depends on the distribution of bending moment within

the member. o et pedign




Interaction Formula

By=——>1

laEP_

nt

=P,
o= 1.00 for LRFD

ZP,, = sum of required load capacities for all columns in the story under
consideration (factored for LRFD, unfactored for ASD)
%P,, = sum of the Euler loads for all columns in the story under consideration

_« TEI
e2 (Kz L)2
sp, = R, 2L
2 AH Dr. Hasan Katkhuda

Steel Design

Interaction Formula

where

I = moment of inertia about the axis of bending

K, = effective length factor corresponding to the unbraced condition
L = story height

R,, = 1.0 for braced frames (although B, is not used for braced frames)

=0.85 for unbraced frames and mixed systems
Ay = drift (sidesway displacement) of the story under consideration
2H = sum of all horizontal forces causing Ay

Dr. Hasan Katkhuda
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Interaction Formula

o Cm.

i
/
MC /
T'Pm

(a) Column

p Max M, =M + P,3
|
{IH

+
1
A
Y

/

(b) Column moments

M

Dr. Hasan Katkhuda
Steel Design

Interaction Formula

fr.

(a) Column

+ = - Maximum moments
donotequal M + P, 6

P M

(b) Column moments

Dr. Hasan Katkhuda
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Interaction Formula

o Cm.

1. If there is no transverse loads acting on the member:

C, =0.6- 0.4[

member.
M1: Absolute smaller value.
M2: Absolute larger value.

M,
M,

(-ve) when single curvature.

M1 / M2: Ratio of bending moments at the ends of the

Ratio (+ve) when reverse or double curvature.

Dr. Hasan Katkhuda
Steel Design

Interaction Formula

M~

or

NN

Negative M,/M,

(S

N

~

(
J

Positive M|/M»

Dr. Hasan Katkhuda
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Interaction Formula

o Cm.

2. For transversely loaded members:

Cm=1+~{’(°‘P’J

el

Dr. Hasan Katkhuda
Steel Design

Case L C
P
A,F]Emmr;ﬂ 0 1.0
P
2 —-0.4 1-045"%
_,fEIIIIEDIEIIDI/ -— Pey
‘”ll
0.4 1-04
L
_, ANMIIIIY,
(

P
—02 1-02 Pf’

R - “
P

P,

Dr. Hasan Katkhuda
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Examples (Analysis for Braced Frame)

o Example 1:

e Braced frame.

¢ Service loads and moments about strong axis are
shown. -

e A5732, Grade 50 P, =210k

o KxLx = KyLy = 14 ft P Mo=1i fek

T

14" W12 x 65

l -
Mp =14 frk

L/ M =41fik

Dr. Hasan Katkhuda
Steel Design

Examples (Analysis for Braced Frame)

P, = 685 kips
m*El n*El, _ 7*(29,000)(533)

P 420 P, = = = = 5405 kips
—=——=0.6131>0.2 "RL?  (KLP (1.0x14x12) P
o.P, 685
420*
f‘\ 70.8™
_ —_— 70.8
3.5’ \
A 73.7
' 3.5 \
14’ W12 x65| B 76.6
3.5 \
C 79.5
3.5
x4 - 82.4
# 82.4"* Moment (ft-k)
420%
Dr. Hasan Katkhuda
Steel Design
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Examples (Analysis for Braced Frame)

C. =06- 0.4(ﬂ] = 0.6—0.4[—@) — 0.9437
M, 82.4

. C, C, 09437
“1-(aP,/P;) 1-(1.00P,/P,) 1-(420/5405)

1.023

B

From the Beam Design Charts with C,, = 1.0 apd L, = 14 feet, the moment strength is
&,M,, = 345 ft-kips

12.5M

C, =
T 25M, +3M, +4My +3M,

_ 12.5(82.4) —1.060
2.5(82.4)+3(73.7) + 4(76.6) + 3(79.5)

. B,M, = C,(345) = 1.060(345) = 366 fi-kips Dr. Hasan Katkhuda

Steel Design

Examples (Analysis for Braced Frame)

But ¢, M), = 356 ft-kips (from the charts) <366 ft-kips ... use @M, = 356 ft-kips
(Since a W12 x 65 is noncompact for F, = 50 ksi, 356 ft-Kips is the design strength based
on FLB rather than full yielding of the cross section.) The factored load moments are

M, =824 ftkips M, =0
M, =M, =B\M,,+B,M, =1.023(82.4) + 0 = 84.30 ft-kips = M,

M,y :
P 8 My , M, =0_6131+§(8430+0}=0-824<1.0 (OK)
¢an 9 ¢anx ¢any 9 356

The member is satisfactory.

Dr. Hasan Katkhuda
Steel Design
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Examples (Analysis for Braced Frame)

Example 2:

Service live loads are shown.
Laterally braced at ends.
Bending about x axis.

Fy = 50 ksi

Steel Design

Dr. Hasan Katkhuda

Examples (Analysis for Braced Frame)

The factored axial load is
P,=1.6(28)=44.8 kips

The factored transverse loads and bending moment are
0, = 1.6(28) =44.8 kips
w, = 1.2(0.035) = 0.042 kips/ft

_ 44.800) 0.042(10)*
‘ 4 8

=112.5 ft-kips

This member is braced against sidesway, so M, = 0.

Steel Design

Dr. Hasan Katkhuda
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Examples (Analysis for Braced Frame)

obp,
C, =1+¥ —_r
m (P )

el

_ mPEl _ mEl, _ m°(29,000)(127)
(K,L)*  (K.L)* (10x12)

oP. 1.00P 44.8
= Fl=1-02 — % |=1-02] —— |=0.9965
Cn ”W(PJ ( 3 ) (2524)

= 2524 Kips

el

., C 09965 .0

m

b= 1-(aP/P,) T 1-(1L.00P/P,) 1-(44.8/2524)

M, = BM,,+B,M, = 1.015(112.5) + 0 =114.2 ft-kips

Dr. Hasan Katkhuda
Steel Design

Examples (Analysis for Braced Frame)

From the beam design charts, for L, = 10 ft and C, = 1,
o.M, = 123 ft-kips Cb =1.32
® §,M,=132(123) = 162.4 frkips > ¢,M, =130 fi-Kips

¢, M, = 130 fi-kips

¢.P, =358 kips

F, +ﬂ =0.1251< 0.2 A W8 x 35 is adequate.
oF, 358
M, . .
P, My , My )_ 0 1251+[1142+0)
2¢0P n ¢bM e ¢1)M ny 2 130
= 0.941 < 10 (OK) Dr. Hasan Katkhuda

Steel Design
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Examples (Analysis for Braced Frame)

Example 3:
Service Loads and Moments are shown.

e Use Kx = Ky = 1.0

H Dead loads:
e Fy =50 Ksi fl\ﬁ o
- M,=225"F

Mr‘lzsﬁ»k
Live loads:

P =150
M, = 67.5"*

15" W12 x 65 M, = 15k

J A242 steel
—_—

Dr. Hasan Katkhuda
Steel Design

Examples (Analysis for Braced Frame)

P, =1.2(50) + 1.6(150) = 300 kips
M, =12(22.5) + 1.6(67.5) = 135.0 ft-kips

M, = 1.2(5) + 1.6(15) = 30.0 ft-kips

M
Cp = 0.6 0.4[;4—1] =0.6-0.4(0)= 0.6

2
n’El  m’El,  7*(29,000)(533)

(KLY (KL (1.0x15x12)
B oo Cm C, _ 06
1-(aF,/P,) 1-(1.00R/F, ) 1-(300/4708)
=0.641<1.0 . useB, =10

= 4708 Kips

elx

M, =M, =B, M,, + B, M,,=1.0(135) + 0 = 135.0 ft-kips

Dr. Hasan Katkhuda

Steel Design
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Examples (Analysis for Braced Frame)

From the Beam Design Charts with C, = 1.0 and L, = 15 feet, the moment strength is

BM,,, = 340 ft-kips and ¢, M, = 356 ft-Kips
C, % (¢,M,, for C,=1.0) = 1.67(340) = 567.8 ft-kips
This result is larger than ¢,M,,,; therefore use ¢,M,, = ¢,M,,, = 356 ft-kips.

M

C,y =06—- 0.4( J =0.6-04(0)=0.6
M

2
_ mEl _ m'El, _7%(29,000)174)
C(KL?  (K,LP (1L0x15%12)°
Boo— Cm ___ Cw 08
*1-(aR/P,) 1-(LOOR/P,,) 1-(300/1537)

= 1537 kips

ely

=0.746<1.0 .. useB,, =1.0
y Dr. Hasan Katkhuda
Steel Design

Examples (Analysis for Braced Frame)

M,=M,, = B,,M,, + ByM,, = 1.0(30) + 0 = 30 ft-kips

b
A=-—L =992
2tf

A,=0.38 E_ 0.381}M =9.152
F, 50
=105 - 1.0‘}M =24.08
F, 50

A-24,
M,=M,~(M,-0.7FS,) -y

M,=M, =FZ = 04D _ 143 8 fiokips
R 12

Dr. Hasan Katkhuda
Steel Design
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Examples (Analysis for Braced Frame)

9.92-9.152

——————— |=178.7 ft-kips
24.08-9.152

M, =M, =183.8-(183.8—0.7x50% 29. 1/12)(
®,M,, = 0.90(178.7) = 160.8 ft-kips

P, = 662 kips

Determine which interaction formula to use:

Fu = @ =0.4532>0.2 .. use Equation 6.3 (AISC Equation H1-1a)
@B, 662
M,
—PL~I-§ M +— =0‘4532+§-(£+—30 ]
¢(Pn 9 ¢anx ¢bMuy 9 356 160.8

=0.956<1.0 (OK)

The W12 x 65 is .satisfactory.

Dr. Hasan Katkhuda

Steel Design

Design of Beam- Columns

e Because of many variables in the interaction formulas,
the design is essentially a trial and error process.

e Amin Mansour Method:

M,,
£+_8_ %+—r" <1.0 P=
P 9\M, M,

1
£ ¢.F,
8 8

b‘ = =
1 8 M 8 M. <10 S 9M, S@M,)
—_ P + rx | — y —
(P.) ' (9Mu ] “lom, )" bh=—s -8
‘ 9 ML'V 9(¢1’7M ny )

I

pP.+bM, +bM, <10

Dr. Hasan Katkhuda
Steel Design
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Design of Beam- Columns

b + yﬁ+£"- <1.0
2P. M

¢ X cy

0.5pP, + %(bx M, +bM,)<1.0

Dr. Hasan Katkhuda
Steel Design

Design of Beam- Columns

e Procedure:
1. Select a trial shape from Table 6-1.

2. Use the effective length KL to select p, and use the unbraced length L, to select
b, (the constant b, determines the weak axis bending strength, so it is independent
of the unbraced length). The values of the constants are based on the assumption
that weak axis buckling controls the axial compressive strength and that C, = 1.0.

3. Compute pP,. If this is less than or equal to 0.2, use interaction Equation 6.8.

If pP, is greater than 0.2, use Equation 6.9.

4. Evaluate the selected interaction equation with the values of p, b,, and b, for

the trial shape.

5. If the result is not very close to 1.0, try another shape. By examining the value
of each term in Equation 6.8 or 6.9, you can gain insight into which constants

need to be larger or smaller.

6. Continue the process until a shape is found that gives an interaction equation
result less than 1.0 and close to 1.0 (greater than 0.9).

‘ wi. nasan nawiluda

Steel Design
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Design of Beam- Columns

¢ If strong axis buckling controls the compressive strength, use an effective

length of
KL = K,
r/r

to obtain p from Table 6-1.

e If C, is not equal to 1.0, the value of b, must be adjusted.

Dr. Hasan Katkhuda
Steel Design

Design of Beam- Columns

Table 6-1
F - 50 ki Combined Axial
= Si .
¥ and Bending
W Shapes Wa4
w44
Shape — -
335° 290¢ 262°
px10° b, x10° px10° b, =< 10° px10° b x10°
Design (ipsy' | dp-m' | (kips)! | (dp-yt | (kps! | (kip-y”!
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
0 0.345 | 0.230 | 0.220 | 0.146 | 0.417 | 0.278 | 0.253 | 0.168 | 0.476 | 0.317 | 0.281 | 0.187
" 0.378 | 0.251 | 0.220 | 0.146 | 0.454 | 0.302 | 0.253 | 0.168 | 0,518 | 0.344 | 0.281 | 0.187
12 0.384 | 0.256 | 0.220 | 0.146 | 0.462 | 0.307 | 0.253 | 0.168 | 0.526 | 0.350 | 0.281 | 0.187
) 13 0.393 | 0.261 | 0.222 | 0.148| 0.470 | 0.313 | 0.255 | 0.170 | 0.536 | 0.356 | 0.284 | 0.189
14 0.402 | 0.267 | 0.225 | 0.150 [ 0.480 | 0.319 | 0.259 | 0.173 | 0.546 | 0.363 | 0.289 | 0.192
g- 15 0.412 | 0.274 | 0.229 | 0.152 | 0.490 | 0.326 | 0.264 | 0.175 | 0.557 | 0.371 | 0.294 | 0.196
.:. 16 0.423 | 0.282 | 0.233 | 0.155|0.501 | 0.333 | 0.268 | 0.178 | 0.570 | 0.379 | 0.299 | 0.199
2 17 0.435 | 0.290 | 0.236 | 0.157 | 0.514 | 0.342 | 0.273 | 0.181 | 0.584 | 0.389 | 0.304 | 0.203
gi 18 0.449 | 0.299 | 0.240 | 0.160 | 0.527 | 0.351 | 0.277 | 0.184 | 0.599 | 0.399 | 0.310 | 0.206
S% | 19 |o4e3|0308| 0.2¢4 0762|0542 | 0.361| 0282 | 0.188 | 0616 | 0.410 | 0316 | 0210

Dr. Hasan Katkhuda
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Design of Beam- Columns

2 40 | 1.28 | 0850|0377 | 0.251| 1.47 | 0.981 | 0.463 | 0.308| 1,66 | 1.10 | 0.550 | 0.366

E 42 | 1.41 |0.937[0.405)|0.269| 1.62 | 1.08 | 0.498 | 0.331| 1,83 | 1.21 | 0593 | 0.394
44 | 155 | 1.03 (0432|0287 | 1.78 | 1.19 | 0533 | 0.355 | 2.00 | 1.33 | 0.636 | 0.423
46 | 1.69 | 1.12 |0.459 | 0.306 | 1.95 | 1.30 | 0.569 | 0.378 | 2.19 | 1.46 |0.679 | 0.452
48 | 1.84 | 122 [0.487 | 0324 212 | 1.41 | 0.604 | 0402 | 2.38 | 1.59 | 0.723 | 0.481
50 | 200 | 1.33 |0514 | 0342 230 | 153 {o.s«) 0426 | 259 | 1.72 | 0.767 | 0.510

Other Constants and Properties

b,x 103kip-ftr!| 151 100 | 174 116 1.96 1.30

t, % 10° (kips)”! 0.339 0226 | 0390 0.260 0.434 0.289

£,x 10 (kips) ! 0417 0278 | 0.480 0.320 0534 0.356

rir, 5.10 [ 5.10 5.10
© Shape is siender for compression with £, = 50 ksi

Dr. Hasan Katkhuda
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Example (Design of Beam- Columns)

e Example 1:

A structural member in a braced frame must support the following service loads and mo-
ments: an axial compressive dead load of 25 kips and a live load of 75 kips; a dead load
moment of 12.5 ft-kips about the strong axis and a live load moment of 37.5 ft-kips about
the strong axis; a dead load moment of 5 ft-kips about the weak axis and a live load
moment of 15 ft-kips about the weak axis. The moments occur at one end; the other
end is pinned. The effective length with respect to each axis is 15 feet. There are no
transverse loads on the member. Use A992 steel and select a W10 shape.

Dr. Hasan Katkhuda
Steel Design
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Example (Design of Beam- Columns)

The factored axial load is
P,=1.2(25) + 1.6(75) = 150 kips

The factored moments are
M, =1.2(12.5) + 1.6(37.5) = 75.0 ft-kips
M, = 1.2(5) + 1.6(15) = 30.0 ft-kips

The amplification factor B, can be estimated as 1.0 for purposes of making a trial se-
lection. For the two axes,

M, =B, M,, =1.0(75) = 75 ft-kips
M,,=B,M,,, = 1.0(30) = 30 ft-kips

uy

Try a W10 X 49. From Table 6-1,p =222 x 1073, b, =4.35x 1073, b,=8.38x 107

Dr. Hasan Katkhuda
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Example (Design of Beam- Columns)

¢—;, = pP, =(2.22x107)(150) = 0.333> 0.2

PP, +bM,, +b,M,, = (222 x 10)(150) + (4.35 x 10-3}(75) + (8.38 x 10-2)(30)
=0911<1.0  (OK)

C,=06—- 0.4[114—') =0.6-04 [ij =0.6 (for both axes)
M, M,
2 2
= T EI,: _r (29,000)(?72) = 2403 kips
(KLY (15%12)
B, = Cow 06 0.640<1.0 .. B, =1.0 as assumed
R 150
P 2403

elx
Dr. Hasan Katkhuda
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Example (Design of Beam- Columns)

nEl, - m’(29,000)(93.4)

>, = . > =825.1 kips
T (K,L) (15x12)
B, = Cny  _ 0.6 =0.733<1.0 .. B, =1.0 as assumed
¥ | P - 150 '
B, 825.1

C, = 1.67. Modify b, to account for C,.

8 1 8
M, =C,Xx=X—=167x=X
Ci)x¢h nx b 9 b 9

x

4,35%10™

Dr. Hasan Katkhuda
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Example (Design of Beam- Columns)

From the Z, table, ¢, M, = 227 ft-kips < 341.3 ft-kips .. ¢M,, =227 ft-kips

b = 8 _ 8 _
T oM, 9(227)

3.92x107

p=222x103,b,=392x 1073, b,=838x 107

PP, + b Mt b, M,, = (2.22 x 107)(150) + (3.92 x 10)(75) + (8.38 x 107%)(30)
-0878<10 (OK)

Dr. Hasan Katkhuda
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Example (Design of Beam- Columns)

Try the next smaller shape. Try a W10 X 45, with p = 3.01 X 103, b, =5.07 x 1073,
b,=11.7x107.

m’El,  m*(29,000)(248)

) = . ~ = 2191 kips
" (K,L)y (15x12)°
C,. 0.6
B, ,=—"—= =0.644<1.0 .. B, =1.
" - A 150 < 1 0 as assumed
P, 2191
m°El,  1*(29,0 4
= —t =T (29.000053D) _ 47} 7 ips
(K,L) (15x12)°
Coy 0.6 )
B, = = =0.880<1.0 ..B), =1.0 as assumed
oA 150 '
B, 4117 iy

Example (Design of Beam- Columns)

8 1 8 1
C X Mm-=C,X—X—=l.67X—X7:292_8 ﬁ-k S
el "9 b, 9" 507107 P

¢,M . =206 fikips < 292.8 fi-kips .-.¢,M,, = 206 ftkips

8 8

b, = = =4.32x107°
9@M,.) 9(206)

p=3.01x1073,b,=432x 107 b,= 117 x 102,

PP+ b M, +bM, = (3.01 X 1073)(150) + (4.32 x 10-3)(75) + (11.7 x 10%)(30)
=1.13>10 (NG)

Use a W10 x 49.

Dr. Hasan Katkhuda
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STEEL DESIGN

Chapter 7:
Bolted Connections

Dr. Hasan Katkhuda
Steel Design

Introduction

e Types of Bolts:
1. Ordinary or Common bolts:
Classified by ASTM as A307 bolts.

Used in light structures subjected to static loading
only.

2. High strength bolts:
Classified by ASTM as A325, A490 bolts.

Have tensile strengths two or more times those of
ordinary bolts.

Used in all types of structures (static + dynamic loads)

Dr. Hasan Katkhuda
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Introduction

e Simple Connections:

e If the line of action of the resultant force to be
resisted passes through the center of gravity of the
connection, each part of the connection is assumed to
resist an equal share of the load.

T — [ T
o o 100
—_——— - —+ 00— O - = OO ——- e
f io o % 100
| . 1

—T
Te=rEE—— g

(a) (b)

Dr. Hasan Katkhuda
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Introduction

e Eccentrically Loaded Connections:

¢ If the line of action of the resultant force to be
resisted does not act through the center of gravity of
the connection.

Qo000
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Bolted Shear Connections

e Failure modes:
1. Shear failure of the bolts:

—pP

T—<—P

i

P—g "

(a) Single Shear

[ x ) —> P/2
T ) ——— P/2

PR—T__ .
P[2 —,

P/Z_"T—sz
P2 —>
pp—3~—P

2

m_,%f:—P/

(b) Double Shear

Dr. Hasan Katkhuda
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Bolted Shear Connections

2. Tension failure in the member :

e Yielding
e Fracture
e Block shear

Dr. Hasan Katkhuda
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Bolted Shear Connections

3. Bearing exerted by the bolts :

— |

1
I . T 1 —»P

-~ o tEg

B
A
—

T
= 114

P -

Dr. Hasan Katkhuda
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Bolted Shear Connections

3. Bearing exerted by the bolts :

T~

O «© }—*

_—
e

-

Dr. Hasan Katkhuda
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Bolted Shear Connections

 Types of bolted shear connections:

1. Bearing type connections:
e Slip is acceptable (loose in connection)

e Load will be transferred through shear in bolts and
bearing in the connected parts.

2. Slip critical connections:

e No slippage is permitted (shear force < friction force)
e No shear and bearing.

e Load will be transferred through friction.

Dr. Hasan Katkhuda
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Bearing Type Connections

1. Shear Strength:

P =vah

fv : Shearing stress on the cross-sectional area of the
bolt.

Ab : Cross-sectional area of the unthreaded part of
bolt.

Rn = anAb

Rn : Nominal strength.
Fnv :Nominal shear stress.

Dr. Hasan Katkhuda
Steel Design




Bearing Type Connections

TABLE J3.2
Nominal Stress of Fasteners and Threaded Parts,
ksi (MPa)
Nominal Shear Stress in
Nominal Tensile Bearing-Type
Stress, Fp, Connections, Fp,,
Description of Fasteners ksi (MPa) ksi (MPa)
A307 bolts 45 (310) Bkl 24 (165) Ik
A325 or A325M bolts, when 90 (620) ¢ 48 (330)
threads are not excluded
from shear planes
A325 or A325M bolts, when 90 (620) ¢ 60 (414) 11
threads are excluded from
shear planes
A490 or A490M bolts, when 113 (780) ¥ 60 (414) 11
threads are not excluded
from shear planes
A490 or A490M bolts, when 113 (780) © 75 (520) 11
threads are excluded from
shear planes [
=1. woun Katkhuda

Steel Design

Bearing Type Connections

Nominal Shear Strength

Fastener R,=F.,Ap
A307 24A,
A325, threads in plane of shear 48A,
A325, threads not in plane of shear 604,
A490, threads in plane of shear 604,
A490, threads not in plane of shear 75A,

Dr. Hasan Katkhuda
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Bearing Type Connections

2. Bearing Strength:

e Bearing strength is independent of the type of
fastener because the stress under consideration is on
the part being connected rather than on the fastener.

(a) (b)

Dr. Hasan Katkhuda
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Bearing Type Connections

R, = 1.2LF, < 2.4diF,

®R,=0.75R,

where
L, = clear distance, in the direction parallel to the applied load, from the edge of
the bolt hole to the edge of the adjacent hole or to the edge of the material
t = thickness of the connected part
F,, = ultimate tensile stress of the connected part (ot the bolt)

Dr. Hasan Katkhuda
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Bearing Type Connections

ZI==

e L, e——— g ———>

O Ot

For the edge bolts, use L. = L, — h/2. For other bolts, use L, = s — A,

where
L, = edge-distance to center of the hole
5 = center-to-center spacing of holes
h = hole diameter

Dr. Hasan Katkhuda
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Bearing Type Connections

e Spacing and Edge distance requirements:

Minimum spacing and edge distance: In any direction, both in the line of force

and transverse to the line of force,

s>2%d  (preferably 3d)
L, = value from AISC Table J3.4

Dr. Hasan Katkhuda
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Bearing Type Connections

TABLE J3.4
Minimum Edge Distance,” in., from
Center of Standard Hole™ to Edge of

Connected Part

At Sheared Edges

At Rolled Edges of
Plates,
Shapes or Bars, or
Thermally Cut Edges !

Bolt Diameter (in.)
A

/ /s 3/a
5/a 1/e /s
34 1'/a 1

fa 1172 E 11/e

1 13/4 14
11/ 2 11/2
1'/a 2'/4 15/

Over 1/ 13a x d 1a xd

priate, are satsfied.

) For oversized or slotted holes, see Table J3.5.
[€) All edge distances in this column are permitted 1o be reduced !/ in. when the hole is at a pant
whara required strengt does nat exceed 25 parcent of the maximum strength in the element.

¥ Thase are permitted to be 11/4 in. at the ands of beam connection angles and shear end plates.

1) Lesser edge distances are permitted 1o be used provided provisions of Section J3.10, as appro

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

e Check bolt spacing, edge distances and bearing in the

connection shown.

e Bolts used A325 with threads not in plane of shear.

% n PL
/[t Sx %
Y 4
147 D= 15 L = 45
215" b —»—  A36steel
47— %" -diameter bolts
4
—Tr| || 1w
— e ——

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

3
4
Actual spacing = 2.50 in. > 2.00 in. (OK)

2%d = 2.667[ ) = 2.00 in.

The minimum edge distance in any direction is obtained from AISC Table J3.4. If we
assume sheared edges (the worst case), the minimum edge distance is 1% in., so

Actual edge distance = I-EI in. (OK)

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

1. Shear strength:

R,=F, A,
= (60) ()(3/4)? / 4 = 26.46 kips

®Rn = (0.75)(26.46) = 19.845 kips (for each bolt)

For four bolts:

®Rn = (4)(19.845) = 79.38 kips

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

2. Bearing Strength:
e Tension member :

e Edge holes:

1 _
c =

I 13 .
+E—Em.

Bl

h=d+

)

L=1L, —%: 1.25-%: 0.8438 in.

R, =12LF, <2.4dtF,

1.2L,0F, = ].2(0.8438)(—;-)(58} =129.36 kips

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

Check upper limit:

24dF, =2.4 EJ G](SS} =52.20 kips

29.36 kips < 52.20 kips .. use R, = 29.36 kips/bolt

e Other holes:
L =s—h= 25- 13 _ 1688 in.
16
R, =1.2L tF, < 2.4dIF,

1.2 (F, = 1.2(1.688)(%](58) = 58.74 Kips

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

Upper limit (the upper limit is independent of L, and is the same for all bolts):
2.4dtF, = 52.20 kips < 58.74 Kips .. use R, = 52.20 kips/bolt

The bearing strength for the tension member is

R, =2(29.36) + 2(52.20) = 163.1 kips

e Gusset Plate:
e Edge holes:

=L, _%=1_25_l§21—6= 0.8438 in.

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

R, =1.2LF, < 2.4dtF,
3 :
1.2L.tF, = 1.2(0.8438)[§)(58) =22.02 kips
- 3\ 3
Upper limit = 2.4dtF, = 2.4 3 (58)

=39.15kips >22.02 kips .. use R, = 22.02 kips/bolt

e Other holes:

13
L =s—h=25--"=1688 in.
e =S 16

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

R, = 1.2L.tF, < 2.4dtF,
1.2L.1F, = 1.2(1.688)(%) (58) = 44.06 kips
Upper limit = 2.4dtF, = 39.15 kips < 44.06 kips .. use R, =39.15 kips/bolt

The bearing strength for the gusset plate is
R,=2(22.02) + 2(39.15) = 122.3 kips
The gusset plate controls. The nominal bearing strength for the connection is therefore

R, = 122.3 kips

The design strength is ¢R, = 0.75(122.3) = 91.7 kips.

Dr. Hasan Katkhuda
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Example (Bearing Type Connections)

e Tension Failure:

Yielding:
®t Pn = (0.9)(36)(5)(0.5) = 81 kips

Fracture: .......cceeenen..

Block shear: ........cccovveeeeee.

Control (without calculating Tension failure) = 79.38
kips

Ru = 1.2(15) +(1.6)(45) = 90 kips

79.38 < 90 kips (N.G) Dr. Hasan Kathuda

Steel Design
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Slip Critical Connections

R, = p DA TN

where

surfaces

h,. = hole factor = 1.0 for standard holes

4 =mean slip coefficient (coefficient of static friction) = 0.35 for Class A

D, =ratio of mean actual bolt pretension to the specified minimum pretensior
This is to be taken as 1.13 unless another factor can be justified.

T, = minimum fastener tension from AISC Table J3.1
N, = number of slip planes (shear planes)
Dr. Hasan Katkhuda
Steel Design
Slip Critical Connections
TABLE J3.1
Minimum Bolt Pretension, kips*
Bolt Size, in. A325 Bolts A490 Bolts

1k 12 15

St 19 24

34 28 35

e 39 49

1 51 64

1/ 56 80

11/4 71 102

13/ 85 121

1'/2 103 148

*Equal 10 0.70 times the minimum tensiie srength of boits, rounded off 1o nearast kp, as

specified in ASTM speciicatons for A325 and A430 bolts with UNC treads.
Dr. Hasan Katkhuda
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Slip Critical Connections

If slip is treated as a serviceability limit state, then
=10
If slip is treated as a strength limit state,

¢=0.85

Dr. Hasan Katkhuda
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Example (Slip Critical Connections)

¢ 3/ inch diameter, A325 bolts with threads in the shear

plane no slip is permitted, A36.

3

/ %" gusset PL
o

1.5 o Gusset p]ate
3 ¢ —_—
| O O 1. 5 3
1.5 |
,—/: 3 ‘ }4_ //
.57 1.5" Tension member
(a) (b)

Dr. Hasan Katkhuda
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Example (Slip Critical Connections)

Shear strength: For one bolt,

_ xG/4
4

A, =0.4418 in.?

R, = F, A, = 48(0.4418) = 21.21 kips/bolt

For four bolts,

R,=4(21.21) = 84.84 kips

Slip-critical strength: Because no slippage is permitted, this connection is classified
as slip-critical (and we will treat slip as a serviceability limit state). From AISC Table
J3-1, the minimum bolt tension is T, = 28 kips. From AISC Equation J3-4,

R, = uDh, TN, =0.35(1.13)(1.0)(28)(1.0) = 11.07 kips/bolt

For four bolts,

R, =4(11.07) = 44.28 kips atkhuda

Example (Slip Critical Connections)

Bearing strength: Since both edge distances are the same, and the gusset plate is
thinner than the tension member, the gusset plate thickness of ¥s inch will be used.

h=d+ =3 L 135
16 4 16 16

For the holes nearest the edge of the gusset plate,

h _13/16

L=L-5=15 =1.094 in.

R, =12L.F, = 1.2(1.094)[%](58) = 28.55 kips

Upper limit = 2.4dtF, = 24(%)(%} (58)
=309.15 kips > 28.55 kips .~ use R, = 28.55 kips for this bolt

Dr. Hasan Katkhuda
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Example (Slip Critical Connections)

For the other holes,

Lc=s—h=3—E=2.188 in.
16

R, =12LF, = 1.2(2.188)(%)(58) =57.11 kips

Upper limit = 2.4dtF,
=39.15 kips < 57.11 kips .~ use R, = 39.15kips for this bolt

The nominal bearing strength for the connection is

R,=2(28.55) + 2(39.15) = 135.4 kips

Dr. Hasan Katkhuda
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Example (Slip Critical Connections)

Tension on the gross area:

1 .
P,=F,A, = 36(6><2J: 108.0 kips

Tension on the net area: All elements of the cross section are connected, so shear
lag is not a factor and A, = A,,. For the hole diameter, use

The nominal strength is

P, =F,A, = F(w,— Zh)= 58[%][6 —2(%}] =123.3 kips

Dr. Hasan Katkhuda
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Example (Slip Critical Connections)

Block shear strength:
o = 2x§(3+1.5) =3.375in’
Since there are 1.5 hole diameters per horizontal line of bolts,

/:.,,‘.=2><E 341.5-1.5) 2 |[=2.391in2
8 8

For the tension area,

A, = 5(3— EJ =0.7969 in.’
sl 8

Since the block shear will occur in a gusset plate, U, = 1.0. From AISC Equation J4-5,

Rn = 0'6E:Am' + U{uErAm
=0.6(58)(2.391) + 1.0(58)(0.7969) = 129.4 kips

with an upper limit of
0.6F\A,, + Uy,F,A,, = 0.6(36)(3.375) + 1.0(58)(0.7969) = 119.1 kips

. . . Dr. Hasan Katkhuda
The nominal block shear strength is therefore 119.1 kips. Steel Design

Example (Slip Critical Connections)

Bolt shear strength:

¢R, =0.75(84.84) = 63.6 kips
Slip-critical strength: Since slip is being treated as a serviceability limit state, ¢=1.0.

OR, = 1.0(44.28) = 44.3 kips
Bearing strength:

R, =0.75(135.4) = 102 kips

Tension on the gross area:
o.P,=0.90(108.0) = 97.2 kips

Tension on the net area:

#ba =075(123.3) = 92.5 kips Design strength = 44.3 Kips.
Block shear strength:

Dr. Hasan Katkhuda

¢Rn = 0‘75(1 19 1) = 89'3 kips Steel Design




Design Example

The C8 x 18.7 shown in Figure 7.15 has been selected to resist a service dead load of
18 kips and a service live load of 54 kips. It is to be attached to a %-inch gusset plate
with 74-inch-diameter, A325 bolts. Assume that the threads are in the plane of shear
and that slip of the connection is permissible. Determine the number and required lay-
out of bolts such that the length of connection L is a minimum. A36 steel is used.

%"PL
C8 x18.7
D =18k
> = 54k
/
L
f————

Dr. Hasan Katkhuda
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Design Example

Shear:

_n(1/8)’
4
R, = F, A, = 48(0.6013) = 28.86 kips/bolt

A, =0.6013 in.2

Bearing: The gusset plate is thinner than the web of the channel and will control. As-
sume that along a line parallel to the force, the length L. is large enough so that the
upper limit will control. Then

R, =24dF, = 2.4[%}(—;—](58) = 45.68 kips

and shear controls. The bearing strength will need to be verified once the actual bolt
layout is determined.

Dr. Hasan Katkhuda
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Design Example

The factored load is
1.2D + 1.6L = 1.2(18) + 1.6(54) = 108.0 kips

The design strength per bolt, based on shear, is
oR, =0.75(28.86) = 21.65 kips
The number of bolts required is

_108_ =4.99 bolts

21.65

Dr. Hasan Katkhuda
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Design Example

P,=F,A, =36(5.51)=198.4 kips
The design strength is

¢,P,=0.90(198.4) = 179 kips
Tension on the effective net area:

7

A, =551~ 2[-§+ ](0.487) =4.536 in.”

1
8
A, = AU = 4.536(0.60) = 2.722 in.?
P, = F,A, = 58(2.722) = 157.9 kips
¢,P, =0.75(157.9) =118 kips  (controls)

Dr. Hasan Katkhuda
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Design Example

Minimum spacing = 2.667 [gj =2.33 in.

From AISC Table J3.4,
Minimum edge distance = 1'% in.

l/”
/

-<—>—

1/2 rr
—-’/
— | | 1w
—_— - | —— Dr. Hasan Katkhuda
Steel Design

Design Example

7.1 _15.

h=d+—=—+— in
16 8 16 16

For the holes nearest the edge of the gusset plate

LC=L,—-121-—1 125~%—06563

R, =1.2L,F, —12(06563)( J(ss)_n 13 kips

Upper limit = 2.4diF, = 24[§J(§J (58)

= 45.68 kips > 17.13 kips -, use R, =17.13 kips for this bolt

Dr. Hasan Katkhuda

Steel Design
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Design Example

For the other holes,

Lo=s—h=25-2_1563in.
16

R, =12LF, = 1.2(1.563)'(%} (58) = 40.79 kips

Upper limit = 2.4dtF,

= 45.68 kips > 40.79 kips -.use R, =40.79 kips for this bolt

The total nominal bearing strength for the connection is
R, =2(17.13) + 4(40.79) = 197.4 kips

The design bearing strength is
@R, =0.75(197.4) = 148 kips > P, = 108 kips  (OK)

Dr. Hasan Katkhuda

Steel Design

Design Example

Shear areas:
A, =2% g (2.5+2.5+1.125) = 4.594 in.”
A, =2x 3[6.125 ~2.5(1.0)]=2.719 in.?
Tension area:

A, = 5(3— 1.0) = 0.7500 in.?

Rn = 0-6FuArw + UbsFuAm
=0.6(58)(2.719) + 1.0(58)(0.7500) = 138.1 kips

with an upper limit of

0.6F,A,, + U,F,A, =0.6(36)(4.594) + 1.0(58)(0.7500) = 142.7 Kips

yoogy

Dr. Hasan Katkhuda
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Design Example

The nominal block shear strength is therefore 138.1 kips, and the design strength is

@R, = 0.75(138.1) = 104 kips < 108 Kips (N.G)

1 3
4 o o o A
]
..
L—/)l
//‘ |
| | 37 | 3 | L
J—— Iq_

Dr. Hasan Katkhuda
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Design Example

¢Rn = 075(06F;:Anv + Ub.c E:Am‘)

= 0.75[0.6(58)4,, +1.0(58)(0.7500)] = 108 kips
Required A, = 2.888 in.”
A, = g[s +5+1.125-2.5(1.0)](2) = 2.888 in.”
Required s = 2.61 in. souses =3 in.

Compute the acthal block shear strength.

A, :2x§(3+3+1.125) =5.344 in

A, =5.344 - %(2.5 % 1.0)(2) = 3.469 in.”

¢Rn = 075(06E¢Am + UhsFuAm)
=0.75[0.6(58)(3.469) + 1.0(58)(0.7500)] = 123 kips > 108 kips (OK)

wda

| ‘Steel vesign
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Design Example

Check the upper limit:
¢[0.6F A, + U,F,A,] =0.75[0.6(36)(5.344) + 1.0(58)(0.7500)]
=119 kips < 123 kips
Therefore, the upper limit controls, but the strength is still adequate.
Using the spacing and edge distances selected, the minimum length is, therefore,

L= 1% in. at the end of the channel
+ 2 spaces at 3 in.
+ 1Y in. at the end of the gusset plate
=8V in. total

Dr. Hasan Katkhuda
Steel Design

Bolts Subjected to Shear and Tension

e The vertical component f the force will put the bolts in
shear, while the horizontal component will cause
tension on the bolts.

A d

3 WT10.5x 31 [
R‘;‘ 4 oflo

) 4t
4 1‘\ o] [}
60*
A
W14 x 90

Dr. Hasan Katkhuda
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Bolts Subjected to Shear and Tension

e Bearing Type connection:

fi I

Fy

fv F,

Dr. Hasan Katkhuda

Steel Design

Bolts Subjected to Shear and Tension

Fn!

F, =13F, -

ny

where
F, =nominal tensile stress in the presence of shear
F,. =nominal tensile stress in the absence of shear

nt

F,, =nominal shear stress in the absence of tension
f, =required shear stress

Bearing-type connections:
I. Check shear and bearing against the usual strengths.
2. Check tension against the reduced tensile strength usi

f,<F, where ¢=0.75.

Dr. Hasan Katkhuda
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Example (Bolts Subjected to Shear and
Tension)

A WT10.5 x 31 is used as a bracket to transmit a 60-kip service load to a W14 x 90
column, as previously shown in Figure 7.30. The load consists of 15 kips dead load
and 45 kips live load. Four “4-inch-diameter A325 bolts are used. The column is of
A992 steel, and the bracket is A36. Assume all spacing and edge-distance require-
ments are satisfied, including those necessary for the use of the maximum nominal
strength in bearing (i.e., 2.4dtF,), and determine the adequacy of the bolts for the fol-

3 WT10.5 x 31 I
T\4—\\‘{ ) oflo
A | | — 4w
q l‘\ o | o
60% ’\,
W14 x 90 Dr. Hasan Katkhuda

Steel Design

Example (Bolts Subjected to Shear and
Tension)

Compute the nominal bearing strength (flange of tee controls).

R, =24diF, =24 [%J(0.615)(58) =74.91 kips

Nominal shear strength:
2
&=EQFL=&mBhﬁ

R, = F, A, = 48(0.6013) = 28.9 kips

P,= 12D+ 1.6L = 1.2(15) + 1.6(45) = 90 kips

Dr. Hasan Katkhuda

Steel Design
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Example (Bolts Subjected to Shear and
Tension)

The total shear/bearing load is
V,= %(90) =54 kips

The shear/bearing force per bolt is

Vibor = ?= 13.5 kips

The design bearing strength is

R, = 0.75(74.91) = 56.2 kips > 13.5 kips (OK)
The design shear strength is

R, =0.75(28.9) = 21.7 kips > 13.5 kips (0OK)

Dr. Hasan Katkhuda
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Example (Bolts Subjected to Shear and
Tension)

The total tension load is
4 .
T;‘ = 3‘(90) =72 k]ps

The tensile force per bolt is

, F
Ear = 13Fm - ¢;: fv s-F.ru

ny

where
F,,= nominal tensile stress in the absence of shear = 90 ksi
F,,= nominal shear stress in the absence of tension = 48 ksi

Dr. Hasan Katkhuda
Steel Design
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Example (Bolts Subjected to Shear and
Tension)

90
0.75(48)

F, =1.3(90) - (22.45) = 60.88 ksi < 90 ksi

The nominal tensile strength is
R, =F;,A,=60.88(0.6013) = 36.61 Kips
and the available tensile strength is

¢R,=0.75(36.61)=27.5kips > 18 kips  (OK)

Dr. Hasan Katkhuda
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Bolts Subjected to Shear and Tension

e Slip critical connections:

T

P

*~ " DTN,

u

where
T, = total factored tensile load on the connection

D, =ratio of mean bolt pretension to specified minimum pretension; default
value is 1.13

T, = prescribed initial bolt tension from AISC Table J3.1

N, = number of bolts in the connection

Slip-critical connections:
1. Check tension, shear, and bearing against the usual strengths.

2. Check the slip-critical load against the reduced slip-critical strength. Dr. Hasan Katkhuda

Steel Design
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Example (Bolts Subjected to Shear and
Tension- slip critical connection)

A WT10.5 x 31 is used as a bracket to transmit a 60-kip service load to a W14 x 90
column, as previously shown in Figure 7.30. The load consists of 15 kips dead load
and 45 kips live load. Four 7-inch-diameter A325 bolts are used. The column is of
A992 steel, and the bracket is A36. Assume all spacing and edge-distance require-
ments are satisfied, including those necessary for the use of the maximum nominal
strength in bearing (i.e., 2.4dtF,), and determine the adequacy of the bolts for the fol-

h y

3 WT10.5 x 31 I
W\4_\\\{ b oo

___AR_.—l. ....._I__
4 p‘\ oflo
60*
4
W14 x90 Dr. Hasan Katkhuda
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Example (Bolts Subjected to Shear and
Tension- slip critical connection)

R, = uD,h, TN, x 4=0.35(1.13)(1.0)(39)(1) x 4 = 61.70 kips
¢R, = 1.0(61.70) = 61.70 kips

L _, T
DT,N,  113(39x4)

k, =1 =0.5916

£

The reduced strength is therefore
k(61.70) = 0.5916(61.70) = 36.5 kips < 54 kips (N.G))

The connection is inadequate as a slip-critical connection.

Dr. Hasan Katkhuda
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Eccentric Connections (Shear Only)

o Elastic Analysis:

Dr. Hasan Katkhuda
Steel Design

Eccentric Connections (Shear Only)

o Elastic Analysis:

P

s g/)

e}
- o
(=]
a

+
\Q

Q
)
/f

\/ ° M=Pe

s &

R
s \/E A,

(a) (b)
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Eccentric Connections (Shear Only)

p.=P/n,
Md
T

where
d = distance from the centroid of the area to the point where the stress is being

computed
J = polar moment of inertia of the area about the centroid

e fv: Shearing stress in each bolt.

Dr. Hasan Katkhuda
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Eccentric Connections (Shear Only)

J =3 Ad> = AY d*

Md
Md Md
= A = A =
Pm f, AZdz Zdz

P P)
Pex 71 and Pey = 7)

Dr. Hasan Katkhuda
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Eccentric Connections (Shear Only)

_ Mx
Py = 3G+ )%
P, <=
| and the total fastener force is
1
[}
; p = p) + (Ep)
P P,
S = S0P 4y L Px = Pex * P
= + -
(x ) z Py = Pey t Pmy
b= ¥ _y Md _y Md _ My
mx d Pm d Zdz d Z(XZ + y2) E(Xz + y?.)

Dr. Hasan Katkhuda
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Example (Eccentric Connections (Elastic
Analysis)

Determine the critical fastener force in the bracket connection

A2

|
|
|
T
3 !
L o :| o
3 Hi
o H o
3 ollo
5m ”
ol o
3n !1
|
I
I

Si4n 12"
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Example (Eccentric Connections (Elastic
Analysis)

2(5) +2(8) + 201 _
8

6 in.

y =

1 . 2 .
= =722 d p, = —=(50) = 44.72 kips
P, NG (50) = 22.36 kips «~ and p, NG (50) p

M =44.72(12 + 2.75) — 22.36(14 - 6) = 480.7 in.-kips (clockwise)

P, =22.36*
o o
o o P, = 44.72%
14"
A ° + o
yTo
———L [] <]
2.75" 12

Dr. Hasan Katkhuda
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Example (Eccentric Connections (Elastic
Analysis)

Pex = % = 2.795kips <~ and p,. = % = 5.590 kips {

T(x? + ) =8(2.75)% + 2[(6)* + (1)* +(2)* +(5)*1=192.5 in.?

My  480.7(6)

T4y 1925
Mx  480.7(2.75)

Y24y 1925

Y p, =2.795+14.98 = 17.78 kips «

3 p, =5.590 + 6.867 = 12.46 kips |

= 14.98 kips «

Puy =

=6.867 kips 4

p=+(17.78)* + (12.46)* = 21.7 kips

Dr. Hasan Katkhuda
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Eccentric Connections (Shear Only)

e Ultimate Strength Analysis:

Fastener n

Dr. Hasan Katkhuda
Steel Design

Eccentric Connections (Shear Only)

The bolt force R corresponding to a deformation A is
R =Ry (1 - et

where
R,,;; = bolt shear force at failure
e = base of natural logarithms
u = a regression coefficient = 10
A = aregression coefficient = 0.55

1. At failure, the fastener group rotates about an instantaneous center (IC).
2. The deformation of each fastener is proportional to its distance from the IC
and acts perpendicularly to the radius of rotation.
3. The capacity of the connection is reached when the ultimate strength of the
fastener farthest from the IC is reached.

Dr. Hasan Katkhuda
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Eccentric Connections (Shear Only)

r

A=——A

Fmax

r
max = — (0.34)

rmax

where
r = distance from the IC to the fastener
rmax = distance to the farthest fastener
A ax = deformation of the farthest fastener at ultimate = 0.34 in. (determined

experimentally)
R,=>Rand R, = 2R
: r r
IF =) ®R)-P =0
n=1 m
Mc =Py +e) =Y (r, xR) =0 ZEV:Z(R)’)H_RV:O

n=1

Dr. Hasan Katkhuda
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Example (Eccentric Connections (Ultimate
Analysis)

The bracket connection shown must support an eccentric load con-
sisting of 9 kips of dead load and 27 kips of live load. The connection was designed
to have two vertical rows of four bolts, but one bolt was inadvertently omitted. If
74-inch-diameter A325 bearing-type bolts are used, is the connection adequate? As-

sume that the bolt threads i ear. Use A36 steel for the bracket,
A992 steel for the W6 x 25,

|

|

3 5"

—Qk
e

o

[+]

I
|
o
=
i
o 'II )
|
3@3r1 |
o :|
i 4 BL
— 0o |
2” !I
i
1
1l

l W6 x 25 Dr. Hasan Katkhuda
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Example (Eccentric Connections (Ultimate
Analysis)

Compute the bolt shear strength.

2
Ay = @ =0.6013 in.?

R, = F,,A, = 48(0.6013) = 28.86 kips
For the bearing strength, use a hole diameter of
1 7 1 15.
h=d+—=—+—=—in.
16 8 16 16
For the holes nearest the edge, use

h 15/16
2

L=L-==2- =1.531in.
2

Dr. Hasan Katkhuda
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Example (Eccentric Connections (Ultimate
Analysis)
| The strength of the W6 x 25 will control.
R, =1.2L.tF, =1.2(1.531)(0.455)(65) = 54.34 Kips
Upper limit = 2.4dtF, = 2.4 (%](0.455)(65)
=62.11kips > 54.34 kips .. use R, = 54.34 kips for this bolt

For the other holes, use s =3 in. Then,

L=s—h=3-2_2063in.
16

R, =1.2 LtF, =1.2(2.063)(0.455)(65) = 73.22 kips
2.4diF, = 62.11 kips < 73.22 kips .. use R, = 62.11 kips for these bolts

Both bearing values are larger than the bolt shear strength, so the nominal shear
strength of R, = 28.86 kips controls.

vr. Hasan Katkhuda
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Example (Eccentric Connections (Ultimate
Analysis)

- >

Ty

A
Y

Dr. Hasan Katkhuda
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Example (Eccentric Connections (Ultimate
Analysis)

Origin at
Bolt 1 Origin at IC
Fastener  x’ y’ X y r A R R Ry
1 0.000 0.000 0.285 -3.857 3.868 0255 70.774 273.731 5.221
2 3.000 0.000 3.285 -3.857 5.067 0.334 725563 367.598 47.045
3 0.000 3.000 0.285 -0.857 0.903 0.060 47.649 43.046 16.050
4 3000 3.000 3285 -0.857 3.395 0.224 69.6563 236.188 67.310
5 0.000 6.000 0.285 2143 2.162 0.143 63.631 137.555 8.398
6 3.000 6.000 3.285 2143 3922 0.259 70.891 278.061 59.377
7 0.000 9.000 0.285 5.143 5.151 0.340 72.631 374.107 4.023
Sum 1710.287 206.424

Dr. Hasan Katkhuda
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Example (Eccentric Connections (Ultimate
Analysis)

P(ry +e) = 1R
SR 171029

- = 206.424 kips
m+e 157104 + 6.71429

P=

2 F, =X R, — P = 206424 - 206.424 = 0.000

P R =206.4 {ﬁ) =80.50 kips
74 74

The design strength of the connection is

0.75(80.50) = 60.4 kips > 54 kips (OK)

Dr. Hasan Katkhuda
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Example (Eccentric Connections,
Ultimate Analysis, Tables)

e Bolts are 34 inch
e A325 bearing with threads in plane of shear.
e Bolts are in single shear.

A
T
Y

1[0 o
3"
3+|o o
3’.’
+ 1 lo o

2

4 N L Dr. Hasan Katkhuda
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Example (Eccentric Connections,
Ultimate Analysis, Tables)

This connection corresponds to the connections in Table 7-8, for Angle =0°. The ec-
centricity is

e,=8+15=95in.
The number of bolts per vertical row is
n=3
From Table 7-8,
C=1.53 by interpolation
The nominal strength of a ¥-inch-diameter bolt in single shear is
r,=F,A;=48(0.4418) = 21.21 kips

(Here we use r, for the nominal strength of a single bolt and R, for the strength of
the connection.)

The nominal strength of the connection is

R, = Cr, = 1.53(21.21) = 32.45 kips ¢R, =0.75(32.45) = 24.3 kips.

atkhuda
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