CE 415:Design of Steel
Structures

Course Teacher: Sinha Lamia Sultana




Recommended Text Book
[ Steel Structures, Design and Behaviour, Fifth Edition, 2009. Authors: Salmon, Johnshon and Malhas.
Supporting materials

1 Manual for Steel Construction, 14th Edition, 2011. Author: American Institute of Steel Construction (AISC).
O Design of Steel Structures, 3™ Ed., 1991, Authors: Gaylord, Gaylord and Stallmeyer, Publisher: McGraw-Hill



Steel Structures: Bridges

The Hardinge Bridge
Completed: 1912, Commissioned: 1915
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Steel Structures: Bridges
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Steel Structures: Lattice Towers

132kV 3-Phase Double Circuit Transmission Line
Rural Electrification Board, Sylhet
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Limit States:

J Strength Limit State- Flexure, Shear, Settlement, Bearing
J Servicibility Limit States — Cracking, Excessive Deflection, Buckling, Stability

(J Special Limit States- Collapse due to Earthquake effect, Structural effect of Fire, Explosion or
Vehicular Collision



Design Philosophy
A general statement assuming safety in engineering design is:
Strength/Resistance/Capacity > Effect of Applied Loads

Two Methods

O Load and Resistance Factor Design (LRFD)

Nominal Strength or Resistance: Rn

Resistance factor: ® <1

Design Strength : ®Rn

Factored Load (also called ultimate load): Ru (1.2 DL + 1.6 LL)
LRFD safety requirement: ®Rn >= Ru

 Allowable Strength Design (ASD)

Nominal strength or Resistance: Rn

Safety factor: Q >1

Design strength : Rn/Q

Required strength (also called allowable strength) : Ra (DL + LL)
ASD safety requirement: Rn/Q > Ra



Load Combinations

Load combination actually means combination of similar load
effects.

Load Effect Combinations for LRFD: Load Effect Combinations for ASD:
1. 1.4D 1. D

2. 1.2D +1.6L +0.5(L, or R) 2. D+L

3. 1.2D+1.6(L,orR)+ (1.0Lor0.8W) 3. D+L+ (L.orSorR)

4. 1.2D+1.6W + 0.5L + 0.5(L, or R) 4. D+ (Wor0.7E) +L + (L, or R)
5. 1.2D +1.0E + 0.5L 5. 0.6D+W

6. 0.9D + (1.6 W or 1.0E) 6. 0.6D+0.7E



Advantages & Disadvantages of Steel

L Advantages

1) High strength to weight ratio

2) Properties are uniform and homogeneous

3) High ductility, providing adequate warning before collapse

4) Can be easily recycled

5) Easy to fabricate & erect

6) Easy to inspect, repair or retrofit

7) Easy to make additions to existing structures because of relative ease of connections
8) Erection not affected by weather

( Disadvantages

1) Corrosion

2) Susceptibility to temperature
3) Susceptibility to buckling



Steel Shapes

[ Cold formed shapes
Cold formed shapes are manufactured by bending or folding or cold rolling mild
steel sheets of thickness 3 mm or less to the desired shape

L LL LI

(a) Channels (b) Zees (¢) I-shaped double
channels

S L] L

(d) Angle (e) Hat sections



O Hot rolled shapes
Hot rolled shapes are formed by heating steel billets to softer state and then passing the
billets through carefully shaped and aligned rollers to force the billet to achieve the desired

shape.
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(a) Round and rectangular (b) Cables composed {¢) Single and
bars, including eye of many small wires double angles
bars and upset bars
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plates
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(d) Rolled W- and (e) Structural (f) Built-up box

S-sections tee sections



Different Types of Structural Steel

Ky F, Maximum
Minimum Tensile thickness ASTM A6
yield stress strength for plates groups*
ASTM? ksi ksi in. for
designation (MPa)* (MPa)? (mm) shapes
A36 32 58-80 Over 8 _
(220) (400-550) (200)
36 58-80 To 8 All
(250) (400-550) (200)
AS572 Grade 42 42 60 To6 All
(290) (415) (150)
Grade 50 50 65 To4 All
(345) (450) (100)
Grade 60 60 75 To1l 1,23
(415) (520) (32)
Grade 65 65 80 To1l 1,2,3
(450) (550) (32)
A913 Grade 50 50 (345) 60 (415)
Grade 60 60 (415) 75 (520) All
Grade 65 65 (450) 80 (550)
Grade 70 70 (485) 90 (620)
A992 50 (345) 65 (450) All
Unit weight: 490 Ib/ft3
Young's Modulus: 29000 Kksi




EEL SHAPES

AISC ST

Flange
/ g

S J

W 14x132 8 —Web
A

A @ /Flange

[ & b }

weight, Ibs per linear ft.

— Size, approx. depth of section in inches

———— Wide flange shape (W shape).

AISC Steel Construction Manual, 13t Ed.

I[f l’l_lk
I ' Table 1-1 (continued) Table 1-1 (continued)
¢ xpx W Shapes W Shapes
. . - - -
; : Dimensions Properties
L W14 - W12
Web Flange Distance o Compact aode XX P Torslonal -
Area, | Depth, Thi ¢ Th k ork- || inal m rs | ho Propeciies
Shape | A d mliees,| & | WO, | Thickeess, ki able | we ! e
tw 2 by t Kaos | Koot Gage | b | a1 s [r] 2z I | s|r] 2
in2 in. in. in. in. in. in. | in. | in. [in | in._ |[(Ib/ft) 2% | & | in® | in3 |in. | in3 | int | in3 [ in. | in3 | in. | in. | int in8
Wi4x132 | 38.8 |14.7 [14%]0.645] %8 | 516 [14.7 [14%4]1.03 |1 1.63 (2%16 | 196 | 10 | 5Y2 ||132] 7.15[17.7 | 1530 | 209 | 6.28| 234 | 548 | 745 |3.76 (113 | 4.23[136 | 123 25500
x120 | 353 [14.5 |14'2{0.590| %6 | 6 [14.7 | 14%s|0.940 15| 1.54 |24 |17z 120| 7.80[193 | 1380 | 190 |[624[ 212 [495 |675|374(102 | 420135 [ 937 | 22700
x109 | 32.0 |14.3 |14%/0.525| 2 | Va [14.6 |14%:|0.860| /s |1.46 |25 |12 109| 8.49]21.7 | 1240 | 173 | 622 192 | 447 | 61.2 |3.73| 92.7 | 417|135 712 20200
x99' | 29.1 |14.2 [14'/8/0.485| V2 | Va [14.6 |14%.|0.780| % |1.38 (216 |17/16 99( 9.34/235 | 1110 [ 157 | 6.17) 173 | 402 | 552 |3.71| 836 | 4.14|134 5.37 18000
x90' | 265 [14.0 |14 |0.440] 7s | Ya [145 |14'2]|0710] "is|1.31 [2  |176 90(10.2 [259 | 999 | 143 |6.14| 157 |[362 | 499 [370( 756 | 411[133 | 406 | 16000




AISC STEEL SHAPES
L 8x8x3/,
Angle shape (L shape) J 0\ _
Size (width) of one leg, inch i thickness . 3
Size (width) of other leg, inch J \'

Thickness of legs, inch size

Sl1ze

AISC Steel Construction Manual, 13t Ed.

Table 1-7 Table 1-7 (continued)
B Angles Angles
: iz Properties Properties LB.L6
Axis X-X : Flexural-Torslonal Axis Y-Y Axis Z-Z 05
Area, Properties
Shape ol Rl ! s r ¥ Z |y J Cw | o | s r X V4 X I s r | tan |H=3

in. [/t|in2]| ind | in2 | in. | in. | in3| in. | int in® |in. || in® | in® | in. in in3 in. in* in2 in.

L8xBx1Ys | 1%s |569 (167 [98.1 |[17.5 (241 [240 |31.6 |1.05 |7.13 [325 42911 98.1 175 241 240 | 316 1.05 | 409 7.23 1.56 | 1.00 | 1.00
x1 1% |51.0 [150 |891 |158 |243 |236 |285 |0943|/508 |23.4 432 89.1 15.8 243 | 236 | 285 0.943 | 36.8 6.51 156 |1.00 | 1.00
xfs |1%2 [450 (132 |[797 |140 |245 |[231 |253 |0.832(346 |16.1 436\ 797 |14.0 245 | 231 | 253 0.832 | 327 578 157 |1.00 | 1.00
xY (1% |389 (114 |699 |122 |246 |226 |220 (0720|221 (104 439(1699 |[122 | 246 | 226 | 220 | 0720|285 504 | 157 |1.00 | 1.00
x¥s |14 |327 | 961 |596 |103 (248 [221 (186 |0.606|1.30 6.16 442|596 (103 | 248 | 221 186 | 0606|242 427 | 158 |[1.00 |0.997
x%s |13 |296 | 868 |542 | 933 |249 |219 [168 |0.548|0961 | 455 443|| 542 933 | 249 | 219 | 168 | 0548|220 388 | 158 |1.00 |0959
x%2 (1% |264 | 7.75 |48.8 836 |249 |[217 (151 (0.490)|0683 | 3.23 445|| 48.8 836 | 249 | 217 | 15.1 0.490 | 19.7 3.49 1.59 |1.00 | 0912




AISC STEEL SHAPES
C9x15

Channel shape (C shape) J | O
Size (depth), inch N
Weight, lbs per linear foot 7]
—
AISC Steel Construction Manual, 13t Ed.
N 1, iy
; i Table 1-5 Table 1-5 (continued)
X— X
| C Shapes C Shapes
R ' Dimensions Properties
'LJ_E‘_& C SHAPES
Web Flange Nom-|Shear Torsional Properties
o [ 2% e T i, | i s By [ | R s e
tw |2| b ty W le& T [ s]rlz] 1 [s]rlxlz]x H
in2 in. in. in. in. in. in. | in. [WAt) in. | ind |ind [in | ind | in [in? | in. | in. [ind| in | in® [ in® | In.
CH20 | 5.87( 9.00 9 (0.448| 76 | Va |265| 258 | 0.413| 716 | 0.848| 85920 |0.515| 60.9 |13.5 |3.22|169 | 2.41 |1.17 |0.640(0.583|2.46 |0.326|0.427 | 39.4 |3.46]|0.899
x15 | 441 9.00| 9 {0.285| 5. | Y16 | 249| 2'2 | 0.413| 716 | 0.824] 859(15 |0.681| 51.0 [11.3 |3.40(136 | 1.91 |1.01 |0.659|0.586|2.04 |0.245/0.208 | 31.0 |3.69]0.882
x134| 394| 900 9)0.233| Ve | Vs |243| 2% | 0.413| 716 | 0.813] 8.59(13.4 |0.742| 47.8 |10.6 |3.49(126 | 1.75 |0.954|0.666|0.601|1.94 |0.219(0.168 | 282 |3.79| 0.875
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