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Structural Steel

 standard rolled shapes
(W,C, L, T)

* tubing
* pipe
 built-up
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Design Methods (revisited)

* know
— loads or lengths

¢ select
— section or load

— adequate for
strength and
no buckling

Ty = 250 M Pa

E = 200 GPa
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Allowable Stress Design (ASD)

e AICS 9th ed

1:critical 1272-2E
Fa — p— 2
F.S. 23(K%)
e slenderness ratio ﬁl
I

—forkllr 2C.  =126.1 with F, = 36 ksi
=107.0 with F, = 50 ksi
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C. and Euler’s Formula
« Kl/r<C,

— short and stubby
— parabolic transition
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Kl/r > C,

— Euler’s relationship Kkl B
— < 200 preferred Ao
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C. and Euler’s Formula

|2

SHePT/ INTERMEDIATE
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Short / Intermediate

* LJr<C., r %
F, =1 (K/rz) i
2C2 |F.S.
— where ) )

FS.=2. ARV

3 8C,  8C?
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Unified Design

IN

. limit states for failure %2
¢C — 090 Pn — FcrAg u < ¢0Pn

1. yielding = <4.71 /FE or F, > 0.44F,

Pa
P

:
2. buckiing > 471 [ or F, <044F,
I

y
F. — elastic buckling stress (Euler)

ns
eeeeeeeeeeeeeeee



Unified Design

* F)n = I:(:rAg - N

for KL= F, =|0658% |F
r F,

— for & >4.71 /E F. =0.877F,
r Fy

— where - _ =
C Ky
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Procedure for Analysis

1. calculate KL/r
« biggest of KL/r with respect to x axes and y axis

2. find F_, (see Now) from appropriate equation

« tables are available Note: text uses F.

3. compute P, = F A, and old ¢= 0.85
4. ISP, <P /X orisP, <gP?
* yes: ok

* no: insufficient capacity and no good
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Procedure for Design

1.
2.

guess a size (pick a section)

calculate KL/r
* biggest of KL/r with respect to x axes and y axis
find F, or F, (see Note) from appropriate
equations
« or find a chart

compute P, = F_A

Note: text uses Fg
and old ¢= 0.85

9
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Procedure for Design (cont’d)

5. ISP, <P J/X?oris P, <¢P.?
* yes: ok
* NO: pick a bigger section and go back to step 2.

6. check design efficiency

D

- percentage of stress = —-100%

D
c

* If between 90-100%: good

* If <90%: pick a smaller section and
go back to step 2.
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Column Charts, ¢F .,

Available Critical Stress, @.F., for Compression Members, ksi (F, = 50 kst and ¢, = 0.90)

i For

KL/

@c ll1'T::l'

KL/

';‘j'r Fcr

KL/

450
450
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44.9
44.9
44.9
44.8
44.8
447
447
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44.5
44 4
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44.2
441
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437
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KL
1
2
3
4
5
6
7
8
9
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41
42
43
44
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47
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49
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53
54

a7
o8
59
60
61
62
63

39.8
39.6
39.3
39.1
38.8
38.5
38.3
38.0
37.8
37.5
372
36.9
36.6
36.4
36.1
35.8
35.5
35.2
349
34.6
34.3
340
33.7
334
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82
83
84
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86
87
88
89
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91
92
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94
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279
275
272
26.9
26.5
262
259
255
252
249
246
242
239
236
233
229
226
223
220
21.7
213
210
207

204
n -
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123
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154
15.2
14.9
14.7
14.5
14.2
14.0
13.8
13.6
13.4
13.2
13.0
12.8
12.6
12.4
12.2
12.0
11.9
1.7
11.5
11.4
11.2
11.0
10.9
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Column Charts

F, = 50 ksi

Table 4-1 (continued)
Available Strength in
Axial Compression, Kips
W Shapes

Wi2x

79

P/, | o,P,

ASD | LRFD
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694 1040

667 1000
657 987
646 971
634 952
620 932

606 910
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Beam-Column Design

* moment magnification (P-A)

M u BlM max— factored Bl — 1 ( Fc):m/ P )
Ty el

C,, — modification factor for end conditions
= 0.6 — 0.4(M,/M,, or
0.85 restrained, 1.00 unrestrained

2
P., — Euler buckling strength P = 7 EA

(K1)

Steel Columns 15 Elements of Architectural Structures S2013abn
Lecture 18 ARCH 614




Beam-Column Design

 LRFD (Unified) Steel
— for EZOZ I:)u _|_8[ I\/lux I\/lux jglo

— +
I:)c ¢an 9 ¢bM nx ¢bM nx
~for Tt (g Fu | M, My ) g
I:)c 2¢0Pn ¢bM nx ¢bM nx

P, Is required, P IS capacity
¢. — resistance factor for compression = 0.9
¢. — resistance factor for bending = 0.9
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Design Steps Knowing Loads (revisited)

1. assume limiting stress

* buckling, axial stress,
combined stress

solve forr, Aor S

pick trial section
analyze stresses
section ok?

stop when section is ok

o gk W
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Rigid Frame Design (revisited)

e columns In frames
— ends can be “flexible”

— stiffness affected by beams
and column = EI/L

— for the joint
* |.is the column length of each column
* |, Iis the beam length of each beam
* measured center to center
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Rigid Frame Design (revisited)

» column effective length, k

(a) (b)

Nonsway Frames Sway Frames
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