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Steel Construction Steel Construction
+ standard rolled shapes  welding

» open web joists * bolts

* plate girders
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Steel Construction Steel Materials
o « high strength to

4

« fire proofing
— cementicious spray weight ratio &
— encasement in gypsum « ductile £
— intumescent — expands « beam size ’”
with heat often limited by
— sprinkler system deflection

. . UNIT LE)
CO I u m n S I Z e Figure 5.22  Stress-strain diagram for mild steel (A36) with key
. . points highlighted. ’
limited by
slenderness
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Steel Beams Steel Beams
- . types
—wide flange

» types
— manufactured shapes

\
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~weld o o : http://nisee.berkeley.edu/godden
(b)
castellated
/mde flange section
= - | -

Rolled beam (W section).

(c) (d)
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Steel Beams

* types
— open web joists
(manufactured
trusses)

top chord ~
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>
bottom chord —~
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Steel Beams

—
VeI IIddddd bbb ddddd bbb

[

1
1

Architectural Structures Il F2007abn
Lecture 20 ARCH 631

stiffeners

at end http://nisee.berkeley.edu/godden

(IR

N

? plate web \angle stiffeners ¢

thicker flange 1
in center where
moment is greatest
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where
shear is
greatest
and at
support

stiffeners to prevent lateral buckling

Steel Beams

* types (more)
— plate girder
— decking

Plates welded
or bolted
to beam

r_) A (a) Light-gage steel beam, (h) Cover plated beam.
| - |
RSB EITRB,,
y B <]
f = =
L’ A ————~<—Flange plate
(] Le— Web plate
Fillet welds
Groove welds

(d) Welded girder. {e) Welded box girder.
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Steel Beams

« lateral stability - bracing
* local buckling - stiffen

Compression

flange fnrms\

waves

Compression flange
has vertical
displacement alternating

side-to-side

Lacal buckling of compression flange.
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Local Buckling

d Steel I beams Flange buckling failure
« flange

— buckle in
direction of

smaller radius v

of gyration

« web | g
l%S‘uppori

F——- Crushing
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Shear in Web

* panels in plate girders or webs with large shear
* buckling in compression direction
 add stiffeners

in Ronges

(b) Shear Buckling

stiffeners to prevent lateral buckling
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Local Buckling

e Eeaie, 1o e pnd g i Sate
okling Limit Nate
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Steel Beams
* end conditions
T
+ a) away from
connection - full
section effective eeen
+ b) high shear —
only web
effective ®) e A
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Steel Beams

* end conditions

* C) bolt holes —
less material

* d) local web
buckling
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Steel Beams

e connections
— welds

— bolts @
\42;w7~m— a—

3 |
BOT FLG SV = - — -¢—_.,
i — _'TZ?C; sl
I =/ RV, 1 sTieF "
| i I SPEC 10R ——dh—i
1 N | | I ONLY I|
| | i
| 516 /—4}— \ BT/8"d A325-X
X | 56 1 L (SPEC 1)
SPECIMEN S | ¢ §=LsPiEC 10 & 1o | 817 A154-BD
WIxd6 ! WIBxA0 (SPEC 10R)
I J.4 ! —
| I 'L_¢
r el =115
| T R ralnamet
I HEN 15
I __Ll } |
o 1 i
13700 3 I3 2204
Steel Construction 19 Architectural Structures Il F2007abn
Lecture 20 ARCH 631

Steel Beams

* bearing WJIL @

— provide

| “,T_ \"\.\ _#*N S
adequate ———— —WJW
area LT o © L]

— prevent Y . K
local yield = *_ﬂ- T
| e mme —
of flange r—_ﬁ L [wese || ]
and web L2 L b 4
| ‘ ﬁrkk » A Effective 1;7”1 '? “k
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(d)

Figure 8.10 Considerations for bearing in beams with thin webs, as related to
web crippling (buckling of the thin web in compression)
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Steel Design — Open Web Joists

o SJI:

* Vulcraft:

— K Series (Standard)
+ 8-30”deep, spans 8-50 ft

— LH Series (Long span) =
» 18-48” deep, spans 25-96 ft

— DLH (Deep Long Spans)
» 52-72” deep, spans 89-144 ft

— SLH (Long spans with high strength steel)

* pitched top chord s —

+ 80-120” deep, spans 111-240 ft V""""V
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Steel Design — Open Web Joists Steel Design — Open Web Joists

STANDARD LOAD TABLE/OPEN WEB STEEL JOISTS, K-SERIES I RFD
Based on a Maximum Allowable Tensile Stress of 30 ksi
Toist STANDARD LOAD TABLE FOR OPEN WEB STEEL JOISTS, K-SERIES
Desration | 81 || 10Kt || 12K | t2K3 | 12ks ([ 14k | taws | taka | 1aks || 1ek2| 16K3 | 16Ka | 16K5 | 16KE | 16KT | 16Ko Based on a 50 ksi Yield Strength - Loads Shown in Pounds per Linear Foot (pif)
Depth (in.) 8 10 12 12 12 14 14 14 14 15 18 18 15 18 18 18 Desf;‘f;hm 8K1 10K1 | 12K1  12K3 12K5 | 14K1 14K3 14K4 | 14K6 | 16K2 | 16K3 16K4 = 16K5 | 16K6 & 16K7 & 16K9
A?ggfr'l_‘{“ 51 so || s0 | 857 | 71 52 | 6o | 87 | 77 || 55 | 83 | 7o | 75 | 81 | 88 | 100 Depth (in.) 0 16 7 7 7 T4 T Ti ] 7 0 T 1 5
Spaa [(®] Aﬁg’:rh ;Nl 5.1 5.0 5.0 57 71 52 6.0 6.7 77 55 6.3 7.0 75 8.1 86 10.0
8 550 H Span (ft)
- 8 load for live load il . .
= L N load for live load deflection
S deflection limit in RED - :
2 U NE limit (L/360) in
1T 532 550 . 480 550
il B total in BLACK W e e
i) 244 [| 7550 [| 550 | 550 | 550 ar7 || sa2 I H
2ps || g5 550 | 550 12 666 || 825 total in BLACK
T T 25 550 | 550 288 55 | 5 55
25 [ 383 || 510 | 510 | 510 13 565 | 718
i 24 || 412 | 500 | 550 | & Z0 | 550 | 550 | 550 225 63
] 289 428 2 48 50 EEO 20 ggB 14 486 618 825 825
5 BT ([ 350 ([ 494 S 550 i 0 550 79 || 289 550 | 580
i O B B B e o e 550 [ 5 TE0 | 550 | 550 | 550 ® 155 || 33 s7 | 567
7 7 4 3 5
19 |l 3o 06 | 7 | sa7 | O O 1 369" 469 826 || e B | EX AR
7 2 S0 1550 1512 013 550 01 950 1 550 7 a1s 825 825 | 768 | 825 25 a2s 825
159 || 232 | 291 | 366 || 394 | 44 | 243 | 423 || 4sa | 508 | s06 | 526 | 526 | o6 | 5%6 ] 343 | 443 || 488 | ss6 | eoe 558 | 528
8 T4 T 507 44717530 550 550 550 | 550 | 550 18 369 795 825 | 684 762 825 25 | 825
124 || 19 45 | a7 | 2 330 L a7 1age 140 1ags | 400 |00 |4on |gop L dog 154 397 | 408 || 409 36 50 a9 | 490
i 221 S5 T 4B T 315 4751550 T 408 T 550 19 331 712 | 825 | 612 682 820 825 | 825
113 || 167 | 207 | 260 || 230 | 587 | 336 | 383 || 347 | 385 | 450 | 455 | 455 | 455 | 455 113 33 | 383 | 347 | 386 | 452 455 | 455
0 = 112 02 4 %2-7! 356 | _42§ .535 & Tg a7, 550 | _fb'ﬁ 339 550 | 20 2% g4z | 787 2 | 815 70 g5 | e
1] 97 7 7 297 3 86 26 426
il g T3 %7‘8 5T 3’3_ 475 %5% 371 %g g%'g _552 550 ‘%8_ 21 582 712 499 556 670 822 825
123 | 453 | 198 || 170 | 215 | 248 | 200 || 255 | 285 | 233 | ava | 405 | 406 | 406 248 | 299 || 265 | 285 | 333 405 | 408
Z 1 745 | 337 734 | 293 | 353 303 | 337 | 406 | 458 | 498 | 550 | 550 22 5: 648 454 | 505 609 747 | 825
% a2 | ] 147 | 184 15 59 22 | par | 280 251 5 215 | 250 222 | 247 289 as1 385
3 181 227 [ 308 ([ 214 | 288 [ 322 | 25 || 277 [ 208 [ 271 [ 418 [ 455 | 507 | 550 = 2 HEAE-AECIEAR- - B -
) 93 | 116 | 150 128 | T8 188 | 225 194 | 216 | 252 | 282 | 207 | 339 | 363 : 25 100 pa_|_.220 19 | 216 | 292 or |59 |96
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Steel Beam Design Steel Beam Design

 American Institute of Steel Construction « AISC: 14t ed.
— steel grades o — combined ASD & LRFD
« ASTM A36 — carbon 8 in one volume in 2005

— plates, angles
- F,=36ksi &F,=58ksi

STREL
@

MANUAL

AMERICAN DSTITVTE

* ASTM A572 — high strength low-alloy

oy

ORSTRLCTION

s R

— some beams
—Fy:60ksi & F, =75 ksi
* ASTM A992 — for building framing
— most beams
- F,=50ksi &F,=65ksi

Steel Construction 24 Applied Architectural Structures F2012abn

Steel Construction 22 Architectural Structures Il F2007abn Lecture 21 ARCH 631

Lecture 20 ARCH 631



Unified Steel Design

« ASD RaSRn/Q

— bending (braced) 02=1.67
— bending (unbraced”) ©=1.67
— shear 02=150r1.67
— shear (bolts & welds) ©2=2.00
— shear (welds) 02=2.00

* flanges in compression can buckle
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LRFD Steel Beam Design

Unified Steel De§ign

* limit state is yielding all across section
« outside elastic range
* load factors & resistance factors

£

|
|
|
|
|
|
1
y

g, =0.001724
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bkl Table 3-10 (continued)
b —
* bracedvs.  [dnra W Shapes
ip-1 ip- .
A:n u?’FE‘ Available Moment vs. Unbraced Length
5 B! 11 T v T re
unbraced [ w ATy ] R O
= 1
a 116 174 1+
£
w
=
:
12 168
=
2| 108 | 162
T
E 104 | 156
E
=
®
-1
2
5 100 150
Unbraced Length (0.5-ft increments)
AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC
Steel Construction 26 APPISU AlLIIELW QY SuULwieSs  rzuicawn
Lecture 21 ARCH 631

Load Types

D =dead load

L = live load

L, = live roof load

W = wind load

S = snow load

E = earthquake load
R = rainwater load or ice water load
T = effect of material & temperature

Figure 1,13 Wind loads on a structure,
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LRFD Load Combinations A(ggfd)?

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

1.2D + 1.6(L, or S or R) + (L or 0.5W)
1.2D +1.0W + L+ 0.5(L, or Sor R)
1.2D+1.0E+L+0.2S RS
0.9D + 1.0W s B
0.9D + 1.0E

* F has same factoras D in 1-5 and 7
* H adds with 1.6 and resists with 0.9 (permanent)
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Internal Moments - at yield

« material hasnt failed el
(\_/:/'- ’\\\
RS
11X
I bh 2 I \‘ : “Y\\
YT N
Yy C y 6 y [1\& ’} \\\\\'i'\
~ b(2c) ¢ _2bc’

Steel Construction 30 Architectural Structures Il F2007abn
Lecture 20 ARCH 631

Pure Flexure

>y,R =M, <4M, =0.9F,Z

M, - maximum moment

@, - resistance factor for bending = 0.9
M, - nominal moment (ultimate capacity)
F, - yield strength of the steel

Z - plastic section modulus*

Steel Construction 29 Architectural Structures 1l F2007abn
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Internal Moments - ALL at yield

« all parts reach yield
* plastic hinge forms
* ultimate moment

« A =A

tension compression

2
M, =bc’f, =3/ M,

,=0001724~ °©
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n.a. of Section at Plastic Hinge

« cannot guarantee at
centroid

. fy_Alz fy_A2
* moment found from

yield stress times
moment area

M, = f,Ad = f, = Ad,

Steel Construction 32 Architectural Structures Il F2007abn
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Plastic Hinge Examples

Plastic Hinge Development

« stability can be effected

NN

>
O
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Plastic Section Modulus

« shape factor, k o M :
= M,

= 3/2 for a rectangle

~1.1foran | % k:%

« plastic modulus, Z 7 = —F
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Shear

SR =V, < 4V, = 1L0(0.6F,, A,)

V, - maximum shear

@, - resistance factor for shear = 1.0

V, - nominal shear

F,w - Yield strength of the steel in the web
A, - area of the web =t d

Steel Construction 36 Architectural Structures Il F2007abn
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Compact Sections

* plastic moment can form before any
buckling

TABLE A.3 Properties of W Shapes

Flexure Design

« limit states for beam failure
1. vyielding Lp = 1.7613,\}
2. lateral-torsional buckling*
3. flange local buckling
4. web local buckling

oy |\ 571 ]

* minimum M, governs

Z7/iRi :Mu S¢an
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Lateral Torsional Buckling

* criteria B ek
T e
by
-—<0.38 I e
2t =
v | %
@ 376 |= i
—an < 3. —
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M : — Cb[ moment based on ] S M

lateral buckling

p

C, - 12.5M .,
2oM, ., +3M,+4M; +3M.
C,, = modification factor
M, .« - Imax moment|, unbraced segment
M, - [moment|, 1/4 point ‘
Mg = |moment|, center point e

Mc = [moment|, 3/4 point ——
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Beam Design Charts Deflection Limits

] Table 3-10 (continued)

- W Shapes | - based on service condition

| ot e s Utwess Ll * no “impairment” to serviceability
‘B .  avoid ponding
 L/360 due to live load for beams &
= " girders supporting plaster (service)
| ‘ Faooran

Steel Arches and Frames Steel Shell and Cable Structures

» solid sections

or open web "

recdom Steal

http://nisee berk\ey.edu/godden
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Unified Column Design

Unified Column Design

D /
« limit states for failure ™
P, < A)

=00 P=FA  p _yp

1. yielding Kt <471 FE or F, >0.44F,
r

2. buckling *L 5 471 | = or F, <0.44F,

r
y
F. — elastic buckling stress (Euler)
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Procedure for Analysis

. P, =F A, F
for&<471 E F =|0658% |F

r y

y

—for KL 2471 |5 E F,=0.877F,
I
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1. calculate KL/r
« biggest of KL/r with respect to x axes and y axis

2. find F_ from appropriate equation
» tables are available
3. compute P, = F A,
« orfind f,=P,/A or P/A
4. isP, <P J/Qor P, <¢P,?
* yes: ok
» no: insufficient capacity and no good
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Lecture 21 ARCH 631

12



Procedure for Design Procedure for Design (cont’d)

1. guess a size (pick a section) 5. isP, <P /Qor P, <¢P,?
2. calculate KL/r © yesiok |
 biggest of KL/r with respect to x axes and y axis * no: pick a bigger section and go back to step 2.
3. find F,, from appropriate equations 6. check design eff|C|encI):/)
» orfind a table r
« percentage of stress="__° 100%

4. compute P, = F A,

c
+ orfindf,=P,/AorP/A

* if between 90-100%: good

+ if <90%: pick a smaller section and
go back to step 2.
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Column Tables Beam-Column Design

« moment magnification (P-A)
Table 4-1 (continued)

F - 50 kei Available Strength in C
= Sl . - .
Y Axial Compression, kips M =BM B, = m
W Sh u 1""" max- factored 1 1—-(P /P
~(R/Py)
Shape Wi2x
Wt % 87 L 72 85 C,, — modification factor for end conditions
ueslgn Pn'ﬁlf.‘ ¢CPH F"fQ‘. ‘DL'PII‘ PI'IILIL‘ ‘DFPI'I 'PIIJSIG ¢F'ﬂl Pﬂ"’! 26‘ %P,,
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD =0.6 - 0-4(M1/M2) or
0[S 1270 RS 1150 SRR 100 A ' D o0 0.85 restrained, 1.00 unresrained 2 A
6 811 | 1220 | 735 | 1110 | 667 | 1000 | 607 | 913 | 548 | 24 ] P T
> |7 800 | 1200 | 725 | 1090 [ 657 | 987 | 598 | 899 | 540 | 81 _ =
g 8 787 | 1180 | 713 | 1070 | 646 | 971 | 588 | 884 | 531 798 Pel EUIer bUCklmg Strength el
] 9 772 | 1160 | 699 | 1050 | 634 | 952 | 577 | 867 | 520 | 782 K |
3 |10 756 | 1140 | 685 | 1030 | 620 | 932 | 565 | 849 | 509 | 765
5 |1 739 | 1110 | 669 | 1010 | 606 | 910 | 551 | 828 | 497 | 747 r
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Beam-Column Design

Construction Supervision

* LRFD (Unified) Steel

M
—for Brsgpr R 8 Mu My
Pc ¢an 9 ¢anx %Mny

—for B g2. R +[Mx M“VJSLO

b
¢b M nx ¢b M ny
P, is required, P, is capacity
¢, - resistance factor for compression = 0.9
¢, - resistance factor for bending = 0.9

PC 2 ¢c I:)n
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<1.0

* proper grade material
— high strength bolts

* quality welds

* proper bolted
conditions (ex. sc)

» fabrication and erection
of steel frame
connection details
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