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Steel
e cast iron — wrought iron - steel
e cables

columns

beams

trusses
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Steel Construction

» standard rolled shapes
e open web joists

e plate girders |
» decking

_= Fillet welds
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Steel Construction

e welding
 bolts

flanges
connection connected
at web only (bolted web
{flanges not connection
connected) , to facilitate
' erection only}

SHEAR CONNECTION MOMENT CONMNECTION
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Steel Construction

e fire proofing
— cementicious spray
— encasement in gypsum
— Intumescent — expands

with heat
— sprinkler system
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Steel Materials

high strength to
weight ratio

ductile
beam size

often limited by
deflection

column size
limited by
slenderness

Figure 5,22 Stress-strain diagram for mild steel (A36) with key
points highlighited.
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Steel Beams

o types =
— manufactured shapes =
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Steel Beams

e types
— wide flange

=

Rolled beam (W section).
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Steel Beams

e types

— open web joists
(manufactured
trusses)
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Steel Beams

e types (more)
— plate girder
— decking
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Flates welded
or bolted

lo beam
[  F

(a} Light-gage steel beam, (o) Cover plated beam.

r——

~Flange plate

Fillet welds

_~Groove welds
| ER | = = ]

(d) Welded girder, (e) Welded box girder
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Steel Beams

plate wep

PLATE
GIRDER
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shear is
greatest
and at
thicker flange support
in center where

moment is greatest
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Steel Beams

o |ateral stabllity - bracing
 |ocal buckling - stiffen

Compression
flange forms —_
waves '
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Lacal buckling of compression flange.
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Local Buckling

e steel | beams

e flange

— buckle In
direction of

smaller radius
of gyration

e Web
— force

— “crippling”
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Local Buckling

e flange
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Shear in Web

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

stiffeners to prevent lateral buckling
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Steel Beams

e end conditions

e a) away from
connection - full
section effective

* b) high shear —
only web
effective
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Steel Beams

e end conditions

 C) bolt holes —
less material

 d) local web
buckling
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Steel Beams

e bearing

— provide
adequate
area

— prevent
local yield
of flange
and web
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ior resistance 10 beaning

(d)

Figure 8.10 Considerations for bearing in beams with thin webs, as relatea 1o
web crippling (buckling of tha thin web in compression)
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Steel Beams

e connections
—welds

BOT FLG ST

SPECIMEN O
WIig=d46
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Steel Design — Open Web Jolists

o SJI: www.steeljoist.com

e Vulcraft: www.vulcraft.com

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

— LH Series (Long span)

« 18-48”" deep, spans 25-96 ft
— DLH (Deep Long Spans)
o 52-72" deep, spans 89-144 ft

— SLH (Long spans with high strength steel)
e pitched top chord R

e 80-120" deep, spans 111-240 ft A‘VA‘VA‘""AV

Steel Construction 20 Architectural Structures Ill F2005abn
Lecture 20 ARCH 631




Steel Design — Open Web Jolists

STANDARD LOAD TABLE/OPEN WEB STEEL JOISTS, K-SERIES
Based on a Maximum Allowable Tensile Stress of 30 ksi

Joist 12K1 | 12K3 | 12K5E 14K1 | 14K3 | 14K4 | 14KB 16K2| 18K3 | 18K4 | 18KS | 18KSE

Designation
12 12 12 14 14 14 14 16 16 16 16

o

Depth (in.}
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Steel Beam Design

e American Institute of Steel Constructlon

— steel grades

e ASTM A36 — carbon

— plates, angles
— F,=36 ksl &F,=58ksi

« ASTM A572 — high strength low-alloy
— some beams
— F,=60ksi &F,=75ksi

« ASTM A992 — for building framing

— most beams
— F,=50ksi &F,=65Kksi
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ASD Steel Beam Design
e AISC: ASD Manual, 9t ed.

— bending (braced) -, = 0.66
— bending (unbraced”) F,=0.60
near -, = 0.40
near (bolts) tabulated
near (welds) F, = 0.30F
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UNBRACED LENGTH IN FT. (0.5 ft. increments)
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e braced vs.
unbraced
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LRFD Steel Beam Design

e AISC: LRFD 3" ed.

— [imit state is yielding L
all across the section

— outside elastic range

— load factors & resistance factors

&, =0.001724
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Load Types

D = dead load

_ = live load

_ = live roof load
W = wind load

S = snow load

E = earthquake load

R = rainwater load or ice water load
o T = effect of material & temperature
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LRFD Load Combinations

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

1.2D + 1.6(L, or S or R) + (0.5L or 0.8W)
1.2D + 1.3W + 0.5L + 0.5(L, or S or R)

1.2D + 1.5E + (0.5L or 0.2S)
0.9D £ (1.3W or 1.5E)




Pure Flexure

Sy,R =M,<$M,=09F 7

M, - maximum moment

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

Z - plastic section modulus*
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Internal Moments - at yield

e material hasn’t failed




Internal Moments - ALL at yield

| parts reach yield
astic hinge forms

timate moment
= A

tension compression

M,=bc’f,=3M,

g,=0.001724~ *©

Steel Construction 30 Architectural Structures Ill F2005abn
Lecture 20 ARCH 631




n.a. of Section at Plastic Hinge

e cannot guarantee at
centroid

g fy_Alz fy_A2
e moment found from

yield stress times
moment area

M, =f,4d=f % Ad,
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Plastic Hinge Development

=

PLASTIC

|J|_:'|;E~;-|-'.!;| pr—
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Plastic Hinge Examples

e stability can be effected
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Plastic Section Modulus
e shape factor, k

= 3/2 for a rectangle

~1.1 foran/

z’;

7

%

7

%

%
FZ77/ 77774

e plastic modulus, Z
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Shear

Sy.R =V, <¢V,=09(0.6F, A,)

V, - maximum shear

¢, - resistance factor for shear = 0.9

V, - nominal shear

Fyw - Yield strength of the steel in the web
A, - area of the web =t d
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Flexure Design

e |imit states for beam failure
1. yielding

2. lateral-torsional buckling*

3. flange local buckling

4

. web local buckling
 minimum M, governs

2y R, =M, S¢bM

n

Steel Construction 36 Architectural Structures Ill F2005abn
Lecture 20 ARCH 631




Lateral Torsional Buckling

M =C, [canstant] 7

B 12.5M .,
2.9M . +2M ,+4M , +3M .

G,

M, ., - [max moment|, unbraced segment
M, - |[moment|, 1/4 point

Mg = |moment|, center point

M = |moment|, 3/4 point
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Beam Design Charts

Beam Design Moments (¢5=0.9, Cp=1.0, F,=50 ksi)
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Deflection Limits

e pased on service condition

e NO “Impairment” to serviceability

e avoid ponding

e /360 due to live load for beams &

girders supporting plaster (ASD)
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Steel Arches and Frames

e solid sections
or open web
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Steel Shell and Cable Structures
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Approximate Depths

Steel Co

Lecture ]

Decking v | L/30-L/50

Span

Feet 0 10 20 30 40 50 60

70 80 90 100 110 120 130 140 150160 170 180

Wide flanges I

[L18-L28

Plate girders

[L15-L/20

Open-web joists

Fink truss

T | L8122

l La-1/5

77
—

)

Howe truss

|
| va-us
I

Typical span

for member

Bowstring truss | |

Jjc
|

Jc

i L6-L/10

_ A |
Special truss J % | L4-L15
P :d’f—.-\§:,|

._,p| al
member length

Arches D | L3-U5s

Ribbed domes

Cables

Space frame
(column-supported) |

Ln2-120

| Space frame |
| (wall-supported) |

u12—u20i ‘
|

(Meters) L
0

10

15
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ASD Column Design

e allowable stress
2
ﬁm’tical . 1272- E

‘" FS. _23(1(%)2

e slenderness ratio ﬁ

r

—forkl/r 2C, =126.1 with F, = 36 ks
= 107.0 with F, = 50 ksl

Steel Construction 43 Architectural Structures Ill F2005abn
Lecture 20 ARCH 631




C. and Euler’s Formula
o Klir<C,

— short and stubby

“ > FoRLA

._:'i'.,r l|_I|'."'

— parabolic transition XS J
N

e Kl/r>C,

— Euler’s relationship e
— < 200 preferred ixr

FL _.| r
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C. and Euler’s Formula

W = A L o - |'-lI T
TELL STRbE2S . EllLefe BEGATIEN
- e :_____I..I.._-_ R - - —

|l cos|Zi) |22

SHEET /S INTERMERIATE
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Short / Intermediate
e L/r<C,




Procedure

1. calculate C,

2. determine limiting criteria
— strength: K//r.,;, < C.
— buckling: K/Ir, =2C,

3. get a section

— If P & A known, set stress at limit
e solve for K/, /

— if P & K/ known,
e findrorAorl

4. continue from 3 until F, satisfied
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Column Charts

Table C-50
Allowable Stress
For Compression Members of 50-ksi Specified Yield Stress Steel®

3 ki Ki F, 7 3 Ki

r r (ksi) r (ksi) r

29.94 41 81 121 10.20 161
42 82 122 10.03 162
83 123 9.87 163
84 124 8.71 164
a5 125 9.56 185

86 126 9.41 166
87 127 8.26
88 128 8.11 168
89 129 8.97 169
90 130 8.84

91 131 8.70
92 132
93 133
84 134
85 135

96

- l=

20.80

DOO~Nm OaWh —=

& GLBRL 88555 &1d
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Column Charts

COLUMNS
W shapes

Allowable axial loads in kips

w8

yect to least radius of gyration r,
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LRFD Column Design
e |Imit states for failure PM 3¢an

¢c — 085 I)n — F;rAg
1. yielding

A <15 ; zK| F, L%
2. buckling rz \E

A.>1.5

. — column slenderness parameter
Ag - gross area
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Compact Sections

e flanges continuously connected to the
web or webs and width-thickness
rations < limiting values

— no local buckling of flange or web

_for 4, <15  F, (o 658"
0.877

—for A.>1.5 F,
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Column Charts

Fy=50 ksi Table 4-2 (cont.).

| 6Py = 0.85Fpr Ag W-Shapes
Design Strength in Axial

| Compression, ¢.FP,, kips

ius of gyration ry

H

ol

ol J (] ry ry |
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Eccentric Loading Stress Limit

—In reality, as the column flexes,
the moment increases

— P-Aeffect

f, x (Magnification factor)

<1.0

£,
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Columns with Bending Design

e ASD:

+ <1.0
f.
F, ijx [1 R

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

F'. — allowable buckling strength

() term — magnification factor for P-A
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Columns with Bending Design

 LRFD:

_ M
for £, >0.2: L +§ M, Y 1<1.0
9P, ¢.F, 9

— for M
i <0.2: L +{ M, 2 j<1.0

+
¢an ¢any

X

L . +
¢c])n 2¢c})n ¢an ¢any

X

¢.- resistance factor for compression = 0.85
¢, - resistance factor for bending = 0.9
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Construction Supervision

e proper grade material
— high strength bolts

o quality welds
e proper bolted

conditions (ex. sc)

e fabrication and erection
of steel frame
connection detalls
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