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

3. 12D + 1.6(L,or Sor R) + (L or 0.5W)
4. 12D+ 1.OW+ L +05(L,or S or R)
50 12D+ 1.0E+L+0.28

6. 0.9D + 1.0W

7. 09D + 1.0E

8.1.2D+1.2T+ Q.5L
9.1.2D + 1.6eT + 1.0T

2.2 SYMBOLS

A, = load or load effect arising from extra ordinary
event A
D = dead load
D; = weight of ice
E = earthquake load
F = load due to fluids with well-defined pressures
and maximum heights
F, = flood load
H = load due to lateral earth pressure, ground water
pressure, or pressure of bulk materials
L = live load
L, = roof live load
R = rain load
S = snow load
T = self-straining load
W = wind load
W. = wind-on-ice determined in accordance with
Chapter 10
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ure 1 Column shear failures from (a) 1999 Kocaeli and (b) 1994 Northridge
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Figure 3 Gravity load collapse from 1995 Kohe Earthquake (ALJ, 1997)
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Cual LS (g a8 Ha JSS Hual J S (o) 0 b S S

1.0D + 1.0L
1.0D+1.0L+1.0W
1.0D+1.0L +1.0E

D=dead load 83 3a L
| =live load 21 ) L
W=wind load b il L

E=earthquake load al ) il U




Slenderness Ratio s &Y «u y

* Compression S8 slas) )
KL/r < 200

* Tension (S slas)
L/r £ 300
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Tension Members (=S gliac

» L/r ey J s
* f,: Gross Area S adaie mhans (gl 5o J i
* f,: NetArea sl adaia mlan () 5 J A
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S gliac
ASD
fat = FX/AQ < F, Gross Area
ft - FX/AE < Fr Net Area
LRFD

Pu = FX < q)t Pn — q)tAg F}, ¢, = 0.9 for Gross Area
Pu = FX < q)t Pn = CbtAE Fu ¢, = 0.75 for Net Area
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ASD
Gross Area  F,=0.6F,
Net Area F.=0.5F,

LRFD
Gross Area  Q,P,=Q.F A, $,=0.9
Net Area ¢,P. =0, F A, $,=0.75




P, =10000Ke

sbas) Ak Jha

P, = 5000 Ke P
ASD : P = PD + PL = 15000Kg ﬂ.- FIXED JOINT
F=0.6F, =1440keg / cm” ;
P} 15000 Rmmzﬁzl.uﬁ

4= =220 10.42em’ 9.26

U.ISF;: 1440
P, =10000Kg
P, =5000Kg
LRFD: P, =125P, +1.5F, =20000Kg
)P, =4F,Ag  § =09 ?
F =2400kg /cm’

o p 20000 LNV

A4 =—2 = — 9 26cm°

¢ F, 0.9x2400 v

—n g r i e SR LTE LT
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Bending Stresses tas clodss
ﬁﬁﬂ:é-)ida};f&i:.;ﬁr@&mjam@b@jéiﬁfﬁﬁﬁd
245 oo oauali - M« Plastic Moment
M, =ZF,
Z = Plastic Section Modulus = ¢ ;.05 alaie L
2095 oo 0ausls Shape Factor JSo <o o qpuled K @) (6 ped K s
M,/M,=ZF /SF,=Z/S




The Plastic Modulus = ¢ ,03 akaiio ulul

B a ;
| ! | ; I *! .1
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{ d 1 .
' q / d e i o i
[ L) =T=F b
. . Y. 55 4 i
L—j:-—-—l- F-r L—‘—b_"' 'rJ'

M, =M, =Td/2=C d/2 = (F,bd/2) (d/2) = F, bd*/4
My=F 2= olus x5 e alaie WL

Z = bd?/4
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Flexural Members

ﬂ/fu = ¢b Mn
Where ¢, =09
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03 pid yi adalie— fed (gl p ) yh
Flexural Members
Noncompact Section

ASD

102x10°C, 1 _ [510x10°C,

/ f
When \f F, < _ \f F,

}:}' ” ’f FT :Iz
3 1530x10°C,

F, <06F,

T
Il
22| 2
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Flexural Members
Noncompact Section

ASD

102 x10°C. | [s10x10°C
When |——*<—c< | F
\ Fy o\ F,

s
»  F(I/r)

B =l _-‘{ TE]_ F. <06F,
3 1530x10°C, | ~
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Flexural Members
Noncompact Section

I [510x10°C,
?#T_\ll F:T

_170x 107 ¢,

(7/77)

< D.GF_\,




03y & adalie — (fed gl p ) b
Flexural Members
Noncompact Section

ASD

For any value of //ry

o l2x 10°C,

; — % <(06F,
d | A, ~
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Flexural Members
Noncompact Section

LRED

¢' X Mﬂ 2 Mr

1. Yielding of Flanges
2. LTB. Lateral-Torsional Buckling

3. FLB. Flange LLocal Buckling
M. = F1 7 :b Local Buckling




LRFD
For

03 pid ye adolie— (fed (o) p ol )k

Flexural Members
Noncompact Section

LTB

L <L

P

S 5 S
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Flexural Members
Noncompact Section

LRFD LTB
For L, <L <L,

. LI
M, = CIM, = (M, ~0TFS)—P< M,

i

Where: L
L =1.76: ]£
£
— N
L oros B [T 67607 S
“0.7F, Vs V0 Je




02 yud & adalie — (Ged (gl p Al Hh
Flexural Members
Noncompact Section
LRED LB

For LF <L, <L
Where:
[ C.
Fe ==
‘S‘.'u.'
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LRFD LLTB
For L <L, <L,

M,=F,S <M,

o v .
( f_g % Sh, 1,

I

p =Gk \/1+0.0?8 T Ly




ASD

C, =175+ L0S(M, /M, )+ 03(M, /M,) =23
M, < M,
If M .. between M, and M,. C, =10

[TAX

125M
25M . +3M  +4Mz +3M,
M , = absolute value of moment at quarter point

Ce

M = absolute value of moment at centerline
M .. = absolute value of moment at three — quarter point




Design for Shear

f,=FY/4, < F,=04F,

LRFD i/t <245(E/F,

V=FY <@V, = ¢1_0.6F,__,.A1,..("1.
Where ¢,=0.9
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Design for Shear

ASD h § 3185

1,=FY4, = F,=——(C,)< 04F,
2.89 -

LRED 11|K E, i-ﬂ 37 IE.. £
F,. 1, | F,
I _-F1 = ¢1 ] d:'rn-ﬁ-F:w."{h-'Cr
1.1 I.'f;l.é
C,= ]l'
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Design for Shear

LRFKD 307 /E/F, <h/t, <260

Y, W

V,=FY <,V

vV R

Where ¢, =0.9

452F

(h 7 o )'

=t A
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Conventional Building Code Philosophy for

Earthquake-Resistant Design

Objective: Prevent collapse in the extreme
earthquake likely to occur at a
building site.
—a
/
- limit damage A

- maintain function
- provide for easy repair




ANSIAISC 360-03
An American National Standard

Specification
for Structural Steel Buildings

March 9, 2005

Supersedes the Load and Resistance Factor Design Specification for Structural Steel
Buildings dated December 27, 1999, the Specification for 51 ol Steel Buldings—
Allowable Strexs Design and Plastic Desipa dated June 1. 1989, including Supplement
Mo. 1, the Specification for Allowable Stress Design of Single-Angle Members

dated June 1, 1989, the Load and Resistance Factor Design Specification for Single-
Angle Members dated November 10, 2000, and the Load and Resistance Facior
Design Specification for the Design of Steel Hollow Structural Sections

dated Movember 10, 2000, and all previous versions of these specifications.

Approved by the AISC Committee on Specifications and issued by the
AISC Board of Directors

AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.
One East Wacker Drive, Suite 700
Chicago, [llinois 60601-1302
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Developing Ductile Behavior:

Choose frame elements ("fuses") that will yield in an
earthquake; e.g. beams in moment resisting frames, braces
in concentrically braced frames, links in eccentrically braced
frames, etc.

Detail "fuses" to sustain large inelastic deformations prior to
the onset of fracture or instability (i.e., detail fuses for
ductility).

Design all other frame elements to be stronger than the fuses,
i.e., design all other frame elements to develop the plastic
capacity of the fuses.
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Examples of Protected Zones: SMF

Protected

Zones




@

ocal buckling of a moment frame beam.....




Reduced Beam Section (RBS) Moment Connection

RBS Concept:

* Trim Beam Flanges Near
Connection

* Reduce Moment at
Connection

* Force Plastic Hinge Away P
from Connection







Protected Zone

P
— | —
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Examples of Protected Zones: SCBF

Protected Zones

07/
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ocal buckling of a brace member.....
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Examples of Protected Zones: EBF

/ted Zones

V' \




Local buckling of an EBF link.....
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K-Type Braces are not Permitted




Developing Ductile Behavior in CBFs

General Approach

___ « Design braces based on
v ,b code specified
earthquake forces.

* Design all other frame

J ‘ elements for maximum
-— forces that can be
¢ ,b developed by braces.




Developing Ductile Behavior in CBFs N

General Approach

* Design frame so that inelastic behavior is

cr t / restricted to braces.

= Braces are "fuse" elements of frame.

= Braces are weakest element of frame. All
J ‘ other frame elements (columns, beams,
connections) are stronger than braces.

——b— * Choose brace members with good energy
Y 4

dissipation capacity and fracture life (limit kL/r and
bh).




Developing Ductile Behavior in CBFs N

General Approach

* Design brace connections for maximum forces

yielding/buckling

<
j and deformations imposed by brace during cyclic




Developing Ductile Behavior in CBFs N

General Approach

* Design beams and columns (and column splices
and column bases) for maximum forces imposed
by braces
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Braces in Tension - Axial Force:

=

.=

For design:
Pmax = Py - > Take Pmax = Ry Fy Ag




/Maximum Forces Developed by Braces

Braces in Compression - Axial Force
8 \

—> g

b d
0 - For design:
IDresidual =0.3 Pcr fa k(el-I:mixAz ]’;:1 )Ry Pn
n~— "'g'cr
Take P,oqigua = 0-3 P,
-t P

max
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Figure 1A-13. Brace-to-beam connection at midspan
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Figure 1A-11. Diagram of dimensions used in the connection design
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Some possible bracing arrangement for EBFS
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Inelastic Response of EBFs
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MRF

EBF

Energy Dissipation Mechanisms

CBF




Design of EBFs - General Approach I

* Design frame so that inelastic behavior is
restricted to links.

= | inks are "fuse" elements of frame.

= Links are weakest element of frame. All other
frame elements (braces, columns, beam
segments outside of link, connections) are
stronger than links.

* Detall links to provide high ductility (stiffeners,
lateral bracing).




EBFs - Link Behavior

Link plastic rotation angle

Forces in links

Shear vs flexural yielding links

Link nominal strength

Post-yield behavior of links

Examples of experimental
performance of links

@
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Link Plastic Rotation Angle

’yp = link plastic rotation angle (rad)

@




-

Link Plastic Rotation Angle

’yp = link plastic rotation angle (rad)

@




/ Link Behavior: Forces in Links
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Shear Vs. Flexural Yielding Links:

Simple Plastic Theory (assumes no strain hardening and
no shear - flexure interaction)

SHEAR YIELDING LINK:

FLEXURAL YIELDING LINK:




shear yielding of web along
entire length of link

Shear yielding will occur when
V=V,and M <M,

or, when:




flexural yielding at link ends

Shear yielding will occur wh
M=Mjand V<V,

or, when:




A

L — -

V

Static equilibrium of link: Ve =2M or:
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Shear vs. Flexural Yielding Links:

Shear and flexural yielding occur simultaneously
when V=V  and M=M,

or, when:




/Experimental Performance of Shear Links

)|
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Link Deformation:

(radian)













xural Yielding Link:
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Experimental Performance of an Intermediate (Shear and Flexural Yielding)

Link:
W16x36 (A992) e =48"=2 I\/Ip/V

ey i I
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T 15.9 Protected Zon A

/ \ y




15.6 Diagonal Brace and Beam Qutside of Link

L Beam outside of link
N,




‘Design of EBFs N

General Approach

-

N

1 —~ VT — |

1. Size links for code levels forces.

2. Size all other members and connections
for maximum forces that can be generated
by links.

3. Estimate ductility demand on links; check
that links can supply the required ductility

4. Detalil links to supply high ductility
(stiffeners and lateral bracing)




Diagonal Brace and Beam Outside of Link I
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15.3 Link Stiffeners

i‘Link Length =€

>

sides

Full depth stiffeners on both
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15.3 Link Stiffeners

e<16M,/V, Link Length=e J
(Shear Yielding Links) < >
s S99 1|3
OO
K
30t,-d/5 for y, = 0.08 radian
(o< < |52¢t,-d/5 for y, = 0.02 radian
Interpolate for 0.02 <y, <0.08 radian
.

t, = link web thickness

d = link depth
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4 N
Design of Seismic-
Resistant Steel Building
Structures

Special Plate Shear Walls
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Steel plate shear wall panel in Japan:
Wall with horizontal panel stiffeners




-

Steel plate shear wall panel in Japan:
Wall with horizontal and vertical stiffeners




U.S. Federal Courthouse, Seattle
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Design of Seismic-
Resistant Steel Building
Structures

2. Moment Resisting Frames
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Achieving Ductile Behavior:

Understand and Control Inelastic Behavior:

®* Choose frame elements ("fuses"”) that will
yield in an earthquake, i.e, choose plastic

hinge locations. >

* Detail plastic hinge regions to sustain
large inelastic rotations prior to the onset
of fracture or instability.

®* Design all other frame elements to be
stronger than the plastic hinge regions.
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®* Choose frame elements ("fuses"”) that will
yield in an earthquake, i.e, choose plastic

hinge locations. >

* Detail plastic hinge regions to sustain
large inelastic rotations prior to the onset
of fracture or instability.

®* Design all other frame elements to be
stronger than the plastic hinge regions.
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Behavior of an MRF Under Lateral Load:
Internal Forces and Possible Plastic Hinge Locations
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Plastic Hinges
In Beams




Plastic Hinges
In Column Panel Zones




Plastic Hinges
In Columns:

Potential for Soft Story Collapse




/ Critical Detailing Area for Moment Resisting Frames:
Beam-to-Column Connections

L1
Design Requirement:
Frame must develop large ductility
without failure of beam-to-column
connection.
L1
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Required Shear Strength of Beam-to-Column Connection
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Steel structural systems

Figure / Steel structural systems and the

number of storeys




L’ a  Outngger

russ

Belt truss

Figure 4 Belt-outrigger truss system

Prof Dr. Zalud A. Siddiqi, UET. Lahore.

Section a-a




Cap truss

Braced core
Braced core

Exterior
columns

(a) | (b}

F;qurt 4.27 (a) Cantilever deflection of core; (b) reversed curvature induced by cap
pnd belt trusses.
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(m) | (m) | (mm) | (mm) | (mm) (mm) | Gmm) | (mm) | (mm) (mm)

STORY1 2.90 2.90 -0.015 -0.015 -0.058 0.000 V 41 3460 3.460 17.302 0.006 V 41
STORY2 6.30 3.40 -0.027 -0.012 -0.049 0.000 v 48 9.161 5.700 28.501 0.008 \/ 48
STORY3 9.70 3.40 -0.053 -0.026 -0.104 0.000 o 48 16.632 7472 37.359 0.011 48
STORY4 13.10 340 -0.072 -0.020 -0.079 0.000 v 48 24 555 7.922 39611 0.012 V 48
STORYS 16.50 340 -0.079 -0.007 -0.027 0.000 V 48 32345 7.791 38.953 0.011 V 48
STORY®6 19.90 340 -0.122 -0.042 -0.170 0,000 «F 48 39.412 7.067 35.336 0.010 48
STORY7 23.20 30 -0.371 -0.249 -0.997 0.000 V 47 45551 6.139 30.694 0.009 V 47
EPY Dbl 0.00 m fab gl

X gz o Y cy g0
il h H U Ae Ay gllai 5,0 U Ae Ay g sl 5,0
Drift Drift

(m) | (m) | (mm) | (mm) | (mm) (mm) | (mm) | (mm) | (mm) (mm)

STORY1 290 2.90 -0.015 -0.015 -0.058 0.000 V 41 3.460 3.460 17.302 0.006 V 41
STORY2 6.30 3.40 -0.027 -0.012 -0.049 0.000 o 48 9.161 5.700 28.501 0.008 & 48
STORY3 9.70 340 -0,053 -0.026 -0.104 0.000 V 48 16.632 7472 37.359 0.011 V 48
STORY4 13.10 3.40 -0.072 -0.020 -0.079 0.000 v 48 24.555 7.922 39.611 0.012 V 48
STORYS 16.50 3.40 -0.079 -0.007 -0.027 0.000 V 48 32.345 7.791 38.953 0.011 " 48
STORY6 19.90 3.40 -0.122 -0.042 -0.170 0.000 o 48 39.412 7.067 35.336 0.010 V 48

powered by :




o 0395
ilixe Lg)ls
T ITITTTTTFTFTTTFTFTFTTTTTETTSTTTFTTT
3l IS Bl
STORY7 ‘ 23.20 ‘ 3.30 ‘ -0.371 ‘ -0.249 ‘ -0.997 ‘ 0.000 V‘ 47 ‘ 45.551 l 6.139 l 30.694 \ 0.009 ¢’ 47 ‘
EPX tkab 0.00 m Tk sl
X ez o Y o 0
dilb h H U Ae Ay gllail 550 ] Ae Ay gl 5
Drift Drift
m) | (m) | (mm) | (mm) | (mm) (mm) | (mm) | (mm) | (mm) (mm)
STORY1 2.90 2.90 6.344 6.344 25.376 0.009 o 4] 0.000 0.000 0.001 0.000 " 41
STORY2 6.30 3.40 20.787 14.443 57.773 0.017 o 48 0.000 0.000 0.001 0.000 V 48
STORY3 9.70 3.40 36.427 15.640 62.559 0.018 o 48 0.001 0.000 0.002 0.000 48
STORY4 13.10 3.40 53.217 16.790 67.161 0.020 V 48 0.001 0.000 0.002 0.000 V 48
STORYS 16.50 3.40 69.075 15.858 63.432 0.019 o 48 0.003 0.002 0.008 0.000 " 48
STORY6 19.90 3.40 79.743 10.668 42.671 0.013 V 48 0.002 -0.001 -0.005 0.000 " 48
STORY7 23.20 3.30 90.721 10.978 43912 0.013 o 47 0.001 -0.001 -0.005 0.000 47
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X gz 2 Y ocaz 5
il h H U Ae Ay gail 5 | U Ac Ay a0
Drift Drift
(m) | (m) | (mm) | (mm) | (mm) (mm) | (mm) | (mm) | (mm) (mm)
STORY 2.90 2.90 0.015 0.015 0.059 0.000 V 41 3461 3461 17.305 0.006 V 41
STORY2 6.30 3.40 0.027 0.012 0.049 0.000 V 48 9.162 5701 28.506 0.008 V 48
STORY3 9.70 3.40 0.053 0.026 0.106 0.000 V 48 16.635 7473 37.366 0011 48
STORY4 13.10 3.40 0.073 0.020 0.080 0.000 V 48 24.559 7.924 39.619 0012 & 48
STORYS 16.50 3.40 0.080 0.007 0.027 0.000 #" 48 32.357 7.798 38.988 0.011 & 48
STORY6 19.90 3.40 0.123 0.043 0.172 0.000 o 48 39.420 7.063 35.317 0.010 V 48
STORY7 23.20 3.30 0.375 0.252 1.009 0.000 V 47 45.551 6.131 30.656 0.009 \, 47
ENX Dleb 0.00 m skl
X oz Y ogr 0
4l h H U Ae Ay gllail 5,0 U Ae A gladil 0
Drift Drift
(m) | (m) | (mm) | (mm) | (mm) (mm) | (mm) | (mm) | (mm) (mm)
STORY1 2.90 2.90 6.334 6.334 25.335 0.009 o 41 0.000 0.000 0.000 0.000 " 41
STORY2 6.30 3.40 20.768 14.434 57.738 0.017 V 48 0.000 0.000 -0.001 0.000 v 48
STORY3 9.70 3.40 36.388 15.620 62.481 0.018 o 48 0.000 0.000 -0.001 0.000 o 48
STORY4 13.10 3.40 53.163 16.775 67.100 0.020 o 48 -0.001 0.000 -0.001 0.000 %" 48
STORYS 16.50 3.40 69.016 15.852 63.410 0.019 V 48 -0.002 -0.001 -0.005 0.000 4" 48
STORY6 19.90 3.40 79.651 10.635 42.540 0.013 V 48 -0.001 0.001 0.003 0.000 V 48
STORY7 23.20 3.30 90.395 10.744 42977 0.013 o 47 0.001 0.002 0.010 0.000 V 47
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