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* AISC=American Institute of Steel Construction
T lgddi Ghgy 4 Ak
 ASD=Allowable Stress Design
(CraglBay b qul ) gia Yl (g, 4 Al
 LRFD=Load and Resistance Factor Design
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ASD 2 Db &lS i

e 1.0D+1.0L
e 0.75D+0.75L +0.75W
* 0./5D+0.75L +0./7/5E

D=dead load
L=live load
W=wind load
E=earthquake load
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1. 1.0D+1.0L
2. 1.0D+1.0L+1.0W
3. 1.00+1.0L+1.0E

D=dead load 83 ya )l
L=live load o3 ) b
W=wind load AL s b
E=earthquake load ) il b
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LRFD(AISC 306-05) (s 4 Jb b 53

1.4D

1.2D + 1.6L

1.2D +1.6W + 0.5L
1.2D £ 1.0E + 0.5L
0.9D £ (1.6W or 1.0E)

D=dead load 83 ya b
L=live load o3 ) b
W=wind load K| E | P

E=earthquake load ) il b
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Cual HLaSo (g g3 ) JSE Hued J IS g) b S S

1.0D +1.0L
1.0D+1.0L+1.0W
1.0D+1.0L+ 1.0t

D=dead load 83 ya Ly
L=live load o3 ) by
W=wind load K| Y| PN\

E=earthquake load ad ) ol L



Slenderness Ratio s &Y «u ya

« Compression sIE8 slas)
KL/r < 200
* Tension (S glas)

L/r < 300



Tension Members 58S (sleac

* Lfr s Jis
* f.:Gross Area S adaia pdas (g1 J S
* f,: Net Area alld adais mrdai (6 J 53K

s =Y slaloosgasxe " o A
PR, . - . . Y Y Y N
CJ‘E:F""“""“S_:L et _.:._-.L%La Y Y _ Y _A-

S ye oS glacl  F_Y _Y_ -
Vel WLl L 2SS glacl A _Y _ Y _ -



N :~S Ls\ . ‘

ASD
fat=FX/A, < F, Gross Area
fi=FX/A, < F, Net Area

LRFD

Pu = FX < (I)t Pn = (I)tAg Fy ¢, = 0.9 for Gross Area
Pu = FX < (I)t Pn = q)tAe Fu ¢, = 0.75 for Net Area
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N :~S Ls\ . ‘

ASD
Gross Area

Net Area

LRFD

Gross Area
Net Area

F,=0.6F,
F, = 0.5F,

(I)an:q)tFyAg
(I)an:q)tFuAe

$,=0.9
$,=0.75
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P, =10000Kg s @UE dlla
P =5000Kg B B¢
ASD : P =P, + P, =15000Kg (R4 FIXED JOINT
F.=0.6F =1440kg/cm?

5 ’ 150009 Ratio = 02 _1 195

= = =10.42cm? 9.26
0.6F, 1440
P, =10000Kg
P, =5000Kg
LRFD: P, =1.25P, +1.5P, =20000Kg
¢tPn — ¢tFy Ag ¢t =0.9 y
F, = 2400kg / cm’ )\
Z X "W

A= Re 20000 9.26cm?

#F, 0.9%2400




Compare ASD to LRFD

ASD 1.0D +1.0L
LRFD 1.25D + 1.5L

0.6F, (asp) X (1.5) = 0.9F, (irrp)

0.5F, (asp) X (1.5) = 0.75F, (trFp)

ASD % (1.5) = LRFD
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_ ABI  0.25x2.5x1

C =0.1042

1.9006 EQ 2.00000
EQ 4.00000

W R Table: Element Forces - Frames, Part 1 of 2
P QutputCa Station Frame
se
Tonf m
- —_ — = -13.5038 DEAD 0.00000 2
W, =15x3 =45ton,W, , =15x1=15ton Tas% DEAD 0000002
-13.5038 DEAD 4.00000 2
W =WD|_ + O.2W|_L = 48ton 45013 L 0.00000 2
-4.5013 LL 2.00000 2
V =CW =5ton 45013 LL 4.00000 2
1.9006 EQ 0.00000 2
2
2

1.9006

(= ]
= (|

[~

—_

S P-=DL+LL+ EQ
P —13.5+4.5+1.9 =19.91tor
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.I-J'Tﬂe Data
EP"W

Section Hame

Froperties
Crogs-zection [a=ial] area
Tarzional constant
Maorment of [nertia about 3 azis
b oment of [nertia about 2 axis
Shear area in 2 direction

Shear area in 3 direction

IFE270

45.9

Section moduluz about 3 axiz

15.3

Section moduluz about 2 axiz

5730,

Plastic modulus about 3 axiz

420,

Plaztic modulus about 2 a®is

1782

R adiuz of Gyration about 3 axiz

22,95

Radiuz of Gyration about 2 axiz

4.28.5389

b 2222

454,

37

11.2314

2025
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max

g o0 et (Vo Vo) Vo) dha) 5l g yomma jLi8 Jl b gae IS

— -

Y A f
Fa:'\‘fjr[ E:\-J}i\- lJ - Fﬂ:'\ b}i\ G“_f_\i_“‘)
YY(R) A ] A

A = K.L _ 1.0x400 ~35.61<C,

r, 11.2314
/1y _ K.L _ 1.0x400 ~132.23-C,

r, 3.025

2 2 6

= 127°E  127°2.1x10 _ 618.46Kg / cm?’

2322 23x132.232
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ABl 0.25x2.5x1
R (6/1.4)

u

C, = —0.1458

W,, =15x3=45ton,W,, =15x1=15ton
W =W, +0.2W,, = 48ton
V =C,W = 7ton



Table: Element Forces - Frames, Part1 of 2

T TS R = DL 12LL +2.4EQ

-13.8038  LinStatic DEAD 0.00000 2
s e o0 w2 P =13.5+41.2x4.5+ 2.4x4.84
-135038  LinStatic DEAD 4 00000 2
-4 5013  LinStati LL 0.00000 2
-4.5013 IJ:EMI]: LL 2 00000 2 PU — 30. 5161:0”
-45013  LinStatic LL 4 Q0000 2
48387  LinSfatic EQ 0.00000 2
48397  LinStatic EQ 2 0000 2
48397 LinStatic EQ 4.00000 2
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P, =FyAg

A<Y¥/VY | — L (Fo=z+/Y¥F )
\IF}, "
F‘.‘r’
F =| /7oA [E,

A, =45. 9cm?, P, =1027 x 45.9 = 47139Kg




Frame : 2 Design
X Wid : -250.088 Design
Y Hid : 8.008 Frame

Z WMid : 200.0800 sect C
Length : 4008.000 Hajor
Loc : 400.000 RLLF
Area @ 45.980 SHajor :
IMajor : 5790.000 SHinor :
IHinor - 420.000 ZHajor :
Ixy S ZHinor :

STRESS CHECK FORCES & MOMENTS

Location Pu
L400.000 -30520.684

PHH DEMAND/CAPACITY RATIO
Governing Total
Equation Ratio
{H1-1a) B.761

AXIAL FORCE DESIGH

Pu
Force
Axial -30520.684

Sect: IPE274@
Type: Column

Type : Special Concentrically Braced Frame

lass : Seismic
Axis : B.00@ degrees counterclockwise from local 3
: 1.08084
428.889 riajor : 11.231
62.222 Fiinor : 3.825
L84 . 808 E : 21000800. 00808
07.008 Fuy : 2400.004
Mu33 Mu22 Uu?2
8.0008 8.0008 8.008
P HHajor HHinor
Ratio Ratio Ratio

= B.761 + B.0888 +  DO.000

phix*Pnc phixPnt
Capacity Capacity
40122.889 00144004

AVUHajor: 17.820
AUMinor: 22.9%8

Uuld
A.804

Ratio
Limit
A.959

Tu
A.80a

Status
Check
1]

38
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Framing Type References

SMEF (Special Moment Frame) AISC SEISMIC 9

IMF (Intermediate Moment Frame) AISC SEISMIC 10
OMEF (Ordinary Moment Frame) AISC SEISMIC 11
STMF (Special Truss Moment Frame) AISC SEISMIC 12
SCBF (Special Concentrically Moment Frame) AISC SEISMIC 13
OCBF (Ordinary Concentrically Moment Frame) AISC SEISMIC 14
EBF (Eccentrically Moment Frame) AISC SEISMIC 15
BRBF (Buckling Restrained Moment Frame) AISC SEISMIC 16
SPSW (Special Plate Shear Wall) AISC SEISMIC 17

O il il J S 5 diga alai e Jlu
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500
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a a a =8
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ABI IFe Hlaid yog) &1 Hlyb

R TR
R

I,=01 T.=05 S§=15R_=7
3

T,,=0.08H *sec=0.08x12°" =0.516 x1.25 = 0.645 sec

T 2 0.5 oo
I >T = B=(s+1}—<=)=(1+15—)" =2.11
. ( ](TJ ( ](m.ﬁawj

e Aif 4 0.35 :w::j.ll % 1 — 01053
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Box/Tube Section

Section Name |C-250020
Properties Froperty Modifiers
i Secton Properhes. .. | Set Modifiers...
Dimenziong

Outside depth (13 ] A
Butside width) [t2) i
Flange thickness [ ] Izi
Wb thickness [tw) Izi

Property Data

b aterial

STEEL A

Tt

o

Section Hame

Froperties
Crozz-zection [axial] area

Tarsional canstant

Shear area in 2 direction

Shear area in 3 direction

|C-2500:20

e Section rodulus about 3 axis 1307 6267
24334, S echion modulus about 2 asiz 1307 6267

Morment of Inertia about 3 axis | 193993333 plagtic madulus about 3 asis 1531.
Moment of Inertia about 2 awis | 153493333 piagtic modulus about 2 awis 1891.

on Radiuz of Gyration about 3 axiz 3.4251
100 Radius of Gyration about 2 axis 34251
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W b e B LR -
F,—_* E_1-%=% L SIf{F, =——""77" OF _F _ % _ V=)
A A

4, _ KL _1.398x300

2% A4S
e i 9.4251

F.S=1.787
F. =1266Kg/cm?
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AISC-ASDEY? STEEL SECTIDH CHECK Units: Kgf-cm |[{Summary

for| Combol and Stationf)

Level: STORY1 Element: C6 Station Loc: 8.888 Section ID: C-288x2A4
Element Type: Homent Resisting Frame Classification: Compact

L=3088.0880

A=184_80808 | i22=16345.333 | 1i33=16345_.333

s22=1307 .627 s33=13087_.627 r22=9_.425 r33=2.425
E=28382982_.088 fy=2400.0488

RLLF=8.783

P-H32-M22 Demand/Capacity Ratio is 8.588 = 8.152 + B8.484 + B.832

STRESS CHECK FORCES & MOMEHTS

P M33 M22 uz U3
Combo DSTLS3 -S3744_ 764 1115731.938 -8B8618B.216 CoOa2 1D -2 _821
AXIAL FORCE & BIAXIAL HMOHMEHWT DESIGH {H1-2)
fa Fa Ft
“tress Allowable Allowable
Axial 202 891 1261 . 787 1448. 68808
fb Fb Fe Cm K L Ch
“tress Allowable Allowable Factor Factor Factor Factor
Major Bending 853 .258 1584 . 0808 GO28.794 a.8508 1.398 a.82a Z2.253
Minor Bending 1584 . 080 L323.90% a.850 1.%68 a.892a
SHEAR DESIGH
FU “tress
Allowable Ratio

i K.L A 398 < 300 :44.533?
r 9.4251
E2Sr="17F

F, =1266Kg/cm?

A

X,Y
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G DVl gy s aall o

A=0.35¢g :ITg e Jlal Jome pue) s aael
R, 7
T,=01 T.=05 §=15R,=—*=_"__5
" 14 1.4
3

T,,=0.08H *sec=0.08x12"" =0.516 x1.25 = 0.645 sec

T .= 0.5 o4
T >T = BE=(s+1)—<=)  =(1+1.5(—)" =2.11
| (s + ()T = A +1.5)(c=2)

ABT § RN o el L | T |
R 5

= 0.1477
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HISELLHFDQD STEEL SkETIDJ BHkBH UnhtS: HgF—Lm {SumAary for Combo aLd Stakiun}
Level: STORY1 Element: Eﬁ ﬁtatiun Loc: 8.888 Section/ ID: C-288xX20
Element Type: Special HMoment Frame Classification: Seismic
L= JB-ﬂBB
A="184_0004 i22=163 -333 i = 333 F22=1501 _000 Z33=1591_.8084
s22=13 -G27F s33=13287_.627 F22=0_4L425 F33=2_425
E=2@038902_008 fy=2400_000 =1.
RLLF=8.783
P-M33-M22 Demand/fsCapacity Ratio is B.680 = 8.215 + 8.808 + B_.464
STRESS CHECK FDRBE§|E ﬂﬂﬂEHTS
P M33 M22 uz Uz
Combo COHMB —F3239_.373 3823 3351794436196 15 . F57F —897/8 590
AXIAL FORCE & BIAXIAL HMOMENT DESIGH {H1—1a)
Pu phi=*=Pnc phi=Pnt
Load Strength Strength
Axial ?3239-3?3| L4169 .221 397HL0. 0080
=
Mu phi=Hn Cm B B2 K L Ch
Moment Capacituy Factor Facto Factor Factor Factoyr Factor
Major Bendin 3 3.335 2 65608. 088 a. 3 1-80849 1.808 1.3298 g-ﬂgﬂ 2154
Minor Bendingl1794 6196 3 65608.88 a. [i] 1-8848 1.88 1.568 -898
N r
SHEAR DESIGH
Uu Phi=Un Stress
Force Strength Ratio
Major Shear 15 . 757 129680.088 6. 88
Minor Shear BoF8_599 1295600.0680 .85
I I I I I I
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Bending Stresses fas glotas
S Sl 05l e LSLS 5 pad Jake 5 0ud 5)l> ghaie J5 T 51 0 45 (5 S0
335 oo 0axal « M« Plastic Moment
M,=ZF,
Z = Plastic Section Modulus = 5,5 shaie Ll
2595 o 0dwel Shape Factor o co po pubas S 0 (6o S S
M, /M,=ZF, /SF, =7/S
el 1L plp Ldatis ahaie gl S5 o o
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The Plastic Modulus ¢ ,05 alaio bl

F)’
I ) / Y ,
d 7’)' whpdp 0 }
’ 3 27} 2 1 g *—TCH Fy.‘%b
{
d { / I i g?:
L !2! 1.4, Fbd :,‘f' L 7= F},%b
— L e | +
[ f) e F)’ o N Fy
M,=M,=Td/2=Cd/2Z= (F,jrr bd/2) (d/2) = F,}, hd2/4
MP:F Z b meﬁﬁ;}]ﬂiﬂwb1

Z = bd?/4
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705 545 Ledda)y = gladh-d g

u,mF:;:gs T=1-!5.11 D,_asF:u,n —=11.12 E - JH
K, v d V& f e

K

'T"_'|
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Dhad ) g (a) ha
Flexural Members

ASD
fy,=MIS, < F,  ASD
F,=0.66F,
LRFD

M, <¢, M,

u —

Where ¢,=0.9
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Flexural Members
Noncompact Section

ASD

| 3 < 3
1102 = 107 C / 1510 = 10°C
When |' L —= | :
I

2

F(l/rp)
F-|2- D) e o6r
3O1530x10°C, |7
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Flexural Members
Noncompact Section

ASD

| 3 < 3
(102 =< 10°C [ IS10 = 10°C
When |' P <—< | :
R

2
2 F(l/rp) _
F,=|Z-— (- Tj F, <06F,

3 1530x10°C, | - ‘



03 pid ju& adalia — ied (5] (2l kb

Flexural Members
Noncompact Section

ASD

| 3 -
When i_} 210 x 107G

170 x 10° C
F,=-""""""b <06F,

(7/ 77 )_




0 b ne alalia— (fied (gl (al )k
Flexural Members
Noncompact Section

ASD

For any value of //ry

_12x10°C,

F, _
Id / ;’If

< 0.6F,
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Flexural Members
Noncompact Section

LRED

pxM =M.

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

3. FLB, Flange Local Buckling
:b Local Buckling
MH = F",' 'Z.*r ) ) -



LREFD

For

0 b ne alalia— (fied (gl (al )k

Flexural Members

Noncompact Section
LTB

L, <L

P

e Sl S
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Flexural Members

Noncompact Section

LRFD LLTB
For L, <L, <L,

L,-L,

M,=C,[M, (M, ~0.7F,S X <M,
Y A
Where: L
|I F
L,=1.76r, \I'lf.

: 0.7F, Sh .,
[ =195 = |« \/1+\/1+6.?6( > Sill g2
0.7F, \ S, E Jc
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Flexural Members
Noncompact Section

IL.RFD I.TB
For L,<L,<L,
Where:
» I‘I.( W
T =
S
h, |1,
C = -
2\ C
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LRFD LTB
For L,<L,<L,

M?.F = "F::?"‘STJ' < Mp

=Ll \/l+0.078 S Loy

() T
([:_EJ)E ‘S.Th[} ‘I}S
II.S
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ASD

C, =175+ 105 M,/ M,)+03(M,/ M, ‘_]2 <23
If M. between M, and M,. C, =10

LRED

—

125M
Co

T2SM__+3M, +4M, +3M,

M , = absolute value of moment at quarter point

M 5 = absolute value of moment at centerline
M .. = absolute value of moment at three — quarter point
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S sl x b
Design for Shear

3.
ASD h < 185
rﬂ' \ E

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

LRKD  n/r,<245/E/F,
V,=FY <.V, = $,0.6F, 4,.C,
Where ¢,=0.9

1
C.,



S sl x b

Design for Shear

ASD / S 3185

Y F
=FY/4, < F,=—2(C,)< 04F,
fy=FY/4, < F, 2_89( ) \

I
LRFD 11x 2 - 137k £
\ "F o, \ F,
V,=FY <¢,V,= $,06F,,4,C,
|
1.1 fKPE
B
C h
(—)
[,
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S sl x b

Design for Shear

LRED 307 /E/F,, <h/r, <260

452F
(h/1,)

F:'{ =FY = d)vVn - Ebv AH'

Where ¢,=0.9
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So97e 5 i oS 5 glacl
Combined Forces

IF, > 0.15
Con Sy C _f.
";:” + ? bJ + - m“ﬂ”ﬂ < 1.0
a | Ja |
L [
F_ ) F,_

fn _I_be'_i_tfa_’}: -1

<10
06F1 j:él_]' Fb:
P, /6P, 20.2

P, 8 M, M,
+ — — + — 1 =10
¢P}? 9 \ qﬁb M Hy Qﬁb i'ﬂ"ii"h': S
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ASD

LRFD

So97e 5 i oS 5 glacl

Combined Forces

£IF, < 015
Ja +‘fm’ +fE’ <10
‘F:’J' ‘Fbv FEJ

P,/dP, <0.2

— + = 1<10
gbb M "y Qﬁb J'ﬂl'/‘fn:

P, [ M, M
-
24P

H
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Self Wweight

Suto
Lateral Load

Click Ta:

Add Mew Load

== Multlpller
MNOTIOMAL 1

TESD l---__---’

Auto 1 ;I

kodify Load

LIVE III -

QUAKE 0 User Coefficient ARl LI L'ja'i"D

LUAKE 1] [zer Coefficient

NOTIONAL Delete Load |

Auto Motional Load Generation
ak.
-Mational Load Value Cancel
Baze Load Caze
=
2 Load Ratin | 2. 000E-03
PG-2 O >
- -Mational Load Directian
ﬁ * Global ¥
% " Global' W
o4 A
PG-2 L

& ] 4 Cancel
bt
=
=
s
(et |
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Define Static Load Case Mames

-Load Clck Ta:

Self WwWeight Ayto
Load Type kLiltiplier Lateral Load Add Mew Load

[NLY NOTIONAL =] [0 Auto | Modify Load

DEAD DEAD

LI"E LIVE -
Uszer Cosfficient )ZM odify Lateral Load...
[Jzer Coefficient

LUAKE

Delete Load
Autc Notional Load Generation Q.
— Cancel
-Mational Load Value
Baze Load Caze IDE.-’-‘-.D ;I —
|2 000E 03 5
Load Fatio . - b
PG4 ©|sTOR o
-Mational Load Direction ﬁ
=
" Global = % W
4 A
PG-4 Q|sSTOR
=
od
x w3
=
L
£l
PN
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Types of Panel Zone Damage
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O il il J S 5 diga alai e Jlu 108



b 72
v Wb gL de 4]
g 32 2

Where P,* 1s the secondary beams force; d, and dc are beam and column height. respectively: and Ly, 1s
the distance between plastic hinge locations in the beam and is equal to [, =L-2S, ands, = Y2(d, +d,).
Axial force in beam 1s calculated as follows:

1
F. = Puge = Pugiyar) J—ra Popiwes) 6)
1 .
Pruge(yae) = ZE R,F, sin’(ar ) W (7)
1 .
PHEE[H'EFJ} ~ E R}-'F_'v ['fr' 5111(2{}’ ) fr+l Slll(Z{YHI )]Li_‘f ®)
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M oW, 4w,
= LF+P”+ “2 Ly 9)
h

M, =11R FzZ (10)
Where wg 1s the gravity distributed load applied on beam and Mpr is the flexural strength mn plastic
hinge. Mpr can be reduced considering the axial force of the beam at beam-fo-column connection (Sabelli

and Bruneau 2006). To calculate the reduced value of Mpr. one should refer to chapter H of AISC 2005b.

2.5. VBE design

Axial force of column is as follows:

E,=) % RF,sm2a),h+) 7, (11)

The first term 1n the above equation. represents the effect of axial force due to web plates. The second
term 1s the fotal shear forces caused by the earthquake m all the beams above the considered column.
Therefore. the equation 11 can be rewritten as follows:
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