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2- Bruneau, Uang, and Sabelli, A., Ductile Design of Steel Structures, 2nd edition,
McGraw Hill, New York, NY, 201 |
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Metal Handbook of the American Society for Metals (ASM 1964) defines:

"ductility” as "the ability of a material to deform plastically without fracture." "Brittleness,"
on the other hand, is the "quality of a material that leads to crack propagation without
plastic deformations.”
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* Specifications for Structural Steel Buildings; AISC 360-xx
* Seismic Provisions for Structural Steel Buildings; AISC 341-xx
* Minimum Design Loads for Buildings and Other Structures; SEI/ASCE 7-xx

* National Building Code of Canada (NBCC-xx)
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Multi-Response Case Design AlSC 380-10 ——
Framing Type AISC 360-05 ——
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The specified minimum yield stress of structural steel to be used for members in which
inelastic behavior is expected shall not exceed 50 ksi (345 MPa) for systems defined in
Chapters E, F, G and H, except that for systems defined in Sections El, FI, GI, HI and
H4, this limit shall not exceed 55 ksi (380 MPa).

Exception: Specified minimum yield stress of structural steel shall not exceed 70 ksi (485
MPa) for columns in systems defined in Sections E3, E4, G3, HI, H2 and H3 and for
columns in all systems in Chapter F
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Steel Moment Frame

Eccentric Braced Frame

OCBF: F,<380 MPa

MF: F,<485 MPa

OMF: F <380 MPa SCBF: F,<345 Mpa

SCBF: F,< 485 Mpa

IMF: F,<345 MPa EBF: F,<345 MPa

OCBF: F,< 485 MPa

EBF: F,< 485 MPa gl ,j\f\/

SMF: F, <345 MPa
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S235JR 235 225 215 195 360-510 350-500 26 25 24 22 20 27
$235J0 235 225 215 195 360-510 350-500 26 25 24 22 0 27
$235J2 235 225 215 195 360-510 350-500 26 25 24 22 -20 27
S275JR 275 265 255 245 235 225 410-560 400-540 23 22 21 19
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E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa)
G = shear modulus of elasticity of steel = 11,200 ksi (77 200 MPa)
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Application R, R;
Hot-rolled structural shapes and bars:
* ASTM A36/A36M 1.5 1.2
* ASTM A36/A36M 1.5 1.2
+ ASTM A992/A992M 1.1 1.1 Rt 9 Ry ),_,[;u,
« ASTM A572/A572M Gr. 50 (345) or 55 (380) 11 1.1 -
« ASTM A913/A913M Gr. 50 (345), 60 (415), 65 (450), or 70 (485) 1.1 1.1 AISC ool
* ASTM A588/A588M 1.1 1.1
* ASTM A1043/A1043M Gr. 50 (345) 1.2 1.1
« ASTM A529 Gr. 50 (345) 1.2 1.2
+ ASTM A529 Gr. 55 (380) 1.1 1.2
Hollow structural sections (HSS):
+ ASTM A500/A500M Gr. B 1.4 1.3
+ ASTM A500/A500M Gr. C 1.3 1.2
* ASTM A501/A501M 14 1.3
* ASTM A53/A53M 1.6 1.2
* ASTM A1085/A1085M 1.25 1.15
Plates, Strips and Sheets:
* ASTM A36/A36M 1.3 1.2
* ASTM A1043/A1043M Gr. 36 (250) 1.3 1.1
* ASTM A1011/A1011M HSLAS Gr. 55 (380) 1.1 1.1
* ASTM A572/A572M Gr. 42 (290) 1.3 1
* ASTM A572/A572M Gr. 50 (345), Gr. 55 (380) 1.1 1.2
* ASTM A572/A572M Gr. 50 (345), Gr. 55 (380) 1.1 1.2
* ASTM A1043/A1043M Gr. 50 (345) 1.2 1.1
Steel Reinforcement:
* ASTM A615/A615M Gr. 60 (420) 1.2 1.2
* ASTM A615/A615M Gr. 75 (520) and Gr. 80 (550) 1.1 1.2
* ASTM A706/A706M Gr. 60 (420) and Gr. 80 (550) 1.2 1 2
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Example: SCBF Brace and Brace Connection

To size brace member:

Required Strength defined by code
specified forces (using ASCE-7 load
combinations)

Design Strength of member computed
using minimum specified F,

fO dxiw Thls publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission
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%?}'FYAQ

Required Axial Tension Strength of
brace connection is the expected yield

strength of bracing member =R F A,

Bolts:

Compute design shear strength using
min specified F, of bolt

Gusset Plate:

material

Compute design strength using min
specified F, and F, of gusset plate

Net Section Fracture and Block Shear
Fracture of Bracing Member:

expected yield strength, R
expected tensile strength, R;
brace material.

y

Compute design  strength  using
and
, of the

i W j\ry
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Material Name S2BIRPLLG N Maberif N Moss
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1612.2 Load Combinations Using Strength Design or Load and Resistance
Factor Design.

1612.2.1 Basic load combinations. Where Load and Resistance Factor Design (Strength Design)
is used, structures and all portions thereof shall resist the most critical effects from the following
combinations of factored loads:

1.4D (12-1)

1.2 1.6L 003 (L or S) (12-2)
1.2D +1.6 (L, or S)+ (fiL or 0.8W) (12-3)
1.2D=¢1 3W + i+ 0.5 (B~er S) (12-4)

1.2D + LOE}+ (fiL +/>5) (12-5)
0.9D + (1.0E|or 1.377) (12-6)
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1612.3 Load Combinations Using Allowable Stress Design.

1612.3.1 Basic load combinations. Where allowable stress design (working stress design) is used,
structures and all portions thereof shall resist the most critical effects resulting from the
following combinations of loads:

D (12-7)
D+L+(L, ors) (12-8)

D+ (W o %) (12-9)

09D + £ (12-10)

D 0.75[L + (05 8) + (Wor 1E4)J (12-11)

\ Y \ dbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn
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Basic LRFD Load Combinations (ASCE-7):

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 + 1.6W + 0.5L + 0.5(L, or S or R)

0.9D + 1.6W
1.2D +1.08-40.5L +/8aeS Load Combinations
0.9D + 1.0E Including E
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I.D

2.D+L

3. D+ (Lr or Sor R)

4.D + 0.75L + 0.75(Lr or S or R)

5.D + (0.6W)

6.D + 0.75L + 0.75(0.6W) + 0.75(L, or S or R)
7.0.6D + 0.6W

8. 1.0D + 0.7E, + 0.7Eh

9. 1.0D + 0.525Ev + 0.525Eh + 0.75L + 0.75S
10.0.6D - 0.7E, + 0.7E,
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l. 1.4D

2.1.2D + 1.6L + 0.5(Lr or S or R)

3. 1.2D + [.6(Lr or S or R)+(L or 0.5W)

4.1.2D + |.OW + L + 0.5(L, or S or R)

5.09D + |.0W

6.1.2D+E,+E +L+0.2S

7.09D - E, + E,
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Definition of E for use in basic load combinations:
For Load Combination: 1.2D + 1.0E + 0.5L + 0.2S
E=pQg+0.2Sy,gD
For Load Combination: 0.9D + 1.0E

\ YO dxaw This publication or any part thereof must not be reproduced in any form without the written permission 4

A%
EZ ™
— H—J
effect of horizontal forces —T L effect of vertical forces
E = the effect of horizontal and vertical earthquake-induced forces
Qg = effect of horizontal earthquake induced forces
Sps = design spectral acceleration at short periods
D = dead load effect
p = reliability factor
(depends on extent of redundancy in the seismic lateral resisting system;
p varies from 1.0 to 1.2)
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Substitute E into basic load combinations:
For Load Combination: 1.2D + 1.0E + 0.5L + 0.2S

substitute: E=p Qg+ 0.2S,5D

—> [(1.2+0.2Spg) D+ 1.0 p Qz + 0.5L +0.2S |

For Load Combination: 0.9D + 1.0E

E=p Q-0.2S,5D substitute:
:;> (0.9-0.2S,)D+1.0p Q;
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AISC Seismic Provisions:
D1. Classification of Sections for Local Buckling

(53 piid SIS 51 (63¥ 98 ablis gub abb

Localbbuckling of members can significantly affect both strength and ductility of the
member.

Members of the SLRS that are expected to experience significant inelastic action

(e.g. beams in SMF, braces in SCBF, links in EBF, etc), must satisfy strict width-

tbhiclﬁ]ess limits to assure adequate ductility can be developed prior to local
uckling.

Such members must be seismically compact.

For seismically compact sections, the width-thickness ratios of the elements of the

cross-section cannot exceed Xps, as specified in Table D1.1.
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Local buckling of an HSS column....
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AISC341-16: The required strength of columns in the SFRS shall be determined from the greater
effect of the following:

(2) The load effect resulting from the analysis requirements for the applicable system per Chapters E,
F, Gand H.

(b) The compressive axial strength and tensile strength as determined using the overstrength seismic

load. It is permitted to neglect applied moments in this determination unless the moment results from

a load applied to the column between points of lateral support. ;;\% y
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Definition of Amplified Seismic Load (ASCE-7)

For Load Combination: 1.2D + 1.0E + 0.5L + 0.2S

Amplified Seismic Load: E=Q Qg+ 0.2 SpgD

For Load Combination: 0.9D + 1.0E

Amplified Seismic Load: E=Q_ Qg -0.2 Sy D
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(J Load Case Data X General
Load Case Name 5

— y [Sory y Design
S e = Load Case Type Response Spectnm v Notes
Losd Gase Type Re: == % Notes. Mass Source Previous (MsSrc1)
Mss Source Pe—— Anclyis Model Defat
Peek o Decadl Loads Applied

Loads Applied . Load T)’Di Load Name Function N Scale Factor ]

Losd Type Load Name Functon Sook Facter 4 Acosleratin ut 28001 [se0.665 Add
Acceleration Ut 280011 980685 Y Acceleration U2 280011 {98066 Delete
Acceleration u2 280011 980665 / Delete

[ Advanced
[ Advanced
Other Parameters
Oher Parameters Modal Load Case Modal v
Modal Load Ca: Modal ~
5 = Modal Combination Method cac v
Modal Combination Method cac v

[ Include Rigid Response

o = Directional Combination Type Absolute N\
Dectonal Combination Type
Absolte Directional Combination Scale Mg 03 |

Modal Damping Constant 2 0.05 Modéy/Show. Modal Damping Constant at 0.05 Mody/Show.

[ include Rigid Response

Diaphragm Eccentricty [0 for Al Diaphragms Moddy/Show. Diaphragm Eccentricty | 0for Al Diaphragms Modiy/Show...

oK Cancel oK Cancel ;|

- N 4 '?\i 5 A N
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ETABS Help:

Absolute Sum Method

This method combines the response for different directions of loading by taking the sum of
their absolute values. A scale factor, dirf, is available for reducing the interaction between the
different directions. Specify dirf=1 for a simple absolute sum:

R =|R1| + |Rz| + |Rs|

This method is usually over-conservative. Specify 0 < dirf < 1 to combine the directional
results by the scaled absolute sum method. Here, the directional results are combined by
taking the maximum, over all directions, of the sum of the absolute values of the response in
one direction plus dirf times the response in the other directions. For example, if dirf = 0.3,
the spectral response, R, for a given displacement, force, or stress would be:

R = maX(Rl, Ez, E3)
where:

Rl = R1 + 03(R2+ Rg) Rz = R2 + 03(R1+ R3) Rg = R3 + 03(R1+ Rz)

and R1, R2, and R3 are the modal-combination values for each direction.
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@ Load Case Data

General
Load Case Name q o] Design.
Load Case Type Response Spectum v Notes
Mass Source Previous (MsSrcf)
Anaysis Model Defaut
Loads Appled
Load Type. Load Neme Function Scale Factor o
Ut 280011 980,665 Add
/ Delete
[ Advanced
Other Parameters
Modal Load Case Modal v
Modal Combination Method cac v
(] Include Rigid Response:
Drectional Combination Type SRSS v
Modal Damping Constant at 0.05 Modiy/Show.
Diaphragm Eccentricty | 0for Al Diaphragms Modiy/Show.
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% @ Load Case Data X

General

Load Case Name _9 = =

Load Case Type Response Spectum v Notes.

Mass Source Previous (MsSect)

Analysis Model Defaut

3
Loads Appled
Load Type Load Name. Function Scale Factor Lid
Acceleration U2 260011 665 Add
Delete
[ Advanced

Other Parameters

Modal Load Case Modal v

Modal Combination Method cac <

[ Include Rigid Response

Drectional Combination Type SRSS <

Modal Damping Constart at 0.05 Modiy/Show.

Diaphragm Eccentricty | 0for Al Diaphragms Modiy/Show.

Cancel
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Load Case Data

0K

General
Load Case Name — 5oy 1Y
Load Case Type Response Spectnum
Mass Source Previous (MsSrc1)
Analysis Model Defack
Loads Appled -
LoadType Load Name _Foncion SN\ Scale Factor
280011 980665
Acceleration u2 28001 980,665
Other Parameters
Modal Load Case Modal
Modal Combination Method cac
[ Include Rigid Response |
[
}
Drectional Combination Type SRSS
|
Modal Damping Constant & 005 [ Mody/Show.
Diaphragm Eccentiicty | 0for All Diaphragms Modiy/Show.

Design.

[ Advanced
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The program automatically considers seismic load effects, including overstrength factors

(ASCE 2.3.6, 2.4.5, 12.4.3), as special load combinations that are created automatically from

each load combination, involving seismic loads. In that case, the horizontal component of

the force is represented by E_;, and the vertical component of the force is represented by E,,

where

E..=Q,QE (ASCE 12.4.3.1)

Ev =0.25,D (ASCE 12.4.2.2)

Effectively, the special seismic combinations for the LRFD provision are

(1.2 +0.25p)DL Q, Qg (ASCE 2.3.6-6,12.4.2.2,12.4.3.1)
(1.2 +0.2S,5)DL Q, Qp+ 1.0LL (ASCE 2.3.6-6,12.4.2.2,12.4.3.1)
(0.9 - 0.25,9)DL Q, Q; (ASCE 2.3.6-7,12.4.2.2,12.4.3.1)
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1
L= Wielg = <(D/C)max> Vhase
Vlase = base shear from Equivalent Lateral Force (ELF) analysis

2.  — Remove the Elements (Brace or Moment Frame)
1
3. 2 Wield, Removed = ((D/C)max> Vhase

Vyield, Removed

Vyield

4, - if

<33% = p=10
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1 1
1 Vy161d = (m) Vbase = <1 079) 20 = 18. 53(ton)

\ \‘ q Axbo Thrs publlcatlon orany part [hereofmust not be reproduced inany form W|thout the written permission j

HE180B

Dy oo Judos 0)b9s 9 Bl 5 K e Cnglin

\ O dxio This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

M.Alirezaei@iiees.ac.ir

75



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

e
‘.;JV‘ v

1
yield, Removed = <1 529> 20 =13 ton
13 ton
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ETABS Help: The maximum Ki/r ratio of the braces for V or inverted-V configurations is checked not to
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F2.5b(1)). If this criterion is not satisfied, the program issues an error message.

2gbise U8 laan)les ool sl n ebe J,aS o lee ool sl

|

DSt1S10
DSt1S11
DSt1Sll
DSt1S11

Email: M.Alirezaei@iiees.ac.ir




WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

./‘;::/‘3:/, P lé .
o (% GH&‘MS P ‘SLQ-LI-!)LP

& sgb 028 b Ui el o
oS ks sl cos )lis slaansl,
S i 5Bl s A 55 9 05,8 HilS
ot 9 Soliwl O )gua il 9 S o

Deb oo poslw (b g LT e o
olis o955 Slee anlE sladlyl;
pize Slizle sl 4ol ol 9 L5l
Ly K68 laoleisle sl jou 1) LT

5,5 g1 A3l i b bl

i e Jgere s, Kea sa0,lge sla OB ,__gI)JJa.SéLm.w)Le,o (c:,s o

\ ‘{\" Axbno Th|s publlcatlon orany part [herenfmust not be reproduced inany form W|thout the written permission f

eY slasi,lee b (Joore ¢l Kot sain)lee S

P P
- .
N -,
\ < f,s‘ \ /,.,;-'
»:i 4 S P A »i £oa
= |
3
| 4 A | 4
A A A A
S [ —— S [ —

\ ‘\\c Axdo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

Email: M.Alirezaei@iiees.ac.ir



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2P

3505 Jdo S B oo lasis oo ETABS asls 55 55 ¢lg5 oo LT -

Frame Section Property Data
IPE270
General Data
° © Propery Name
Materal S235RPLI<IE iR
@ . @ Display Color - o
&
© BNARS © Notes Modéy/Show Notes...
w w
X L Shape
Section Shape Steel Rod
Gl - Section Property Source
N n
IPE270 ) e
e @ Section Dimensions
Diameter 25~
@ ; @
=} : =}
@ x5 ©
- -~
w g w
T T
4

el

Sopa 1) sl b cJ- Define menu > Load Cases e jl (s e s sbul @l
Assign menu > e 5l eslizal b laan)lee olsml b guisea 'r‘*’»)’T B 0 b
(B3 s o 4 |, Compression Limit «i, ;5 Frame > Tension/Compression Limits

Load Case Data
Genera
Load Case Name [en ¥y 9 || Deson
Load Case Type Norinear Static v Noes.. | StQry2 IPEg70
Mass Source Previous v
Analysis Model Defauk ..
Intial Condions
(@ Zero Intial Condtions - Start from Unstressed State. 1] 3
2 o2
O Cortinue from State at End of Noriinear Case (Loads at End of Case ARE Included) © Akss
Nonlinear Case w .
I
Loads Applied
Load Type Load Name. Scale Factor ] e
Load Pattem v EN 1 Add &
‘ ’ Delete Stary1 IPE270
°
Other Parameters
Modal Load Case
o
Geometric Nonlnearty Option None v -
<Pos
Load Applcation Full Load :

Mod#y/Show. © PN NP A
Results Saved Final State Only Modfy/Show.
3 Nw

Frame Assignment - Tension/Compression Limits

[J Tension Limt

Email: M.Alirezaei@iiees.ac.ir

98



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

ZIN

08 L (sle Sl Jlie Ko 1) st 5 o b o s OB sppme (53,8 plSLs o

ory2

-10203

1.993E-

-199

v
g‘b

-7778.

S Al

VY dxbo Th|s publlcatlon orany part [hereofmus[ not be reproduced in any form W|thout the written permission

e S @

/b @
V,/uv BT 4SS byl il
Popove 4 Black Liwg il opl
1.0 |-——-— Pinned-Pinned P 59 ) ¥ rioe
- o . ol 0 InL?ul \4A- dl.w 29
Q’ — Fixed-Pinned

o
o

o
(6)]

Normalized axial load, P/
o

kl/r=40

=
o

4 2

0]

2

4

Normalized axial displacement, &6,

Olgie & |, Cabie bl o alolé
ol S B s igs dsb
LSC-‘DJ)'/..:.C 03930 ) L.:l,«::
BB byl .l S 5
5,91 oo 39290 Sl Sl s

\ ‘U\ dxawo This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

A

M.Alirezaei@iiees.ac.ir

99



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Gk
LS
'.;‘;V‘ .

ETABS asli s 55 haio b 4l 8 (sl slonsl 2520

039 shaie b 034 ,l5,5 0lgs o Moment Releases ise s wan)le ol o 5 o> 93

Dges aats | O

Properties of Object n ey
2UPN100D10 v =y 4
Moment Releases Pinned S
Bracing X @
o

_ IPE270

IPE270 ¢

HE160B

W

=l B,y ahie S ]

slaly) abie 93 Tl ghie oLl el sak

W) 2 V4A- (_JL.M PR Black .L:u.ub.; )SI U‘.’.l
53905 gy 2 1 (s J293 9 (bgd ahie

gyl s 5 4
5l abte ¥ by slaly) -1
s Jr9o -0 JKo T ehie-f

53) gl AL>9 e ).<A LD guls oolawl Jg’.) BIFEW Aoy

1.0 7

a>

a

E 05 L7

S

S o

S

o 7& (403

(=] //

£-05 T

3 - KI/r=80

Pinned-Pinned

10— 2 0 2 4

Normalized axial displacement, 5/6y

Y- - dsaw This publication or any part thereof must not be reproduced

in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir

100



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

v v

s Wl Sy
_ . ; T
el ‘A CHAES ' - b .. ;—— o 3

i - _ = - 5 5
Y-\ dsiaw This publication or any part thereof must not be reproduced in any form without the written permission

‘/wj::/f{/ @ . . = A e
M v M)LQ“’ é'b))J 25‘31‘“3 J)"’s

Al Lalgs roge GileS Hlrs aiils sloy ) 03 i Lacl &S Sgwo )

Y .Y axiw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 101



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

. fracture of cyclically loadec br:

Y - ¥ d>iaw This publication or any part thereof must not be reproduced in any form without the written permission )

- - _ ST B

Y- f axiw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 102



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Y- O d>iaw This publication or any part thereof must not be reproduced in any form without the written permission )

Dgd J,us R Jod> g kS 5l 6 8 ol g
( (
0.76 £ for A '! 0.4 E for A
. S or Amg B N e Or Amd
b RyFE, I b Ry,
— <A I — <9
t 0.65 4 for A ! t 0.32 £ for A
. —— Or Apg . D - Or Apg
RyFy RyFy
\ \
Ama = moderately ductile —
For members anticipated to undergo plastic rotation of up to 0.02 rad.
Ana = highly ductile —
For members anticipated to undergo plastic rotation of 0.04 rad or more. p
Y - & dxaw This publication or any part thereof must not be reproduced in any form without the written permission N

Email: M.Alirezaei@iiees.ac.ir 103



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

‘OCBF sas (g, go SB o oud o3liwl ablis S 3 b bulgs

) Apg) bwgin (55,88 bulgd gl laain)lee AISC341-16 5 pas Cone Gub oty s

.b)l.b Cud9dxn U‘.‘.l C,«;"L!:)
T2 o0 plonil w5 a3 1) OCBF (slasss les (sl gblin (S5 id J,us ETABS asls s LT

ETABS Help: All brace members are checked to be Seismically Compact
consistent with moderately ductile members in accordance with Table 4-1 (AISC
341-16 F1.5a, D1.1, Table D1.1). If the criteria are satisfied, the section is reported
as SEISMIC as described earlier in “Classification of Sections for Local Buckling” in
G this chapter. If this criterion is not satisfied, the program issues an error message.
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Section is

seismically compact

0 Story Story1 Analysis Section TestSec

'27 Brace D2 Design Section TestSec
COMBO STATION /————- -MOMENT INTERACTION CHECK-------- / /-MAJ-SHR---MIN-SHR-/
poy) Loc RATIO = AXL + B-MAJ + B-MIN RATIO RATIO
| Dst1s8 360.555 0.002(C) = 0.002 + 0.000 + 0.000 0.003 0.000
| DSt1s59 00 Section is not seismically compact for moderately ductile members (Al
| DSt1s9 Section is not seismically compact for moderately ductile members (AI
|pst1sse Section is not seismically compact for moderately ductile members (AIS
".‘StlSlD 0 Section is not seismically compact for moderately ductile members (AISy
1351:1510 Section is not seismically compact for moderately ductile members (AL
iDS\:lSlD Section is not seismically compact for moderately ductile members (A
iDStlSll Section is not seismically compact for moderately ductile members (AIS
}DSclSu 8 Section is not seismically compact for moderately ductile members (Al
|DSt1S11 Section is not seismically compact for moderately ductile members (AISg
|DSt1S512 Section is not seismically compact for moderately ductile members (AIl

Section seismically compact for moderately ductile members (AISC

for moderately ductile members
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Chevron Bracing
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0.30V <Tension < 0.7 0.30V < Tension<0.7
0.30V < Compression < 0.7 0.30V < Compression < 0.7

OK OK
7‘\M
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0.30V < Compression = 0.74 > 0.7
0.30V > Tension =0.26 < 0.7

No Good
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Along any line of braces, braces shall be deployed in alternate directions such that, for either direction
of force parallel to the braces, at least 30% but no more than 70% of the total horizontal force along

that line is resisted by braces in tension, unless the available strength of each brace in compression is
larger than the required strength resulting from the overstrength seismic load.
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A,=96 cm?
r,=r,=9.806 cm

\ 25 cm F,=2350 kglcm?

| -4

TP | _25em f\
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2 P

KL 1x360cm

Maximum T = m = 36.76

2x%x1
/ / = =
4,71 =471 2350 =137.4 > 36.76

_ m2x2x10°
Fe (KL/r)2 T (36.76)2 ~ 14600 o5 cm2

2350 kg
=>F, = (0.65814600)2350 ~ 2196 —
cr cm2

>  ¢.P, =0.9X2242.9 x 96 x 103 ~ 189.8 ton

0cP, = 0.9 X Ay X F, = 0.9 X 96 x 2350 x 1073 ~ 203 ton
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Axial Force and Capacities

P ,Force (kgf)

¢P ..Capacity (kgf) ¢P . Capacity (kgf) {

10310.79

189813.61 203040

b S Syl

e PN
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Tension Braces:
Take P= R, F,A,

Compression Braces:
—)> Take P = 0.3x1.14P,

or P=1.14P,

~ ~ I f\y/
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BN

Column Axial Compression =

[Z(RyFyAg)c059+2(1 14 P, )c059]+Pg,av,,y
P

ravity=1:2D+0.5L

(sum brace forces for all levels above column)

1 114P, N
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Tension Braces:
Take P=R F A,

Compression Braces:
Take P=0.3x1.14P,

or P=1.14P,

—)
6
=
6
S
—)
\ <
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/»lgl

Column Axial Tension =
[Z(R,F,A;)cos0+X(1.74P,)cos 0]~ Py,
P, =0.9D

gravity’

(sum brace forces for all levels above column)

/ RY Fy AB

:'}} y
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Tension Braces:
Take P=R F A,

Compression Braces:
Take P=0.3x1.14P,

or P=1.14P,
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;\y/

P

gravity’

=1.2D+0.5L

Column Axial Compression =

(R, F,Ag)cos0- (0.3x1.14 P,) cos 6 + P,

gravity

Note

Column Axial Force = Pg,a,,,-ty
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Tension Braces:
)
0 \ Take P= R, F A,

Compression Braces:
Take P=0.3x1.14P,

or P=1.14 P,

=2 -
0 \ 0.3x1.14P,
RyF,A,
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-v

Compute moment in beam resulting
from application of concentrated load at
midspan of (R, F, A, - 0.3x1.14 P, ) sin ©

and add moment due to gravity load

‘
(R,F, A, -0.3x1.14P,) sin® Note

Based on elastic frame analysis:

£ £ Moment in beam = 0
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Note: Beams intersected by chevron (V or inverted-V) braces are NOT currently checked to have a
strength to support loads for the following two conditions (AISC 341-16 1):

(a) A beam that is intersected by braces shall be designed to support the effects of all tributary dead
and live loads from load combinations stipulated by the code, assuming the bracings are not present
(AISC 341-16 F1.4a(1)).

(b) A beam that is intersected by braces and supporting earthquake load shall be designed to resist
the effects of the load combinations stipulated by the code, except the brace forces have to be
replaced by their capacities. The forces in all braces in tension shall be assumed to be equal to R F A
(AISC 341-16 F1.4a(1)(i)). The forces in all braces in compression shall be assumed to be equal to 0.3

Pn (AISC 341-16 F1.4a(1)(i).
e PPN +7

Y\‘a Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permission

2P

1Ko 00 s xi)len B > LG 5 b (5,5 (>1,b) abuls ol ETABS 4ol LT
TS oo J s | (o329

a5 bl I

Note: Beams intersected by chevron (V or inverted-V) braces are NOT currently checked to have a
strength to support loads for the following two conditions (AISC 341-16 1):

(a) A beam that is intersected by braces shall be designed to support the effects of all tributary dead
and live loads from load combinations stipulated by the code, assuming the bracings are not present
(AISC 341-16 F1.4a(1)).

(b) A beam that is intersected by braces and supporting earthquake load shall be designed to resist
the effects of the load combinations stipulated by the code, except the brace forces have to be
replaced by their capacities. The forces in all braces in tension shall be assumed to be equal to R F A

(AISC 341-16 F1.4a(1)(i)). The forces in all braces in compression shall be assumed to be equal to 0.3
Pn (AISC 341-16 F1.4a(1)(ii)).
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b s lid 9 S slasu,lge s, Define menu > Load Patterns o ;1 oslazwl b (1
s (5)L2d slar,lee 5l ( Sanules 4, C (5

Define Load Patterns

Loads

Load

T=R,F,A, @
C=1.14P,=1.14 xF,, xA,

e AP
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a3l T g Ol 1) bae S ads ayas L6 s 9 2 ,.K Save as o Lol L6 5l (Y
A8l o (51,50 e Assign menu > Joint > Diaphragms

No Z -Ji- Analyze menu > Set Active Degrees of Freedom e 51 suas o6 )5 (¥
Active Degree%of Freedom J'*S g_)L’:.bl |) ROtatIon

Building Active Degrees of Freedom
Full 3D XZ Plane YZ Plane No Z Rotation

[IiT A A A A A A [ITT

Mux Mu Fuz ArRx R [JRz
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Restraints in Global Directions
Translation X [] Rotation about X
[] Translation Y [[] Rotation about Y
[ Translation Z [] Rotation about Z

Fast Restraints

L & 4 |

0K Close Apply

W
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p oW P2 S )ger
o A=269 cm?
R33=3.907 cm
= y
R22=4.22 cm
0 S
o| F,=2350 kglcm?
U 4m ‘ 4m C 4m T
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_ m?x2x108
Fe (KL/r)Z T (82.93)2
1.2x235

~ 2866.6

= F.., = (0.658 28666 )1.2 x 2350 ~ 1868, 2~

= C=1.14x1868.2x269x 1073

/ ’ = =
4.71 =4.71 2350 =137.4 > 82.93

sz

T = RyAng =1.2% 269 x 2350 x 1073 =~ 75.8 ton
0.5%x 500 cm 63.98
: KL _ 3907cm
Maximum — = max 0.7 % 500 cm ~ar03
422cm

kg

= 57.2 ton
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A5 S 1, Local AXis 438 5 63505 plasl menu > Set Display Options
B [ Labels O Labels
3 —€ © [ Unique Names [ Unique Names
e ‘ [ Peint Sprngs 0] Sectons
AN Panel Zones [ Property Modiers
> & 0] Addiionsl Mass nd Releases
'\/> [ Floor Mesh Option [ Pattial Foxty
@ [J End Length
b N PN Shell Assignments .
® \ £ & [ Labels :j~:
r/ [ Unique Names [ otk o
> [ Sections 0 T/C i
[] Stffness Modifers e
[ ecgies [ Hinge Overwrtes
N PN P [ Area Springs [ Line Spring
@ = y & [ Addtional Mass ] Addtional Mass
X [ Mesh Options -
/ [ Auto Edge Constraints g:::mw
% [ Uniform Load Sets 5] Mot Corrac
0” @ [0 Material Overwrite ] Column Spices
4 ® € € L] Walngos [ Nonprismatic Param
o o [] Thickness Ovenwrtes Wi orcs
= [ Insertion Point
/ P [ Rebar Ratio O
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]
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A

Frame Load Assignment - Point

Load Pattem Name C ~

Load Type and Direction Options
(O Addto Existing Loads

@® Forces O Moments
Dection of Load Applcation | Local1 v © [FFeSEig Loads
O Delete Existing Loads
Point Loads
1 2 3 4
Distance [0 |[02s | [075 1] \
|
load  [57200 o |[o | [57200
@ Relative Distance from End-l (O Absolte Distance from End-l

o | [ow| ]
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1 \/ Load Type and Direction Options
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Property/Stiffness Modifiers for Analysis
Cross-section (axial) Area :0 0001
Shear Area in 2 direction ﬁ
Shear Area in 3 direction [1
Torsional Constant :1
Moment of Inertia about 2 axis [
Moment of Inertia about 3 axis 1—]

Mass

L 1
Weight L ]
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YO s, slaas ;5 Design menu > Steel Design > View/Revise Preferences o ;1 (4
Al lnlead gales SB slacl g 05 (b g Judoo coles o s b e |, Y5
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23 | Phi(Shear-Short Webed Rolled 1) 1
24 | Phi(Torsion)

25 |Ignore Seismic Code?

26 |Ignore Special Seismic Load?
27 |Is Doubler Plate Plug-Welded?
28 | HSS Welding Type

AR Do 38 s,
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m Active Degrees of Freedom

Analyze | Display Design Options Tools Help % Building Active Degrees of Freedom N
[Q_/} Check Model... ( Full 30 XZ Plane YZ Plane No Z Rotation

A,  Set Active Degrees of Freedom... ” @ @

55 Set Load Cases To Run... % g
rvu]

L\N;'J Advanced SAPFire Options... 0w [Ou vz RX RY Rz 2

7 Automatic Mesh Settings for Floors...
cace
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Assign | Analyze Display Design Options Tools Help

*.  Joint ' SEEE-® -0V My 7|4

\. Frame > ‘ f:' Section Property...

Y shel » [ ¥, Property Modifiers... 2

W Link ' | Releases/Partial Fity... Signmest.- Property ModiTgg
= A= agth Rifets. - erty/Stifiness Modfiers for Analysis

Cross-section (axial) Area 0.001|

A ol b anles lays ohb 4 plidl Jbo <Y | ez

1

. "~ . . e . Shear Area in 3 direction [
02 ») é“’ )L.‘ "":S)’ PRSP LQ'M)LM S2979 Torsional Constant [
IO I P L V') u-gl Moment of Inertia about 2 axis [

Moment of Inertia about 3 axis

1.2D+1.6L i~

Weight
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N Tension Braces:
Take P=R, F A,
/ Compression Braces:
Take P=1.1x1.14P,
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Chevron brace post-buckling stage and potential hinging of columns

YO9 Axdo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

Email: M.Alirezaei@iiees.ac.ir

128



Email:

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

T

): NS

5 S 3i)lgn )3 Job s
brt

A6, = (A A; cos @ — Ay Aj sin 6’) Ad,cos@—Ad, sin @

AJ,
4, SHLd a)les )o Job s
Qs
AS,,, = (AOA(; cos @+ Ay A, sin 0) =Ad, cos@+AJ, sind
BZ

YDY Abo Thls publlcatlon or any part thereof must not be reproduced in any form W|thout the written permission J

P, =(T-C)sin@ :oleials (59,4
K = F
ﬂ__l wl)_;)_;BZ Bl 6uo&mﬁrwzbuclga)lwgmp6@ujb
F =2Tcos@
5 = N
cost AE AE cos@
K, = 27 cos6 = 2A—Ecos2 0
g, L
)L»u I/ Lélau)l}.&- 0393>x0 > GwLoA G‘l.‘zw ‘[‘,.3'9.4.:: 6CL‘>:3)|)§E- 4.2.‘>L» ..))|9 as EPYY-RPR
P-"')b
AF
A—J x _AF AP, =(AT —AC)sin &
C A8, AF = (AT +AC)cos 8

YO/\ dxawo This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission i

M.Alirezaei@iiees.ac.ir

129



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.""V‘ v

AT = KbrAé‘brt
sl )Lid dip)lee slon (it Ky 9 (228 3ip)len (lon (130 Ky a8

AC =K,,AS,,

2ibe oz (O Caoglio Lialsl) AF ole s 1) dgs M Jlo
AP, = (AT —AC)sin @ AF =(AT +AC)cos @
AF =K, A6, cos’ 0K, AS, cosOsin0+K,,Ad, cos” 0+ K,,AS, cosOsin &
AF = (Kbr +K,, )A&t cos’ 9—(Kbr -K,, )A5n cos@sind
AP, =K, AJ,

=K, AS, cos@sinf@—K, AS, sin*> §—K,,AS, cos@sin O
—-K,,AS,sin’ =K, AS, bl w5 (@56 i Ky a8

(Kbr —K,, )AS, cos@sin @ il oslu

AS, =
" K, +(K, +K,,)sin>@

YD‘\ Axbno Th|s publlcatlon or any part [herenfmust not be reproduced inany fnrm W|thout the written permission

el ;\,N/

_//

-v

_ 2 . 2 2 ulé LS"’L> ks:_zw
K, = AF (K, +K,,)cos> 6~ (K, K, )'sin 0C_o§ 4
A8, K, +(K, +K,, )sin’ @

K, =K, =% K, :%cos g sl el b s i)l e -

K, =0 = K,=(K, +K,,)cos’ 0

Sgis el )l e 4l 5)ly 9 059 w5 Y
2
K,=0 = K - KKcos o
1+—%sin’ @
bn

A8 pileS” el )l ogaxe H3 (6 lid 3i,)lge Y

o s d)lgs wlas awles @sl_?@m)_s,_sp:lésmﬂsls—f

= R Gn2g _192E1 _ 48El
(K, +K,) K,, = L3 K, I

LK 20 = K,

Yf' Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

130



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

93 3,95, Joo 5 dolael (59,0 sbml 5 da JKiw mea Ll 5 K slans e
ool oalizul aabippnl Gab a5 Al sales Ogiw Jawg 15 (& e Juaie sbml cael an)lee
RUWW S| R F St

E—>

K-Type Braces are not Permitted for SCBF or OCBF

e NP

Y&\ dxio Thls publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

b Caro Caw 4,5 6)lLLE =

YSY daxbn Thls publlcatlon orany part thereof must not be reproduced in any form without the written permission 4

M.Alirezaei@iiees.ac.ir

131



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Glas Jsla>"=
9 Y il slp
yo 5 Gl A
)l sl sl
6 G P Lboey
S)les s (Sole
a>,5 O Gf- O®

b

YSY axio Th|s publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

Sogo & o)lee zhie 9l o Aoy S
b8 Ol s &S Glaxin 4 Cans O)liie

3,8 13 g e 00ls )13

4 s JSo X dids 93 2i)les )18, =
ceb 9 009 i A g ¥V osla sl
gl A C)Jo o (gl

culbs 1Y0 Jolis 6 ol cubs =
bl o)l Jlasl 39

BRSSP ¢

Yf'\c Axdo Thls publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

Email: M.Alirezaei@iiees.ac.ir 132



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2P

5 5929 Ko X slass,lon sl >l g il sla o)

Y?é Axbno Th|s publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permlssmn

sl 4 &5 iz 6ol cusal Ghls OB Al s K oas san,lge OB S,
9 -V Jlasl (5,9 4 ansl Jlasl =Y aisl guae - iitea Juate KK 4 s O

Ogimw 9 45 4 &9 Jlasl -F Jlasl

Connection of

) Gusset to Support
Gusst Plate, Connection of
Bracing to Gusset
/.~'e—— Bracing Memebr

Connection of
Bracing to Gusset

/‘/\ Connection of

e Gusset to Support

Y$$ dsiw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir

133



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2P

—

Pu:RyFyA? I3 Vg 9 5 2bls Jowo 5l (il a)lee 59,0 Slaal
S

Gy @B 650 9 (Bl (K9, 93 4 Olgies ) gm0 ol
3503

P,cos 6

I P, sin 6
[

b g 295 oolitwl Ogiw sl 0 JB g5 hie | cunl j2g

.>5,w oalawl Jb (59)).’9&9.) dL@l 0)9 )| ixy\)/‘

Yf'/\ dxawo This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

Email: M.Alirezaei@iiees.ac.ir 134



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

v =l

sl wIlasl ,s g g &= Sl Ol jea eslanwl 3%
Ep ol Sy zu Fhgw e
> sl ol Uy s jlstad p
sl bl Job alug >

9 k;Kb..A 9 Q.Aglfu).; &y 5l G?.m.:b Lm@.; roLaS R
G LA Gad8) /¥ Jslas Skl

Only high strength bolts with faying
surfaces prepared as required for Class A
or better slip critical joints.

Y?‘i Axino Thrs publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permlssmn

//’;J@

p—]

EERWI FNvAIn

Qgﬁbw&bw)wgﬁggw

In-Plane Y Qut-of-plane

1k ol bbb aiylee ehie By Ygars
S amio 5l 2o ol Jlasl WY

Q. ]\

YV Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|thout the written permission

Email: M.Alirezaei@iiees.ac.i

r

135



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

& QT.la.wg)a S s Jrain dgioe cus)f)ba);ul.m.xf)w slol & b s
9 >lob Jhaie s OF Glesl 95 (unl 9 A8

<4mm P

Plastic Hinge
pesatt® = i‘ Wﬁ.«.\h.i. rawny .lc..i.\. e, -

e PN j\M

YY)\ dxio Thls publication or any part thereof must not be reproduced in any form without the written permission

YYY axiw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

136



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

e
‘.""V‘ v

b slgapileS & (Jige o0
1 45" SIalS 5 9 Biulen Jos
5 oh Sl Lt

)9 30 Sy Jaranans £, 4

~

In-Plane Buckling of Bracing Members

YYY dxaw This publication or any part thereof must not be reproduced in any form without the written permission

g IS

Ohgs ol el 4 ol ol Jlasl B9 gian sbul Br9 )5 S e ot &5 b )
asuns )L ol sladSew o Jlasl 39 woganl e )5 sl I s b
' 90

Plastic Hinge in
the Gusset Plate

Plastic Hinge i
in the Double i
Angle Bracing i
Member dle Line of
...... L __).. Restraint
: t = Thickness of Gusset Plate
In-Plane Buckling of Member * Out-of-Plane Buckling of}MemQ:r
IE——— '_,__:-}f_ ‘:\\‘.-’.,‘

YY¥ d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 137



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

oV

il o8 il amio J31s 5o T Gisles” Olal &5 aioly (ablie slass

9/,;9)%1:4»[/344&95 ébfbo—\
x x

y

33l 00 S obssS U Sl oS s Joga-Y

Double angles (SLV)

|7 —‘ y I fbu
X .).&abuT 2 ')9.>u)d9.> v 9J§.Cu| 20-Y

0o
£
=
=]
ES
2
o
c
&
=3
:
43
S
S
ne
o
@
8
€
i
S
S
w
2
o
@
<
w
@
o
®
o
s
w
3
.2
&
>

Y : ‘W\js\ 7

YYO d>iaw This publication or any part thereof must not be reproduced in any form without the written permission

oty [l

/O

w' &959 )I UL.:Abl Lgl)a 5.)5.;:%;4 (5>|)L A0 d.>|.> U“wl.o{ (5|).: LsJuu)LQA as I Y-PL S

N 5aSTY ssme Jg> Ogewl i) Elad 44 X Jgme s> Ogeml ) glad s (nly GRSl
3L 0.65

% <065

Ty

&959 UKA| )I%J d>00 09> 6?3:.«: e ¥ 5.&.‘.::[3 )'9.1) ‘J.‘>I.) PE J.U)LQ,O as Lé),.\o ) %

7.0-7.0+ A=t )l C)B 9 J;;lj L)A“HLQ{ &9.59 UKA' A-)A-:JL U)L’i'i.d J.u)LQ,o a5 é),.«.o 2 3%
2ls salys &)

ROV [ VE VR VORI e (?_)B 5 909

gussetplate o «’\"W}\ j\\y\/

YY$ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 138



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2P

' . . .gwmf,&p&m.@)@qwswﬂw
axio )l 7, s

oS (o058 s

dgin o35 ol YR 2iz > Il Bog pgaigled o 7|
IR O 4 %/

YYY 4w This publication or any part thereof must not be reproduced in any form without the written permission

/O

Plan view

40— force

yield line

2

Isometric view

Out-of-plane buckling of the brace; gusset plates resist axial loads without
buckling, but can rotate about the yield line to accommodate the brace
buckling

| T ———

o RN NP

YYA d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 139



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

/u,/ ,/’/
J

.
,vv

Lo ol 5l Kb ba,le Olasl dasilee (isbsS b dlasl 6,85k gliwl, 5o
J.«.ll.o.) b.))gT).g
asb IR M Jog ol Jolas 5ls 5,50 (pies gl sols b aulen slas! Jlasl (il
el ghise Sl GELS Heme Jg> dinples ghive HUasl 3 98 (pias b b R M LOT s o8
bge Geob 3l amio J51s b 2ol 53 GE3leS 51 Guy oS i S Jool> 0ligs 6850 (0
() 9 (Qall) JSK& 598 ouals 00 o3ls Olas dmy adwl sla JKio 53 a5 JioleS Ll i 0395
b siles &5 oshy 25 (0 el 1 iylen Jlasl sl amio Sl 2ol Gl slml LS5
b silen slasl pnr alold 350 00 plas 0 03ls Olis JKb s &7 Gles (555 b5 4y O,
Jos sl Jua,l B9 caalies t Ol )5 a5 ol oad sl 2t Jlas s wo 8 bas
03 9 At 5l i swels Aol ol s F ks 5 26+2.5em Ll 1) Jlade opl Olgs e
.w| Lo axino J51s )5 ate Jlasl s, 3i,lee GoleS bl i (o) JK

YY4 4w This publication or any part thereof must not be reproduced in any form without the written permission N

%/’;J@

slsl b 3oy culss pln ¥ oS las o7 Plas Ol 4 il 3oy slesl 0bgs ol sl
(Astaneh-Asl et al., 1986) ..ub awsls alol 2 ,lge

09° S lp Ghee 5l (@ amio )15 J8leS sln (S0 )5 (0 dmio )5 S sl (S50 (6,5 5L (Al
axao

YA Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|thout the written permission ]

M.Alirezaei@iiees.ac.ir

140



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

/SL Ao
w o)

oV v

yield line 90 degrees to
slope of brace

YA\ 4w This publication or any part thereof must not be reproduced in any form without the written permission

--posieen--c---cccccccccccccooa- o 0,8 b g i)l sl
N:I; ogar shls gas il oL
i M 93 9 0al> Jf..::)ﬁ.z.? ;,..L.o

Dgbse sbml $9 )5 & e

Long Gusset-
Free Length Can
Resultin
Formation

of Two Hinges in
One Gusset

i 1P ¥

YAY dxiw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 141



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

el

—

—
_—

£ btml Joo s bl

'd), WLAL: ul.u)} o
Jlas!
L v

— ;NM

YA\” Axbno Th|s publlcatlon orany part [hereofmus[ not be reproduced in any form W|thout the written permission

Sypar &5 (Jrge 0 By 4 wlee YLl
Sndy NS her A a4 S WSL (2
At Hlas og> 5l 6 5VL

YA¥ d>aw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

142



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

/O

YA$ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 143



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

ceeoi 1551 g 0l 3>

2 (3N (5 5L S Te o

yielded
areas

YAY dxbo Th|s publlcatlon orany part [hereofmust not be reproduced in any form without the written permission ;

| Al anylas g 52 5ol 99 SBlus siysles b Jsb

Y/\A Axdo Thls publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission 4

Email: M.Alirezaei@iiees.ac.ir 144



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

YAQ 4w This publication or any part thereof must not be reproduced in any form without the written permission

£7

bl ablo ()l Ao 4 S (g lo guas

I

Y4 - dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 145



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

fsnes S S las

Plastic Hinges

P mmm) <= P
¢ .
M M

b d9dun sbml OT Ll 93 9 g 55 (6 puas Jaitn yls,8 Sl b sba,les sl
soe do> ) Opgar La)lge g k8 S¥lasl Lo 3 e (s Cwglis e
1ol zhie Sl e GileS
LRFD: - 11XR, X FE, X Zprace
ASD:  — 06X 11XRyXFE, X Zprqce

Gy b sl ng ol iy Ol 93 sl 39 > 6|, abls ol wﬁw"f

Y4\ dxso Thls publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

Buckling
Causes

-}.. Plastic Hinge
in the Membe
with Gusset
Plate to
Remain
Essentially

Jo9o JLail @59

YAY asaw This publication or any part thereof must not be reproduced in any form without the written permission

jf‘ii;\/
‘. -.“

M.Alirezaei@iiees.ac.ir

146



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

TR

Moy sl b Juait

Y4Y dsaw This publication or any part thereof must not be reproduced in any form without the written permision

ST

QWJ)“SJ“)LQ“M)L’UZ’d)9)J§‘°éLmACh‘“(5‘“”l’ l.:(j)"\.:.l.u)LQ/ogJLAJ))

x fv/

Y4¥ d>aw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

147



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

" @
g T -y

Y40 dsiaw This publication or any part thereof must not be reproduced in any form without the written permision

S s sinslen Ko s abihe 3 a5 ol e sl U5 (i

Y45 axiw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 148



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

Sl a3 Ta

P=R,F A,

Y4Y dxaw This publication or any part thereof must not be reproduced in any form without the written permision

2PN

oAl ahie 53 s J S
m—)>
P=R,F, A,

Ae= UAn Gﬂ)-"q U‘JL" cbin
A <A, due to:

slot (A, <A,), and
shearlag (U< 1)

xi‘\ff

Y4A d>aw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

149



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

-y
_ ‘
P=R,F, A,
Al hie )5 sl s ga> > i |y o0 SV azdo yiloy Sl sl
s Yl Jhg; 8 Coglio
(0.75) A, (R, F)2R F A, (oo Yl g @b g5k Canglie)
4 RF, ST37 Y55 (sl

OR: € >
A (0.75) RtFu Ae S 1.2x2400

g 2 ~
4, (0.75)1.0x3700

aw,mdsch“)lﬁrcbuu) """U"”“')l“’&b‘““”‘““""?ty‘f

Y494 dxso Thls publlcatlon orany part [hereofmust not be reproduced in any form without the written permission

Foo ghaiio Coghi by

Y. dxbo Thls publlcatlon orany part thereof must not be reproduced in any form wnhout the written permlssmn

M.Alirezaei@iiees.ac.ir

150



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

2P

sHB b J S

|.L—.| / t = design wall thickness of HSS

mmm) P=R F A,

PoF-a-Y-N . an b

Py = (0.75)|Ups A R F, + yias | OO AnRF
0.6A,R,F,
A,=0
A=A, =4Lt

§T37 sy o, o™ 10%3700= 3700 kglome
Ml F 2 1.2x2400- 2880kg/cm2 j\%/

Y. \ Axbno Thrs publlcatlon orany part [hereofmust not be reproduced inany form W|thout the written permission

ST~
|_L—,| / t = design wall thickness of HSS
4 [STTNNNNRESSSSSSHEY mmmd> P =R F A,

$P,=(0.75) (4Lt x 0.6x2880) = 1.2x 2400 x A,

0.416x 4, d ) )
L>——= 536 Gy slao el 3 gig2 Job JSloo

Y’ Y dxio This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

M.Alirezaei@iiees.ac.ir

151



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

‘,}i-'{:.//':fb';%v
s dado b ad)lee S AL adatio )0 Gl 9 (B o JLail J s (L

JLasl G,

A.< A, due to:
bolt hole (A, < A,), and
shear lag (U< 1)

_ = p %
Y .Y axiwn This publication or any part thereof must not be reproduced in any form without the written permission

7
il
Juail G,y '
s B9 abie
P=R,F,A,
=== E—)>

Lalls cbz‘,;m:‘s.» K

#P,= 015)A, (RF) ) (075) A, (R, F) 2 R, F, A, ||» 4, OIS RE,

ST37 Jﬂ,é ‘5|).3

£> 1.2x2400 ~1.04 -1 Sl 4 5lS ahie dgiue 0433 45 Hghilen

4, (0.75)1.0x3700 _ f\i«/‘

Y. ¥ axiw This pubhcatlon or any part thereof must not be reproduced in any form wnhout the written permission

M.Alirezaei@iiees.ac.ir

152



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

e g0 2dafio Sy ol gy,

Y. O axiw This publication or any part thereof must not be reproduced in any form without the written permission M

LT
B U J S
7% PR, Fy Ay
| 1 >

FoF--Y-\ . i b

0.6 A, R:F,
PP, =(0.75)[Ups Ay R Fy + (2 pieS
0.6 AR, F,

ST37 3955 o1, R Fu= 1:0X3700= 3700 kglom?
" R,F,=1.2x2400=2880 kg/cm?
Ubsguuf;wdfcbmcthgv w,wwbémcuAnv MwwbémcmAm,ﬁ
VN AV

Y. & ax=iw This publication or any part thereofmust not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

153



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2N

@ @a ; m]
—

Bolted Angle Welded Angle Welded Angle gﬁ%ﬂ

<

S gﬂ @ %Df s Multiple-Row Beam

End Connections

Case for which
U,,=0.5

Single-Row Beam
Erdd ornectiane Angle Ends Gusset Plates

Cases for which U,,=1.0
b . A HM\M

Y .Y axiw This publication or any part thereof must not be reproduced in any form without the written permission

2PN

bl sl les Glls s 4l )lee 3,95 0 Joe )

Y- A dxawo This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 154



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

iy
b 0329 (&1 ,Ked 02 (5 )ln DB 5 Ogiw 4y 445 JLai]
S pgu0 Ughus 43 o 9 5 4 ot i)lge Jlasl Gog &5 ol Lo 0y 0l Ganles Slacl o
2l 5 slacdl 1 S Gllae 1L Oste 4w Jlasl uld cpl 53 03,8

0bsly 0.025 4 5Ls 3,90 0y & semw 4 heaie Sl o oo & il (5t Sy (il
A 5o

Jolao 5 3 390 e Cenglin &5 (5955 4 o8 il o e 4 Jluss] (520K (10
Z U.:.«.?;.o.&b 9 GS=1.O )J')J LRFD U:’9) 29 9 GS=1'5 )l.)..aﬁ ASD Ui:g) 0 as .&a::l.x ails |)
Vgh s s Jila 4 Sl 50 e G5 s il Ry 03t (5 o5 e bl
ol Ogiar 3Yg8 ol a5 By g 09

Slacl 55l ¥l Sl slhs s, dlasl o g 4 Jlasl i ,Se (0
(Jrere (sl

Y. ‘1 Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

%
abls 5l Jyl ) Ogiw 4 w5 Jake Jlasl & g0 4 AISC341-16 (aub 5,90 Jlasl diges
(usl
b g (o5 H gkt b o5mn £
7 by Jlal Ve S

dh dh b db
R s 51
\

b
i

fh b b b

0 0o ]

o b

5 O .. .
o So - (B 7=
o

EC)

) by haie Jlasl (!
Oge Jb 4 (e Leles Jlail (o QWJLQM

T'\ Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

155



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

byl 5l Jgl CI>) Ogie 4 5 Jeate Jlasl Soygo 4 AISCIM-16 ol 5550 Jlasl digol
gees

b hyd o2
H— Gxulal.«JLa;l
§O
io
O
o0 O O
V4 sl
~ EalRNt
- H{B ®
X | ib AlE °r =
h 1 HiIP o
1 » bl | (i
2o O\

oM o9 J
. I g Ol A Loles Jlasl (o 2
: Las P O N TR y/ .
OF & 55 Jlal e OF O SN PV’

Y\ \ axiwn This publication or any part thereof must not be reproduced in any form without the written permission

Yo
v v

(g cole, Y-Y-T-\ . oo lst{L) 90 i lge s sals cblas ,5>|9_v

_ A0l a)les palus G5 S )0 Gl JLasl B)9 pelus i

Jlasl 3,9

L i L5
2979 e
>ls

— SN ',:?“\-\;};]A;\‘%:( P ..‘".‘

Y\ Y ax=iwn This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 156



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

i 7‘\M

Y‘\ Y At Th|s publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permission

gt = 5 4 i,lee JLail Gi9 g
25 Jb 4 s yob 4 45 Gloj g i Sl 2, GibS S s a)les Jlasl lads,s i
4> dgb a0 0BRFL/OG L Usles s s )b sbls b 355800 Juate 052 JL L 9

el Jlasl (3,9 cols by T Lo a8 sl Jlal

piin gLl abuls ool (ET0 59,501 L) 395

D5

T'\ f dxio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

157



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

C/,
0339 le)go.b 03 (53l OB o Y giw dlog

CJP JAK SO Dpgay sl 900 03l Vgt Aoy sl )l GRez Sl & (I o
ghie 02,5755 S e KU 100 Jilao sl 4 5ol sl laogie dloy Led 63 S
a5 g aid S ks s (EMYOIHG 2l 5o 3)50 (0 conglie ail O o pand 590 Jaaie
el (s caalies Joli) 0gaw (A glis,l He 0T )5

el L oy omb s YU s oy 55 s wslor) ool b 5 b Glaoste 4S5
Al G555 gt 4 ate Jb 4 enils

ST glisyl by 55 b alioy Jos ail restilo YE+ 51 a8 Ogans 3BT glisyl a8 Al s (3
55 18 Vg

Joe 0gbon plsil JolS (63585 @0 4 0l 9 b sladyy < 4 L 5o a5 6o)lge o (Y
oS Ogiw Boe Jl Blo Alols pl Jb o )5 (Jy Al S el VY- 5l lgs 0 alog 50
Dgb azb )8 ks

Y‘\ O A=t Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

2P

Multi-Tiered Braced ) . ass, sz (s, 51 osliswl
:OCBF o ,5 (Frames

ebb @ Sl s

o3zl Loyl

LSLQCAD C))}AﬂAJ(S:.M.\JlJ w;)).m)|)3 09 LQJuu)l.QJ) (&l

3 ! Sl slacl (o .x5,8 13 oo Wb slacys L
(Stl’UtS) Lgﬂ.9| 6LQ.LA.9 A>0 0 w[: v._ﬁ.:.)) }.Q )l).)).) 0

T OoLTLEas gl G K

)| tuts) a8 e sl e 5 il g (o

A8 cwlio Jlasl b 590 ¢l ail azils sioxo Hles Ot
e Canglie 9 e bl Djeo )3 9 Vsiw 4

A A

T'\ $ dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

158



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

Jolo aabiyl ohb slasl oS 5 ol p ol s, lee Jlasl Lo 3,90 cuglin (&
g owal a3l slasb bl 0sges ol 1.5 L axsl auais sla,b

bl hb sla,b e 5 ol wsl (aolmwl) 8l slaad 5l 5,90 canglia (&
X slasilon 53 g8 oual d3)y sla,b Sl 0sges ol 1.5 L asl wais slayb Jolis
Jiplgs 3929 pae Sl o ol lag s ol i e LT )L 9 (iSO g0 4 &5 S
Do Aol (g Lid

e S 6l sl (6)lad 5970 )b s slaogie (b o)l oS 5 ples Gl 2 (7
B )0 Axio g d9eL 9 (00,0 g & 1) esiS Sl JB sla,l 0.006 ol 4 L K
Sges el s,

Y\ V Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

2P

Olgse b (Z) 5 (L) (o) an Jalgs 5,08 (0 )15 oozl 5)90 (S B o si)lee (B9 (2

28,5 0ok ) bilgs cule, byd 4

a5l i LT lailen J1 o a5, 1)

Sl a5 daleal ol slag s 5| obb Ll KU sl 0ad sailge b slacgin -¥
oS 5 lasiles Ll 5 90 9 digh (b daan)lee JUASH 5)9e cud b sl LU
il dddge (59, 0 8 55 10 5l S asls 55 a0 doleel (59wl RyFyAg 2l
bk an)les

Y \ A axbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

159



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

C/,

»V

Kon slais Lo (slo) ) SUd) Sonp

I 0351 005 iy (sl 502l Tnd) 85 L s slani,lgn ¥ s slge
FopKiw (oS S o bl 9,0 S5 5L Sl O Ol Glavgie
b ot Cou oan) 4 oab dinles AST o 4 Grized LD Jalys
1 L el K nln Sge dob cupd ogdan Jate Yo Ol 4 ol )5 55 s
V- Bracing

(b3 e S8, )5 Jy el s S9) dolaiel 59 G o Nl
AT oo s (aamlin (6551 BNl g 39 00 JKb (S93 ur ) it  sioeie
o 5l ) gn Usb e pd 39iisn Sbml 15 05 (S5 Soge 9

ol 10l dmiio 515 9 /Yl

X- Bracing

Y14 axiw This publication or any part thereof must not be reproduced in any form without the written permission 4

e
‘.""V‘ v

Sopw dghas Sbul gl (s YL, (s me dlb 9
Sgaimn 0315 Cadss 5 55 Jalaiels

Srd Kb panin s pdy K8 mhe S osln b8 Ales
] | |ﬁ)ﬁw|M5|)§o&L5JJQJLgL§LQ05;){LuQwog)fo.ﬂ
Two Story X- Bracing s 33! o 3l oT )3 sls JKi 0 o5 i i6bS Jgb )5 o
xwwl)éww,ﬂwuwp

Sges osliiwl 5 Cars L 5l Olgie o)l 1) o)l ioleS

ZIP

T'\" Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

160



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

'T" 1

g"zi’bp@rrlsraced Framm.. e AL

o >ob Sz ai)les Jgb

Sgdesd dnogs Jgb

2)les B9 >,k Job

BENSSNY

YYY ax=iwn This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 161



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

o3l Ygoro gildre ,3 Ly Job
ol Slhanlee (28ly Jsb (g 39ure
Ll a8

Y’Y\" Axbno Th|s publlcatlon orany part [hereofmust not be reproduced inany form W|thout the written permlssmn

03 s dile yho (elos,l Jubos s a3ls 5l aib 5T Ogte (20 e A X)les 3
el g iy sla o5l (b 9yl &5 el (2985 e LIS (el ue Julos

e

&
Elastic Analysis Postelastic Analysis Column

Column Seismic Forces Selsmlc Forces @\ y\f

e

Y’\"\c dxawo This publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

162



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

Pz

% e
(v ‘/’/.:

Yo
oV v

(o2 Coore Gub) :Ogiw dzmino (>,

I:>u(c:0|) Pu(brace conn)

t i

&3> I
col

P F u(col) + Pu(braceconn) sin &

1 ] P, =(0.9D—-Q(E)+R, % F, x A, xsin®

Y‘Yb Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permission /

/» [
s 1,515 i)k 2 (glaanie

Hods ool i $,2e (POPOV) Cogrgr BT Jawgs (EBF) 55 0 5l 2B sales
LTl 5 oo b bl anslio 5 35 000 slasinlee 5 poles GBS it )i, ()
Sl 01 5L g i Jools 13l 42l 1) 55 0 okl 45 glojls piass Cis 0
b ©ogo )5 prizea 9 Wil (et SLOB 5k Kb 2> 3 W 6 A S bl
o 0 0k Gilr Gl s slul 5l e=e e G les Bt ke Sl o o
sl (2hb )3l plus K Olgie 4 plalh A8 68 Gl> ol I 5y b
23 o5 s pidlhal ()lrs slag b sl asl g dlge d3ly ol s polas
G @Y Jos LT dasiles oS 0 Sl gg s Jale 5 35800 023 EBF slagiun
Sipples slesl S o Jlas w3 e Sl 29,5 3929 aas e Olislaz b sl 2l )s Ol)lers
s9me Ogiw b 5 9 3i)lee Jlasl Joxo o b 9 ai)len 99 G &5 5 5l (end 4 Lol (S

s e olis e By Ll ol 9 awss e buly 55,8 o0 1,8 o

b b yma lusms 2l UBCB8 53 13AA Jlw 53 5 oyl

T'\" $ dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|thout the written permission ]

M.Alirezaei@iiees.ac.ir

163



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2P

9970 09 1 S s Sl oSes ST 3 (5

\/ N
e

905 aods 5 g 4 Olgios b EBF atp)lee o (ob Jol e S5 b 4

AVAIZaNIZN

o)oKy s Y b bilgpd cslis -

bil) 5 6l el ghie Olssl -F Ll L5 sl p cawlio dsb Slsesl -

b szl 4l 9 bogiw dass)le b -0
- Whﬁ si?y‘:\f

Y'YV dxiw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir

164



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

= L T T

Y'Y 4 axiw This publication or any part thereof must not be reproduced in any form without the written permission

Y'Y . da=iw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 165



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

€Y _/lg]

Y'Y\ dsiw This publication or any part thereof must not be reproduced in any form without the written permission

1,513 syl 53 (5551 I 5550

MRF CBF

EBF

Email: M.Alirezaei@iiees.ac.ir 166



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

s=boolue L) sl el Kgw e
255 C)Jo

903 Aalss Jas j9id Olgae 4 Ngy o @

°)L~¢W~5Cﬁ33~5~:**"’g51~“-:b-59-:-;)-:3@
a5l 5595 Of el 3 Slae b asl
9 Ogiw Xgm w5 Sl b ) lacews

(358 fponis Yl g 2 ylge

g uals ol S phdSs b sl

e PN

PPV dxbo Th|s publlcatlon orany part [hereofmus[ not be reproduced in any form W|thout the written permission

2970 09 5 Sl (bl el 58,

9 S 3 See 5 lOgiw 5 a8 (b p s s 3 Shee S 5 05l b)) il L8, ol ggs onl o
Al bsan)les o)l

YYf d=iw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

167



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

—)

RSP N j\ M

Y'Y axiw This publication or any part thereof must not be reproduced in any form without the written permission

=

e renn S j“x,f

YY$ axiwo This pubhcatlon or any part thereof must not be reproduced in any form wnhout the written permission

Email: M.Alirezaei@iiees.ac.ir 168



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2970 09 5 S, (lomisl el LS,

—)

e NP

YYY dxio Th|s publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

j\r«/

YYA dAxbo Thls publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

Email: M.Alirezaei@iiees.ac.ir 169



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

ZIN

<=

il

e PN

YV dxbo Th|s publlcatlon orany part [hereofmus[ not be reproduced in any form W|thout the written permission

Email: M.Alirezaei@iiees.ac.ir 170



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

AR —
¢:_";./' (9% ‘;‘9 dl.h&.!)l.@o )b ‘;:M ‘:J.zm
e
2 =~
<>
A —-> A -

20 20

18 h 18 h

16 16
,}m 14 L
312 12 h/L=1.0
'zo 10 10
2 8
) 8 h/L=0.75

6 6

4 4

) h/L=0.50 )

£ h/L=0.50
0 >0 >
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6
e/L oo s o Job e/Lo.x..».\.u@d,.la

g v

YF\ dxbo Th|s publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permlssmn

V e—g—e —gc—e—g—=o
A, A,
\/Ld
L =
et v m
A Ada+A,m+A,w+A,,f

j\r«/

VY axéo Thls publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

M.Alirezaei@iiees.ac.ir

171



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

C/,

uv

D) el o 4,5 5 3 o8 4w (1) bl gusns ol

las Slasin 5 Ol dwsis cansr 1 Sl el plonls st sl o8

s A it o> Aib olouls s 9 el Caws abal) (5le 03Le pgs plE
e sy i 0T el )l plnle s dib (b e b spgus p

el oad B o Osie 5 970 JK i Sl abuly cnl pans o %

(Aba) PRI Jiu)u;u Ada) Lm.)..u)l.Q/a 590 dﬁw).:.:.u J,AL.» ul.'-) Gl:ul:-
ol 485 Ll 55 () s Ged il 03 QB S i 9 (Apy) Sg 555 55 J@m’-’

I. Paul W. Richards., “Estimating the Stiffness of Eccentrically Braced Frames” Practice
Periodical on Structural Design and Construction, Vol. 15, No. |, February 2010, pp. 91-

95 Y ;\ %/

Y‘\"\" Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permission

Asa 5 b awrin cas OB el gl g sl B
CJLM Olasin

z/jd: e A Aga) baisslge (5 950 JK& mis Sl s OB Gbuls %

- FL _fla
diagonal brace " FL, Ayx|ZLl=6 = a,xZL
AE L, Ld A E

a Ay, _ Ly (L,
77/ > - A da ( j

Yff a=in This publication or any part thereof must not be reproduced in any form without the written permission

A Wy

M.Alirezaei@iiees.ac.ir

172



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

‘ :(Aba ))13 5I9>R J&.&M ).:I PRI ulé Lsg_l:ul} %

V . | / \:A;[A] 0

{Apy) By p5 (00 JKD s 310 OB alnler

Abv:yvh(fj (4) ~ AM:( T j,{i) (6)

. = VL (5) / Ava L
v Ava W|Jo9»)yw)aVL9Ju}u)uuL>ww } ;.5\35/

ol dwiia 4 dxgi |

Y‘\"a Axbno Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permission

(G
EETAD
1> TVL i2ol> Ogiw Sb s> 5 8 ,leiS b
2
%xthLxé = V=VL% (7)
h :[v-g)lé () )5 (V) al, slisl> b

V( h'e
Ay =—|— 1 (8
by G(AvazJ ()

S|

Z

Ap) s Gz Sl s OB S s

.xl,:.f.»,lsu);I)mw)gsg)fhw)ijléwyomouL:.;«f).l)JLL'al)fl{a
: a e : a

LT A

Y'\C $ dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission f

M.Alirezaei@iiees.ac.ir

173



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

C/,
‘ a ‘ e T PR WS K ul.;:.u ).3_) )JﬂJW){JfI)fL.’.‘)
* P, P\l/ =
/|\ IOI;L:.J 5.)9.4.2 QJLQ.C-I ulé » A}Ig )Lg as LS;)}“" 0
P . . W . . ¢
VL—ae .J%Mlygﬁg)()iw&lﬁﬂﬁwﬂ
1 sls LIS U:,,, 51 oslazwl b
P 2 2
p.ae " T3EIL L an g
L
4 na 5o ke 5 40 sl Jlasl G99 Sluwloxe o
2L Jasl ol bawgs S slabe Joe )5 a5 Ab 4
Sgiun 45,5 b3 )5 (3
—tana Vh*e?
V. h A, =08—— (10
P =—1= v 12EIL 10)

_ ;\,N/

Y‘\"V Ao This publlcatlon or any part [herenfmust not be reproduced inany fnrm W|thout the written permission

C/,

=~ Ngm i SBCYDga5%
e Hloxe 3)lgn el Sl e 9 ASL 5 5)le0 51 S LU .b%)tjéhfu%:é
. ooy 8,9 JSi | adaiie ()
'—<|_/, B9 3l oo axslu S | alaie (Y
/é)ﬁ Sloads aslo sl alado (Y

[ |
;\ s )Lx,o Ko 5 O|9_:.c L HSS i.la.n.a )‘ oolaiul ey

HSS (hollow structural section): Square, rectangular or round hollow structural steel section
produced in accordance with one of the product specifications in Section A3.1a(b).
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= 0.6 X 2400% X (27 — 2% 1.02) X 0.66 x 1073 = 23.7"
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t—cm M. M
Mp _1161.67%  om 16-L = 78.4m  26-—L=127.4"
Vp 23.7¢ W W
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V, =V, (LRFD) or V, (ASD), as applicable, (N)
V, = required shear strength using LRFD load combinations, (N)

V, = required shear strength using ASD load combinations, (N)
V,= shear yield strength, (N)= 0.6F A,
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Link Beam Rotation Information

g 5 Jgb S

Sezg0 Oly9d b oS 5
Link Rotation | Load Combo | Limit Rotation | Bay Length (cm) | Link Length (cm}
0.001 DSHS9 0.073 500 70 \

jle Olygd s i (sau,lgs wlas J

StlS12 173.600 3.523(T) = 0.925 + 2.598 + 0.000 0.798 0.000
S5t1S12 215.000 4.276(T) = 0.925 + 3.351 + 0.000 0.843 0.000
StlS12 215.000 Link Rotaion is too high <

StlS12 250.000 Link Rotaion is too high

85.000

Link Rotaion is too high
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04 | Seismic Design Category
05 | Importance Factor

06 | Design System Rho

07 |Design System Sds

08 |Design System R

09 | Design System Omega0
Design System Cd

As Cd

A=
I

The story drift is calculated as

Fm Steel Frame Design Preferences for AISC 360-16 3 L; . ( \
b gy pubiss
ftem Value C»:.AA' — ).no (Y
01 Des:mCoie y AISC 360-16
02 |Multi-Response Case Design Step-by-Step - Al = .
03 [Framing Tpe el Gl oo (F

where Cd is a System Deflection Amplification Factor and | is the system Importance Factor
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Joint Label: 6
Story. Story2
Ux= 22529

Story4

K v N |uz= 0.0a20
7\ I Rx= 0.000000

Uy = 0.0000
Uz =-0.2501
Rx = 0.000000
Ry = -0 001815
Rz = 0.000000
Joint Label: 6
Story Story1
Ux = 10413
Uy = 0.0000

Ry = -0 002739
Rz= 0000000

|

|
‘ Story3

.“‘ Story2 2 A=
2
‘ 1

j AZI (ASZ _IAsl)Cd
¢

(2.25 — 1.04)4.0

=484 cm
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M, = ZF, = 484 cm? x 2400% x 1073 = 1161.6t7m  p2l> IPE270 sl

V, = 0.6F,(d — 2tf) ¢,

k
=0.6 X 2400% X (27 — 2 X 1.02) X 0.66 X 1073 = 23. 7t
=70 <16Mp—16><1161'6t_cm—784
e = cm V . 23'7’: = g Ccm
L 500 484
Vp=- =0.115

e P70 300

sl 0305 G158 4als s a5 (5

Link Beam Rotation Information

Link Rotation | Load Combo | Limit Rotation | Bay Length (cm) | Link Length (cm)
( 0.106 ) Comb1 0.08 500
v
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11 | Design Provision LRFD i
12 | Analysis Method Direct Analysis

13 | Second Order Method General 2nd Order

Stiffness Reduction Method No Modification
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t, = link web thickness

d = link depth 30t,-d/5 for y, = 0.08 radian

s< 52t,-d/5 fory, = 0.02 radian
b oloss for 0.02 <y, < 0.08 radian

Y"\ dxio This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

M.Alirezaei@iiees.ac.ir

195



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

ZIN

4

¥4\ dsiw This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 196



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

e
‘.;JV‘ v

Y4Y axiw This publication or any part thereof must not be reproduced in any form without the written permission

e
‘.""V‘ v

phead pebes) 25k 2.6M/ V<@ SEM/V, a5 > s (¥
S0 niS ks 5 Ky a5l Bgm w5 b o el 1/0 alols 4y Sl 02 s

Ngm 5 Jeb = € s s "
26M,/V, < e <5M,/V, P95 s e

Bg 5 s 02 )l
kit e 15, 15b, -

b; = link flange width
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30¢,-d/5 for v, = 0.08 radian

52t,-d/5 fory, = 0.02 radian

b olsss for 0.02 <y, <0.08 radian
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Ag; = horizontal cross—sectional area of the link stiffener

Fy,Ag
4ag

Fy A <
4ag

a, is the LRFD-ASD force level adjustment factor = 1.0 for

LRFD and 1.5 for ASD.
e ;N%/
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a, is the LRFD-ASD force level adjustment factor = 1.0 for
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P, = 0.06
, = 0.0 v

h, = distance between link flange

centroids
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The required strength of diagonal braces and their connections, beams outside links, and columns
shall be determined using the capacity-limited seismic load effect.
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The brace strength is checked the brace forces corresponding to the amplified controlling link beam
nominal shear strength 1.25R,V, for I-Shapes and 1.4R V/, for Box shapes (AISC 341-16 F3.3). The

controlling link beam nominal shear strengths are obtained by the process described earlier (AISC
341-16 F3.5b(1))

For load combinations including seismic effects, a load Q1 is substituted for the term E, where Q1 is
defined as axial forces and moments generated by at least 1.25 R V,, for I-Shapes and 1.4 R V, for
Box shapes, where V,, is the nominal shear strength of the link beam (AISC 341-16 15.6a).

(AISC 341-Part 1 15.6a, 15.2b: 1.25 " Q1 replaces E, Q1 leads to link shear of Ry*Vn
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Depending upon length may
require horizontal stiffener.

For dimensions of
top gusset plate,
see Figure 2.2(e)
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Wide Flange Buckles in Plane of Gusset

=)l B9 9 s 2t Aol (155 Lk s 4 il dadse Fy Ao 095 Oy (Bs

Continuity Plates if Required \

3 Sides

Cover Plate

Floor /

Plates Shop-Welded to Flanges
Slotted Plates E 9,290 J.;b'.\ ke
(Web Plate Is Optional)
Gusset Plate (See Note 1)
/—|>< Both Sides
_______________ R

Collector Beam

Bolts (See Note 2)

‘bi
(See Note 3) F &

& : \ \\—[7—<3s|des

X Slotted Plate, Top & Bottom (See Note 7)
5 =

Bolts (See Note 2)

Lap Plate (See Note 8)
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(Brace Buckles in Plane)

Double Angles, Short Legs Back-to-Back

< 4 Sides
/'\ Reinforcing Plate (See Note 4)

Continuity Plates if Required

3 Sides > ¥4

Cover Plate

Floor —1

Collector Beam
3 Sides

Bolts (See Note 2)

(See Note 3) }—9/

Erection Aid (e.q., Bolt)

Bolts (See Note 2)
Gusset Plate (See Note 1)
Slotted Plate, Top & Bottom (See Note 7)

=
"""""""""" T st g0 Lo alaiie

\L7—< 3 Sides

Bolts (See Note 2)

Lap Plate (See Note 8)
4 Sides

3 Sides

Welded
Brace

¥ ‘\A dxio This publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission j

M.Alirezaei@iiees.ac.ir

249



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

e

wIZtA.lmlsu:.e,?)ba)am)Ly.u.x,o t)wog).g()bgauﬁg

919 L}g‘Lsé Jsle
Reinforcing Plates (See Note 4)

Gusset Plate (See Note 1) z

L

HSS or Pipe Bracing
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Experimental Data on “Pre-Northridge”
Moment Connection H

Initial Tests on Large Scale Specimens:

» Tests conducted at UC Berkeley ~1970

* Tests on W18x50 and W24x76 beams
« Tests compared all-welded connections J

with welded flange-bolted web connections

Typical Experimental =
Setup: I
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“Summary of Testing Prior to
 Northridge Earthquake

Welded flange bolted wéb connectlon showed highly variable performance

OY0 dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Many connections failed in laboratory with little or no ductilify, . - j\\y\f

%
/J@ oaians iga b 413 58 OYLAT] drs Cle

w

2bor Gl sl s b 5o¥g8 lad,y s U6 )18,

Mz lagis Sl (B & 0 esaline pes Sler K g 2 gl ol g8 oyl
LAl b slagl s

b Olxio osa) opl e Gl Olxio (o33 & dase &) sol{a[vl.‘ud[wlm 3%
MRS (R ) Az O al;

45?‘ 9% lensnon LY Gu.mf Ui aS Ga.‘)g 929 Jim 2 .L.ul.: Mb J9:>9
L)nggbbléc)w}ijﬁumwm)aw.b
Y-SV C)P.Aluu

@ QOQIAC))Q.)WL)')I).Q))U»)JJW)JUMM«.‘
s Olis 395 Sl He3 Sy IS dxbd

O\"f' dxawo This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permlssmn

M.Alirezaei@iiees.ac.ir

268



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

necked down tensile specimen
Ductility of Steel

i AW

(G
—Lw—y Q‘Mbé)wwwwg&k{é)W))*

@ of Kookl g alol oT Jsb 43 Ogulsy s upns
dob Sals Sl cle ja 4 &5 S 00 5 dgdun dwlS
lagis Ay a4 paie il oad 8 Koo sl

Aade ) K835 5 0ab OF )3 59 du

0, (ksh
»
)

)

»
o

Tenalle stress

-

1 QI 03 D4 0% O% OF D& 09 J0 M a2 3 34 15 a6 47 14 4% 20 \ S
unit stroin in/in / W

0\"\/ d>ao This publication or any part thereof must not be reproduced in any form without the wntten permission

./"":/ )’/"'

critical shear
stress Ter

03ls Olis Hge Hloges y3 3
slajis cos oS s

SHls )18 gaarie LhdiS

shear stress (Ksi)

- -4
3

Ap bl by s
el S i chuas
Jia:: ).\ 4{ (53‘)940 )J
rlr s > G159 09,

il 40k

critical tension Oz =70ksi

7tensile 2> 4 (oS LS U-*-:M*)

LT

O\”/\ Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|thout the written permission ]

Email: M.Alirezaei@iiees.ac.ir

269



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

e
'.:‘“V‘ v

9> J‘.’.)‘:<" )ha )9 I) 990 )l.)).gf Jul ¢
93 9 Jlasl Joxe s s 5 4 B g A olal
ilond ol Jlas! Jowa

G o St Gl Ol PJM Sl %

ol 3306 B g auie &y A Ol 32

O,

A

— ~yff\w/

a\‘“\ Axbno Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permission

1S ga Az3ly s 098 5l eslazwl b

Ez—E O, —u\O| + 0, nsl] ﬁ)d&&)f_%&;gw)%émBuwr
1 2=
& =—lon-plo +a,)) T £, =—0.00036
o :E(,u&‘3+y82+(1—y)81) p, |
1 (14 p)1-24) VY ,/:’I kg
- _E(,ug3+(1—,u)62+,ugl) : r{ : o, =2 -
L =
( (H)”)(I_Z“) ) ' ] i £, =0.0012
E(l—pt)e; + pe, + e, I 11 ~
= ! | | ——
7 (1+ p)1-24) 4—: : " :
I / : : [
p=03,E=2x10° =& L £ =-0.00036 | L» ‘
cm 5
— . e

OF - axiw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

270



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2P

@ Aele eSS VY Ol 4 i G sl ks s Gy
M)C)mla.ﬁl}).uf

<_______

M" \ dbo Th|s publlcatlon orany part [hereofmust not be reproduced inany form W|thout the written permlssmn

T
v
. by 45 A ol Jbo
—1384 PR} I) [JS VWIS WY 7] U:)g?
C]’I'l— A
18_0 o ol s a s ks
2 = . e Boa e
), S50 Sl 929 D pgean
/ /,' I
o 2y 1 kg
I 1 1 0-3 >
I : | cm
|
: i e =00012
1 ————-
— I i
I : !
k, |
! A > gz 1 J
i cm i ’
! g =0 1 /7
1 1
1.7
1 -
O\CY dxawo This publlcatlon orany partthereofmust not be reproducedln anyfo\r-|11.\‘/v;;|1<l)(u'tthewr|tten permission i y\f

Email: M.Alirezaei@iiees.ac.ir 271



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Gk
LD,
'.;‘;V‘ .

% &

OFY axaw This publication or any part thereof must not be reproduced in any form without the written permission

v
e
"VV‘ v
10 o e e o e T
T Britlle I HHHHH ;
H - Ductile !
70 ‘ZZ?’H\
A = Fn B
60 Ll
50
a
X
o]
w 40
I
£
2 |
30
20
10
05 A a5 2 25 3 35
strain ", - y\/
— — A R I — RSN W4 Y
OF ¥ dxiw This publication or any part thereof must not be reproduced in any form without the written permission y

Email: M.Alirezaei@iiees.ac.ir

272



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

O 7

@ ’3/4' MIN.

:

the

See Flgure 11-1in the 2005 AISC Selsm/c PrOVISIons for dlmew ;}@M

OF 0 axaw This publication or any part thereof must not be reproduced in any form without the written permission

Wb hgxr b culite g =)
(I5mm 5t Sl -Y
0.75t ol -¥

Shoskeo V- ol plad -F

3ty b ol -0

M.Alirezaei@iiees.ac.ir

273



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

.‘- 1
,,_vv

5/16 in.

/ 5/16 in.

7 3% in.

Ve, 11/A\(; in.[/

\

‘/< Y in.

TYP.

. W24 x 94

+

+

6in
TYP
W14 x 193 [i

g

_//V‘

——PL % in.

[

(E.S. Typ.)

~ e Pl. % in. x 5 in. (E.S. Typ.)

PR

OFY axaw This publication or any part thereof must not be reproduced in any form without the written permission

o

S . 1
,,_vv

OFA axiw This publication or any part thereof must not be reproduced in anyYorm withou

e written permissiow/

Email: M.Alirezaei@iiees.ac.ir

274



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

bk BN Il o~

Frame column  (Cover plate) s 25 5 s 95 &9 (<ill

Top cover plate
/ (tapered)

Frame beam

Bottom cover plate
(rectangular)

onn NP

OF 9 dxiwo Thls publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

Axbo Thls publlcatlon orany part thereof must not be reproduced in any form wnhout the written permission

00-

Email: M.Alirezaei@iiees.ac.ir 275



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

EEN
Top (Upstanding rib) S b oo (o
upstanding -~

rib———

Alternate
configuration

Frame beam
Bottom

upstanding rib j\ M

00\ dxio Th|s publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

Email: M.Alirezaei@iiees.ac.ir 276



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

Frame column

Additional
top haunch
(alternate)

‘/( Bottom haunch

from WT

(Haunch) azabs slxl b cusis (o

OOY dxiwo Thls publlcatlon orany part [hereofmust not be reproduced in any form W|thout the written permission

e NP

00F dxbo Thls publlcatlon orany part thereof must not be reproduced in any form wnhout the written permission

M.Alirezaei@iiees.ac.ir

277



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

- NG N, j\ M

000 4xaw This publication or any part thereof must not be reproduced in any form without the written permission

(Side Plate) s,Us g b Cuoids (O
Frame column

Side plates
Filler plate

= ) .
Frame beam : S N
. 5 . < £ E 2 PSP P . N
005 axiw This publication or any part thereof must not be reproduced in any form withourt the written permission R

Email: M.Alirezaei@iiees.ac.ir 278



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

OOV d=iw This publication or any part thereof must not be reproduced in ‘

Email: M.Alirezaei@iiees.ac.ir 279



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

vk = Oguw & Jaie s 0 (sdee Canridd -Y

009 axiw This publication or any part thereof must not be reproduced in any form without the written permission

= o = = - = — = = i — Py - P——————— - V‘r . S
0%+ amiwo This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 280



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

0%\ 4xaw This publication or any part thereof must not be reproduced in any form without the written permision

a4

O%Y dxiw This publication or any part thereof must not be reproduced in any form without the written permissio

Email: M.Alirezaei@iiees.ac.ir 281



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 v

O%Y axaw This publication or any part thereof must not be reproduced in any form without the written permission

/';’V e
,/ Uv,gl 0329 Sy S b (pdhod OB a1 )b SLIJI

ML;”)-’WL«SWJAMJ&MJ” ,f\w/

05'\c Axdo Thls publrcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

Email: M.Alirezaei@iiees.ac.ir 282



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

e 314,,@ obod Ol 45 alalle (53 i Codgase

fFers (e Ol -
bl 00,08 b laogiw 9 b, wblas (pas Coxe b
s Jyorn i Ol o Lacl cwls @ by cans @l (o39ae AISC341-16 5.0

plosl Jyors sias OB 55 oste 9 s S3,88 sl ols Jus ETABS aobsjy LT
Q.Mhbtsn

090 Axbno Th|s publlcatlon orany part [hereofmust not be reproduced inany form W|thout the written permlssmn

.h.u}’:-ﬂ ‘;ua.o" s L.')B —Y

cadgazma b sl 55,88 £95 5l ML ogie 9 5 2blie AISC341-16 4 P8 Cone Gub
Al g ol celid 4 gy s 510>

Pl bugin pins OB s bogie 5 by (5,08 @l pols Ju8 ETABS 4ol LT
Q.MQJLSA

G Ly cuns ,iS1a> cosgame b sl ) (55,08 ogiw 9 oo sl ETABS sl b .4l
J}&@)Jhﬂ@w} [°L‘..'! @';&él&'f.).c C")W)'>9g5“’))‘.‘|)}\'md ))I):C»ALk.\a

Section is not seismically compact for moderately ductile members (AISC 341-10 Table DI
Section is not seismically compact for moderately ductile members (AISC 341-10 Table D1
Section is not seismically compact for moderately ductile members (AISC 341-10 Table Dl.
Section is not seismically compact for moderately ducclle members (AISC 341- lﬂ Table

i i ACT, AISC

099 dxawo This publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

283



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

2P

e

0539 (s BB =Y

Cod9aze by, 85 ks &y Sl Logiw 9 la s cL:LTu AISC341-16 9 RS S Gub
2l Mg plp el 4 by s 3510

plsl o5y sies OB )3 logiw 5 s Soib sl ol Jus ETABS aab, LT
Q.\..\.QJGA
1 Ugy s 310> ongime b slos ) (S35 bogin 5 W,s sl ETABS aolsy .al,

Section is not seismically compact for highly ductile members (AISC 341-10 Table DI
Section is not seismically compact for highly ductile members (AISC 341-10 Table Dl.
Section is not seismically compact for highly ductile members (AISC 341-10 Table D1
Section is not seismically compact for highly ductile members (AISC 341-10 Table

i > Q ; AISC ~

wJbe
bt et

; Ahd Amd
s el i 3y S5 | gblia sladl
’m:r:f l_b_gﬂ yiy Yy 9 S5 g_sl.ﬁuaiw él.m 5LQ(5)¢.«H
E ! Bl g alole b o9 slais
e P 4 s slagie s
0 deny

09/\ dxawo This publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permission

M.Alirezaei@iiees.ac.ir

284



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

.

v =l Fyore (oiod B 3 ygiuw & g Jlail Slol 31

Required Shear Strength of Beam-to-Column Connection 3

0

— — 3

C 3 g

— — ;_l_

hs
L 1

Jos Olgign pied LB g5 ol Slays Aoy 5505 Ogiw & L Vsl Slb o
Jlasl 5L 3590 Caoglin b S 5 53 0w & e Jlasl s 53 | Ketwdly Joaio oSt
11RM g s ) abuly Sl Vgt 4 L0

GLU oot Klial Jsbes 55,5 5 o b sl Ot 4 5 Jlasl 5o 3590 by Caoslin
Z(LIRYMp) 139 Gaas 525 Slos ) o 9 Bigubsn oS 53 ‘U;’) 98 LS )lae

M,

A

Vu=—'ch Wael B P /\

0%4 dxaw This publication or any part [hereofmust not be reproduced inany form W|thout the written permission

v o
ALES 0529 9 bawgie oiod OB ) yoiw A i Jlad! Slel JI
Required Shear Strength of Beam-to-Column Connection 3
0
— —] 3|’
o o <
— — 3
.,,
S, L, S, T
C.RM 1.2D+L or 09D C. R M,
@@HHHHHHHHHHHHHHHlHHHﬁ<D
Vs Va=2[Co R, My 1/ Ly + Vit Ve
) N 4 . o,
()V 4xa.0 This publication or any part thereofmust not be reproduced in any form W|thout the written permission -

M.Alirezaei@iiees.ac.ir

285



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

C/, -
~ o Gk g Jlail donis 4l

L)V \ dbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

‘ sl Koo sl iy 13 S s 35 4
M.
. (5220) oa -
BT

LI ey, o7

vialy /|
g %,b/—\ CET-16 b
ASCE7-16

12.7.3 Structural Modeling

For steel moment frame systems, the contribution of panel zone deformations to overall story drift
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FEMA 451: Members were modeled using centerline dimensions without rigid end offsets. This
allows, in an approximate but reasonably accurate manner, deformations to occur in the beam-
column joint region.
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Model I: Rigid zone factor = 0, No panel zone

Maximum deflection: Ax = 3.05 cm
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Model 2: Rigid zone factor = 1.0, No panel zone

Maximum deflection: Ax =2.52 cm
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Model 3: Rigid zone factor = 0, Panel zone from column

Maximum deflection: Ax = 3.31 cm

2 o 2l o 4l &5 s el Lo
Sheoliwl b Jlasl deie 9 a3 Ll
Ll 00l (SHldae Vg wdia Slakie
0ly9s 9 0390 piy Dlasil la o 3 Joo ol )5
sl el o a5 T s 6ok
S9ub 503 dmogs e pl 35 Ko 5L ol
QL abblxo e ol ,o K Luole 1,5

AVR Axbno Th|s publlcatlon orany part [hereofmust not be reproduced inany form W|thout the written permlssmn

oty

Model 4: Rigid zone factor 1.0, Panel zone from column

Maximum deflection: Ax = 2.83 cm
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Rigid zone factor 1.0, Panel zone from column Rigid zone factor 0.5, No panel zone

Maximum deflection: Ax = 2.83 cm Maximum deflection: Ax =2.77 cm
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| Box EBF

C300x8-200x15

ConcBm >

),

= o LS
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3003 aas a8l 28ly ehite Slaseins b glhas [ XML b wlasiio Jl>
<?xml version="1.0" encoding="utf-8" ?>

<PROPERTY_FILE xmlns="http://www.csiamerica.com"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.csiamerica.com CSIExtendedSectionPropertyFile.xsd">

<CONTROL>
<FILE_ID>CSI Frame Properties</FILE_ID>
<VERSION>1</VERSION>
<LENGTH_UNITS>cm</LENGTH_UNITS>
<FORCE_UNITS>kgf</FORCE_UNITS>
</CONTROL>

t the written permission f
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<STEEL_I_SECTION>
<LABEL>Hshape</LABEL>
<D>45</D>

<BF>25</BF>

<TF>2.5</TF>

<TW>1.3</TW>

<A>177</A>
<AS2>58.17936</AS2>
<AS3>118.484</AS3>
<I33>63443.75</I33>
<I122>6517.74</122>

7 <S33P0S>2819.722</S33P0S>
<S33NEG>2819.722</S33NEG>
<S22P0S>521.4192</S22P0S>
<S22NEG>521.4192</S22NEG>
<R33>18.93249</R33>
<R22>6.068228</R22>
<Z33>3176.25</Z33>
<Z22>798.15</722>
<J1>291.5408</1>

L <CW>2939860</CW>
</STEEL_I_SECTION>

</PROPERTY_FILE>
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. . L L, = distance between beam lateral braces
Lateral torsional buckling controlled by: il J

A

Beam lateral braces (top & bottom flanges)

r, = weak axis radius of gyration
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AISC Seismic Provisions — SMF and IMF 0529 9 buwgio UB sl (Sl Lo

Lateral Bracing of Beams

Both flanges of beams shall be laterally braced, with a maximum spacing of:

E kg
SMF: L, <0.095 (m) 7y, <= 72ry, for E, = 2400 m)

E kg
= L, <0.19 (RyFy> 1y (= 142r, for F, = 2400 m)
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Design menu > Steel Frame Design > Lateral Bracing

Location Option L
O Program Detemmined (@ Relative Distance from I-End O Absolute Distance from I-End g
@ User Specified
Braces
Specty Point Bracing..
Speciy Unifom Bracing...
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ESTAN
Prequalifed Moment Connections - AISC358-16

Connection Type Systems
Reduced beam section (RBS) SMF, IMF
Bolted unstiffened extended end plate (BUEEP) SMF, IMF
Bolted stiffened extended end plate (BSEEP) SMF, IMF
Bolted flange plate (BFP) SMF, IMF
Welded unreinforced flange-welded web (WUF-W) SMF, IMF
Kaiser bolted bracket (KBB) SMF, IMF
ConXtech ConXL moment connection (ConXL) SMF, IMF
SidePlate moment connection (SidePlate) SMF, IMF
Simpson Strong-Tie Strong Frame moment connection SMF, IMF
Double-tee moment connection SMF, IM%\/
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R = Radius of cut =

Reduced beam section connection.

\/\ Reduced beam
section
°
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Protected zone
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(a) (b) (c)
Extended end-plate configurations: (a) four-bolt unstiffened, 4E; (b)
four-bolt stiffened, 4ES; (c) eight-bolt stiffened, 8ES.
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\/\‘ Protected zone = 5, + d

/— Shims, If requlred
fimil
]

R

1 |—— Single-plate web

Continuity and doubler -4
plates as required // connection
=)

imil

J\
T | . .
S Shims, if required

Vv

Bolted flange plate moment connection.
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| Protected zone
[ d 1

WUF-W moment connection.
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(b)

(a)
Kaiser bolted bracket connection. (a) W-series connection; )
__(b) Brseries connection. v /N v 4
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Collar flange assembly

Concrete fill

Collar corner
assembly

Moment beams
on any or all faces

Square steel HSS or built-up column

Assembled ConXL moment connection ‘
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Cover plate
Horizontal
shear plate ;:;‘:;I‘Shear . %V\"S
A
et
Side plate- Q%
(a) (e)
(d) (e) (N
Assembled SidePlate uniaxial configurations: (a) one-sided wide flange beam and column construction;
(b) two-sided wide-flange beam and column construction; (c) wide-flange beam to built-up box column;
(d) HSS beam without cover plates to wide-flange column; (e) HSS beam with cover plates to wide-
flange column; and (f) HSS beam with cover plates to bw y o
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Protected zone (top and bottom
Yield-Link and shear tab region)

Buckling resistant plate bolt
n\( 9 Reduced region at . V\‘S
Link to beam flange balts Yield-Link stem " "\%
_ e YT N Q’&"e
i 5 s A L/ Je @
@ [—] e @ @
Horizontal slots in
/. shear plate <
Standard [( 1’

hale ~ ™~ Shear plate

]
Yield-Link stem Yield-Link stem
Buckling restraint plate spacer Yield-Link flange
Buckling restraint plate,

typical top and bottom
Yield-Link to column flange bolts

Yield-Link flange

Column

Simpson Strong-Tie Strong Frame moment connection.
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Finger shims (if reqd.)
/ T-flange
Tension bolts
T-st
Continuity plates (reqd.) ﬂ Shear bolts e

Shims (if reqd.)

—]

[ypical double-tee connection
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340)
uREDUQED_BEAM e

Hinge location distance s,=a+b/2 q

6

Reduced Beam Section (RBS) Connection
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Hinge location distance
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% Bolted Unstiffened End Plate (BUEP) Connection
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Hinge location distance s,=L,

Bolted Flange Plate (BFP) Connection
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Hinge location distance s,=L, i
Welded Flange Plate (WFP) Connection
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(WUF-W) YT R RWARGINGY | mﬁlm,o Jlasl =&

Welded  Unreinforced  Flange-
Welded Web (WUF-W) Connection

/],

Hinge location distance s,=0
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Confimity plats Bottom flange plate
should be welded before
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Deylami, A.; Tehranizadeh, M.; Gholami, M.; Panel Zone in The Flange Plate Connection to Box Column;
Proceedings of The Thirteenth East Asia-Pacific Conference on Structural Engineering and Construction (Easec-

13), September | I-13, 2013, Sapporo, Japan, B-4-2., B-4-2 ) 7

$4Y dxaw This publication or any part thereof must not be reproduced in any form without the written permission

e

e

o

Sh

I S99 8)9
A / A
X X

25mm
h <

R =20mm
/—OL? sldi b dy9 [

B

a <30

AN
=Y
=
=t

B
X

N = I
\— S 5 B9

S pelel il 9 (S b,y

/—6,-»’):} 89

HE=

B-B zhie 7 A—A éum

S 90 809

$94A dxawo This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir 349



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

€Y b )
',';Jv‘ 1% ):3 4_: .b,_!)‘ 6“@.-’9-‘-’“

Ablses Slme ) hgx plmil Gl (o iwd Flygu dnms 5 Sl 9o o &z

5 Gowas Sy Slesl b ogin 5l Aol uly Wb eas cbli> 4l s slesl 95 Lo &
.Jﬁﬁé;)a)ésg')l)'J@H&C@ajogh(w|)f)}gGrd.)f).ﬁ)gs)-w)-g)

) G y) 9 S S slenl Joe 5 b s 69, 0 §) Sawdls Juate Joo &7

Sh i ..)942 41.9; )LJ PR s(wl )Sf)).\ 4.{ r’l.).{
h
[
i Sy Juata
i ®
i
I |
oa Cbli> a4l

9‘\ q Axbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

e
d<90cm e b el 40 5l L L5 ghie Ges &
tr <3cm e 5ol jrasie ¥l ianls i b cslss &
L _ B
525 .inw)f).ks)sflafé)ﬂ){hjol(:_Jalo@.a.cdg)pobld}l.m.)w/
bl o one @l ) S Gl (oilr s sls b la s
E
L, <0.19 7
A tfi RyFy 4
5 1 5
H d E

Y- dAxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

Email: M.Alirezaei@iiees.ac.ir 350



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

k.
,,/ (= Jlasl ol j=

a9 JolS 358 L 6398 sz g5 5l b s Jb & S 9 S e sladsy Jlasl &
(S39 Lher Cady S Mo ey Aol oslatul g H5 Bl adeS (e g9 5l 5 sladl
Higd Azl ) g plsil Sl G Bl ey Gladens

a5 oz b Jalf 358 L 358 Gdox 95 5l ML 0w Jb @ 0l (0 L) $rs Jlasl &7
b 4.9).b 95 Wb 4..2.»9? uRe Ol Lé; B9 )l ealanul Sy ) Sk

Ak 4l Qe g5 5 Rl Olr 4 0l (Ldsy L) Gl Jlasl &7

25 sldh 4 LoT iy Slasin 5 9 6w 9 S mas S culbes g slal &
slcwglio s ) oed Gt Ogiw 4 L Jlasl Sl sy e Cwglie Gulwl L

ot Sl 9 0.9 Ll Olgie Ghozr Slasin Guss sl 1) O cueglie Jrals g (b
b8 k5 53 10 il s 05 9 6 s G culis

V \ Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permlssmn

Gtk
nobr Ogiw 4 bgs po sl d9aze

WA PR T R oJ..LA.:.QfQLobJI Glhe (3,9 5l oad asl b g oad 3,9 sl u,}.wéhi.o/

238 Jeato Ogts Jb & tanly 5

—  ——l E———]
S8 Jlas! Lia Il
L O
[ | [ |
s, Jlasl S8 Jlasl

% \/

Y- T' Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

351



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

2K shls g losle i JIs b e b )5 ko 5 JK8 H slaogin ghis Goe &7
les Holos jiegil Bl lojle i JIs Sle s g resilo 40 5l als oo )5 Ogdae (55358

Aales Hol el Ve 5l aols B9 5l oo sl IS4 (bgd slavgiw ghie sl 9 Gos
2l 3979 (290 Jb cwlses b bLs )l o &~
Sl glal |, (B e Lilgs sloj ) bulgs sl Jlasl s &

..5)|.L‘» 299 Ugiw d,b Ju>|9 )9 l.a .lol.\.?)l PENP TR &

Y- \" Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

2P

s=lb X9,

adaly 5l oslizal b (M) Kby Josio Juis Jomo 3 Uil 3590 piead S laia -1 o8
g S )

M

or = CorZoRyF,

y'y
r,..».l.mv" "th\.g)mﬁl.))yrv*ly "u:.;sw. ))l))RyakJélAP[v.&lMA)" "U:AJJF),;)Plkkgl)))df

A o5 bl il 9 o9 Slaad (e (5,8 Ol Sl 4 by e oo CPr dlae J3la>
=->aTu«° Cwds p) abl, Gub

Y- \c Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

352



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

Aoles s 5 slesl 95 ,a 50 Sawdl Juass Joe ps ool sbul b (59,5 Jlade -Y ralf
S sl (Klial Uoles 5,5 k5 55 b sl Setdly ko 550 03 (o uoglie ke
Bgbo oS 5 A5 69w b g osal cawns1.2D + f1L + 0.25 L S 5 5l & 5l 0
Wl b S 5 )3 g et Kty Janke S35 sladme 53 Mpy s S ol
55w g 1l () 6 pma Juaie OKa Y o8
Sp = max(Lpt&Lpb)
Ot 1 93 (Kt o Jomo 53 5 Oy Cagd b 45l (556) 00 ol S lade -F
D9 S
Mf = Mpr + VhSh

Aibir S 2259 S pwas S0Gs 2b e S o 55 5 esel s o 9 S lade

V O A=t Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

g IS

(b o5 b 02,8 Golol st (Bpp) S ms2) Bog L2 se 1S ppts B9 Calid s -0 p
=[°1‘3’\€ asls yogz sl p (B slad 4l 9b 4 59 g0 (puanS

bpb = bbf + Scm

G w20 B9 Cols il P@‘,} UZ’B" GW);AALHA YO 39 J)L)sb)) O Hguo C)‘ll PE)

O ghuw

Y+ & ax=iw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

353



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

t

P ¢dx<d+t”7b+%>xbpb X F,
oobol 1 oolae 8Tas g JBlas b Ghex dm cpuns o . abbie Og=1.0 @48 abal, ;5 a5
A5dl cnls aol 4 dzgi b pas Conn Gulal j Gher sy JBlao 5908 ST s Eomee
Nk Al sgdi g 5 Jb culhs ulul g dalys 5 ws, Gos cwlis Sl 5 SL
5o obex A S s bl edee 0 51 ST LS Ghex dm Gl ) OYlasl s a8 il azgs
25l am calss by Ghsz am S las Hlake edioe Gr (Ty) L8 Jb culis Gulul
g3 Ol ) LiSTas Hlaie Olgs oo S w25 Bo9 dob hall Gl aib o jiado ¥ sloin

Pgdisr oms B9 dob O pululys 9 ssal vt 55 5,90 Ghgz Jgb Lol
My

Ly, = 7

tpp
¢Rnx(d+%+%t)

b pad e ululy g a0ty Jsb sl Waw&}w?ﬁw

Y+ Y axiw This publication or any part thereof must not be reproduced in any form without the written permission

Ogiw 93 03 skl s elel 1o 6 w225 B9 Job (L) S mpns o9 ob mns -5 pl8
bl ol w2 Bo9 Jsb 398 00 s

Ly
Lyp = —=+ 2™
pb 2

g i eakes VO 5l G,y cwulks &S SHgo R L RTINS
3905 05wl E70 59,531 51 zwsls

bl (Bype 12,8) o) Bo9 UL Cand o ,e 15 mwe) Br9 Cmlis s -V P
il 4nsls (o sl (B sLad 4 gb 4 a5ise s B) s b o0

5Cm

pr = bbf -

\z A Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

354



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

C/,

»V

My

tpt =

t t
¢dx(d+%b+%t)xb2pthy
.le.:Lsn ¢d=|.0 (593 4.L7.:|) 09 as”

D9 st (S pm9) B9 Lo Caewd o, —A P

bapt
blpt = Bp

Ot 42 Jb Jlasl 398 Gag> &5 (Goge 13 bl Ry il cu o P Ggs abl, ) &S
39 Jilea (S w9 39 L;l)a 69[? als” LJ&.Z; (5L> L) U|93L5‘° J- L)"l PR C,d;)b.v).) gi)

4».094 U“’?’ d),ufglfl u.uL» ;MSLJ\‘JJQA.«.J .)9.0.: oJM'ML}iM‘)l 56}.‘»}4)4;
oy oslisal oS KA S o plosl i o ,mé/

Y- ‘1 Axbno Th|s publication or any part thereof must not be reproduced in any form without the written permission

L
‘.;JV‘ v

Cround L)")'c' )I).I..m_.) b)la.o.ﬁ S 9) Cﬁ)g O U")‘" )LLEA ‘P.Q.) e qy U':"'-’-I)'-’-B PEIELE Tt
1l 00 0l S w9 L§)9 k):')" n.Sl)—' x) 69{”;}2&6@' 29 ol 00 03l )Sig‘)l.g

25mm
\/ R = 20mm

blpt 1 Plate A b2p
/Ea <30°
Lpt |
| ~l

Y\ dAxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

355



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

b9z dm polie il g Jilas b Ghex dm pmtS )3 5 A Sy B9 P9z S -1 el
B9 Jsb opizen 9 S 9y Bo9 Sl 5o 255 hgx b3 Ugb gad cule) pad Exe 3ub )

My
Ly = top  Cpe
¢Rn X (d + 5 +7)
1S 090 B9 Usb et 1 o
Ly =—+L
pt 2

Y\ \ axiwn This publication or any part thereof must not be reproduced in any form without the written permission 4

2P

S a8 b L 0l JLsl G 6] s0lr sl 59 Salins 3 2,6 16 uass -1 IS
L 0lr (9 sl i 0l 0l sl gz s laie Sl 3 il s ol Js glis|
im0l By glis)l Olgs oo 1o ;8 Jlasl s 39 0 a8 5 ks )5 L5 Ol glis)l 2V Ll
o3litl U 35 o et (V) 55 ales L ool 2 0lr sl slad s cslis b 5 ks s

g0 et Ol Sl b Br9 clses ()5 dhal,
Vi < 0Ry = 1.0(Lyptyp X 0.6 X E,)

J93 B 3l 0 sl sl &5 (g o3 9 il (0 Ol Jlasl Gy caelis t, OF s oS
D9 M|9.'> @)9 9> QAL‘Juo &}o.‘?m ).)l).) th )lJBA 5_59.4:) oslazwl

V\ Y dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

356



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.""V‘ v

109t 4 O B9 Jlasl oy dmr izmen 9 5 Olr @ Gy Jlasl Ghgz dm Guns 1Y B
Ot S 5 Ghsr il 03 d9bie 45 B s 596,95 oge e Olr 4 Gy Jlasl sz
9 @B adsS gz Sl lagier gh 5,0 alolh ) JKG 4 aszlie b cils paalys Glom
i el ﬁ')eé;u%? b (sl Olos (rizeen

bi,

i

2by, + Lyyp ;
Ly e,

_ 8by +6by L3y, + L3y bd i ;

P 12 2by, + Lyp !

X =

b
V=1, T =V, (byy — %)

5 U r oS 5l e Gher ol Sy 4295 sl g 4 Ol Boy Ll g dm sl
L ply Gogz owyil Olos 9 M =V, (byp — %) plp 0T Gies jlaie a5 cuils [Mlp,_;o

Y\ \" Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

Ch,

oV (9%

Sga J,us G(I.w% sla@ g sl eslawsl r:g}]—\\" flf
b J,a8 Jlasl asir 4ol -1 F ol

V\ f dxio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

357



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

y 03 b oy 135" Il 31 Jli
) /\“\ S 239 9IS

S

bugs ) Yox¥0-x¥0. slal 4 Glaxs & G 4 1) IPESOOéJa.a.Atg,“s)b,:f Jlasl
sy90 Jasl wlsse awles (b WFP) 6 w505 9 s slad)y Ko 4 Shs> Jlas]
Ao Ve ey @ o, g9, 055 9 03 0 ,b ol ol sad 0sls Olis 5 Lo

P
o

qnzlooo%g gh a S k65 )5 ey p S elS
NNRNNERR AR kg

q,=800—
FRRRARNE SRR i :|

S 2 IPE500 i i IPE5Q0
DRRRARARA INRRARNE i
BOX 350 x 350 x 20

- N .. _ = N — = - - — - W ;\y\/

Y\ 0 axiw This publication or any part thereof must not be reproduced inany fnrm W|thout the written permission

Ca | §|
./’(%v

-

d=50cm tpw =1.02cm  byr =20cm tyr = 1.6 cm kp =3.7cm

3 kg kg
bx — 2194 cm Fyb = 2400@ Fub ¥F 37006‘7’1’1_2

il 25 &g Box 350x350%20 ogiw ghie Slasi

d.=35cm tew=2cm b =35cm teg =2cm

kg kg
Zcx = 3271 cm? ch o 24006‘7’1’1_2 Fuc = 3700@

(Mpr) Sty Juaie Juslis Joa p pllsl )90 pies S lade - el
_E,+F, 2400 + 3700
PTTO2E, T 2x2400

y
Mpy = CprZoRyF, = 1.2 x 2194 x 1.2 x 2400 x 1075 = 75.8 ton.m

=127>12 > Cpp = 1.2

V\ $ d>awo This publication or any part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

358



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

Pebin om s Sledl 93 0 )0 Kwdly Jaia s o 0 Sbml (53, 9,58 ke Y e
A5 o siessle 00 ol Ogiw 5l Sawdy Juaie alols (=50 €M) L5 Gee 4 axg b
bl bdsy dob slr 6K slasl Sl plsil G Gy ST 3gi00 4 F

e S5 Isazme |) Slislona

I L]
L] -~ -
< < a (N |
= A
. L]
L "I - L] — L] * — L — L — L — L — L] — L] — ._ L] — L — L ._
I < Sh SE Lh S Sh S I
[~ 7N i) ~
. -
" N 7 N B o/
YV dxiw This publication or any part thereof must not be reproduced in any form without the written permission
= (W
‘,"“ ! v

L) ol ).I').Iﬂ.;LSB) )l)ﬂ.:).ko 03).2.»? )L'»
w = 12D+ 0.5L =1.2x1000+ 0.5 x 800 = 1600 kg/m

2M,,  quLl, 2x758x10% 1.6x3.65

Vy = L + = 44.45¢
L 365 2 on

bl uly 8 P 3 00 035 e 4 az g b iogie 1l S) 6 pmes Jhade OIS Y ol
Sp = 50cm

DR S
My = My, + VS, = 75.8 + 44.45 X 0.5 = 98 ton.m

\ \ A axbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

359



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

1S g 225 B9 Calius s -0 el
bpb=bbf+56m=20+5=256'm

039: e lada ol 5l Ot e (Gl Gug Blp el YO s 288 5 0 4 axg
My n 98 x 10°
t t |
¢dx(d+ﬂ+ﬂ)xbpbx}7y 1.0 % (50 + 1.5 + 1.5) x 25 x 2400

t ~ 3.08cm

pb =
2 2

aay Jilas Slade wol G =16 €My o G Jb colis) 550 askd culis 4 azg b

V\ q Axbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permission 7

L
‘.;JV‘ v

9bsn Al ) Djgo 4 alsS Gher (b Ceglied, F LA Cm g aey p2,8 L
M; 98 x 105

LW = =
tor | € 0.75 x (0.75 X 0.6 x 4900 x 0.707 x 1.4) x (50 + 3)
b | It
OR, X (d tot5 )
=113 cm
=(Lpb) S B9 Usb e -5 r’lf
L =L—W+2cm=£+2”" ~ 60 cm
) 2

V-

l.: Qu»').)l).)).:.{g_)laww).c Lsrug)é)gwbuouﬂ.ﬁ—v r:lf
bzmzbbf—Scm=20—5=15L‘m

V\" Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

360



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

C/,

uv

:J,»ZGA OB p) O ygeas (tpt) S 9 39 Caoles
M 98 x 10°

t =
t t
¢d><<d+ gb_l_%t))(bzpthy 1.0(50 + 3) x 15 x 2400

~52cm

pt =

\ww@ -

B=0.75 Logz (qwiil cupd 02,3 b ogd uats w9 G0y Sudse Cawd (o, A o8

:p,g)'.)
bapt 15

blsz:m:ZOcm

VY \ dbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

G k.
e

A 88 (s b cslss) 550 anksd cnlind 0 425 b 15 5 pmis B9 gz A -9 plE
wbua ).:ul)Jlbg)wlmf)’)»d\.w;u»yMJB‘»)lAMrwltbf|6cm
2 U)wdd‘\.w; Ure Ls’l)b Caaglin aw—|.6 cm 9> J.z.:uo)slaw| )S)Lulas

QWL;OMBM
My

LW=
t t
pb , tpt

¢Rn><(d+ 5t 2)

98 x 105

= =97
0.75 % (0.75 X 0.6 X 4900 x 0.707 X 1.6) X (50 + 1.5 + 2.6) am

(S w9 B9 Jsb s -\ - fl?

L, ., 97
Lpt=7+L =7+15z656m

V\" Y dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ;

M.Alirezaei@iiees.ac.ir

361



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2ol Gy gl Jlaie (2,8 Lol dlasl Gry culbs 5 poe gl pum 1) Pl
V,, = Vi, = 44.45 ton < ¢R,, = 1.0(35 X t,,, X 0.6 X 2400) x 1073
- typ, =088cm USE t,, =1.0cm

.)9‘;‘:(544 A.U)f)b).) bwp=|0 cm )J|)J UL> B9 U2 S Oed

109w 40l B9 JUasl Ghga A e 9 405 Ol 4 B9 Jlasl Ghg sy s 1Y P

by ao-2?
= 2by ¥ Ly, 200-2)+35
L 8by + 6by, L%, + L3, Lt
P 12 " 2by, + Loy
8(10 — 2)3 + 6(10 — 2)352 + 353 354
= - = 38238 cm?
12 2(10 = 2) + 35

YYY axiwn This publication or any part thereof must not be reproduced in any form without the written permission 4

-

sl 38 50 5l 29,5 5l (G0 Gl 5 pedtens U3 0 2Lk Slag
= 4445 ton
by, — %) = 44.45 (10 — 1.25) = 389 ton.cm

V="
r="W

~ % T(by = 0)\°  (T(Lwp/2)\"
e (e )+ ((nt2)

_ \/( 44.45 389(8 — 1.25))2 . (389(35/2)

2
2x8+35 38238 38238 > = 0.957 ton/cm

R, = ¢BFyy = 0.75 X 0.75 X 0.6 X 4900 = 1653.7 kg/cm?
R, 957 kg/cm 0.57

- LRI 5y =2 2077 USE a, =8
% = 9R, ~ 1653.7 kg/cm? a7 4w =375 Gw = Emmm

g oo 03kl (§398 Lhex Sl Vgiw 4 Ol> B9 Q\L:ﬂ Sl
A’ <

e o - = L

YYf ax=iwn This publication or any part thereof must not be reproduced in any form without the written permission

Email: M.Alirezaei@iiees.ac.ir

362



WebSite: www.M-Alirezaei.com

Telegram: @AlirezaeiChannel

Email:

LS
'.:‘“V‘ v

Gt 9 G SBG )9 SaS & o )15 S JLal

Jlasl b 9 36 oGy BFP) (s m 505 9 6 pws) sladiy K5 4 (o 15,8 Jlail o
Dgh o e g bwg 5 sladh 4 K05 B,b 5l ead Gher Ogiw sladl 4 (i bwgs
Jol8 (63485 i gy Ogiw Jb 4 3,9 Jlasl il Ol ol sl 9 oYL slad g
bug Ogiw Jb 4 L5 0l Jlasl 5,8 0 Sogo b cunglin b slagy bwgs 5 b 4 9 (CJP)
JL?*ﬁ'bMu“RUwJLe“e;iPd)b)U@ﬁut?ﬂd;bkia)lﬁéd)a'—ia
03 5 3505 oolitwl bawgie 9 0599 6 pdKh b shes OB s Olg e ) Jlasl ol L34 0

.)9.0.) Azgl p) Cwd9d 4 beg'l) 0529 G.J.A.o? ul;

VYA Axbno Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permission

e AP

LS
'.:‘“V‘ v

i ol caslian

PRI STR o

auc.r:li;@b:sh-pd

23S sl 3
3 g

V\" $ dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

363



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Yo
il e

.J,.oo Azgl p) Cwd9d 4 GZ»A..{L 0529 (5‘:"“? uLa PL)

23 Og83e 53¥gs sl K sbls 5 ol i dIs bosey 6 piadKs b phes OB s &
T%//—COMPRESS\\E JONT F.\LfE?S) 6}';#} ClgTen dL’ 92 d)'b 9 8 4 SR dls

o

#

EIGHT (d)

&
=
=
=]

COLUMN
BUILT-UP BIOX SECTION
T
|
|
)
|
|
|
|
|
|
|
|
|
|
|
I
|
|
+
J
4

L GIRDER WEB HEIGHT (Hw) [ &

#

CONTINUITY PLATE

=

PROTECTED ZONE

I

|

|
| |
| Sh i d | 0.5d |
(4 g

+ s

YYY axiwn This publication or any part thereof must not be reproduced in any form without the written permission 3

/;//7{./ S b -
oo 25 4 by o slaCad9aze

|dﬁbbmc\bbé)gﬁjtblhligoxus)yu%JLéLﬁAQ)ww_bbﬂiéiu/

2l 9l rastl Ve v Sl ks L ahie es A
Soles ol p SolS YO 5l suls s dgb axly p 2 7
3930 e YO 4 AISC 5 jluse cpl .ules jobs jredin ¥+ 5l gawls 5 Jb caelses &

| ol

k

w <2509
m

tr < 30 mm
d <1000 mm

Ol &5 b (5 il pow g

YYA dxiw This publication or any part thereof must not be reproduced in any form without the written permission 4

Email: M.Alirezaei@iiees.ac.ir 364



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

Sl Lo Vg 05 sies ol Lo 45 ks 0T hie Ges 4y 5 ST alas s &
Dgb a8 k5 5 eS bwgie Jies

s b 1) P.mswksh)‘) S5 b bulgs ol Jlasl ol 55 0o oslizwl sl s 7

L
EZ‘? For SMF
L
=27 For IMF
[
T T w Ty W]
d
i_[mmmmm ml_m_ﬂﬂ_frﬂ_ﬂ_l']_lll
[
L

VY q Axbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

L
‘.;JV‘ v

D 48,8 L5 55 5 Ges 0gdle A Ogiw 0 o s Jb

S 55 Jb 890 00 g 3,y 5095 Joa s Bl L 69 o (Sp) Ky Juaia Jona 7
g a5 I s gt p 4

bl o5 Hlore (5, Kb g fl-?d| Sl i Flhguw dnms 5 sl 93 5o s

Sh i T SR (093
qu“ Te ¥ ”é” i
| —— ‘
I[_FE[’! M M mm on !
R L Lﬁr”
s cbli> 4l

V\” Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

365



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

//lg]

93 )3 «opl

E
SMEF: Lb<0095<R F)

2 ogdde il pas cous il Sl b Gilhe (S Jles sbls Bk s
25 ot s b o oad wblis 4l gl 95 s slabol o Lol sla )l anxs 5 slel
on sladlol s la s a5 Shgo o il g db b s slacl ) el a3l ol 5l s
Yoo ply 5Slhs sladol 4 Gn 50 Ogdse ©o¥s sla,Ki s, bl sl cbli> aslb 9o

E
" RyFE, Y

TR R (25090
| |
1
1 1
T L - :
EWV Y 4 105d] 5ot leon
H I 1
: : oy d
il 1 !
i 1
[Em oo m : | I
' I
1
Sy + 1.5d '
odd Cbli> dsl

V\" \ dbo Th|s publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permlssmn

i 4 by o SlB9ane

358 Jls!

3,8 ULl

:

13,8 Jlasl

Mb&é)somd&af@b|)| Glae 39 5l ool aislw b g ou 3,9 Ls:.uu..)_l.l u,jmélzﬁuﬁ
238 Juate Ot Jb 4 (anls 5 &

..5)|J.5 2929 Ughw J,L J..'>|9 )9 l.a J:,»LS)| 09 ($RD9Ix &

T

IIIIII \/

V\”T’ Axdo Thls publlcatlon or any part thereof must not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

366



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

L
‘.;JV‘ v

P sbls g sl g dIs b phes sl s ol 5 JS6 H slaogin ghis Goe &
59l el Bl lole g dls Ole Lo g jmasle Ve S ls o s Ogdae (6oYg8
o9bs eatle Vo 5l s Gy 5l ead asle JKo (bgd slaogin zhie sl 5 Goe nles

Aoles

Sylas 3979 (2390 Jb cwlses b bLs )l o &
< 100cmor < 40cm

i < 70cm
————— ir """""" =" & & ____
< 100cm g
(e}
or ~
< 40cm \
— — 1 Ny _ ——— 1

VY'Y axiw This publication or any part thereof must not be reproduced in any form without the written permission 4

i Tl
Sy, Jlasl Sl 3

Gy Jol 398 b 5398 oz £55 5l b Ogie Jb 4 S g S Sldsy Jlasl

033k (0ad sgame yiagls YA & AISC 5) jiadin YV JiTas b6 b (o £95 51 0 sladl
[algal Slow Bl s culs sladews (358 Ghgx by o Jb Sy dews )l oslatwl &g

Sea e Jb g sl sladd,g o e 5 Legame cuolins 4 00,y slags g 5l ool &

A5k 4 ,b 95 4igS (o> b JolS 358 b 6398 g9 5l b Ogie Jb 4 Ol (5 89 Jlasl &

Olr S By cmls t, OF 4o 4) 0.8t, 51 Ll b 5 0 )5 488 Slagisr culss
9 4,8 k55 5eS teglee Ay (o

V\"\c Axdo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

Email: M.Alirezaei@iiees.ac.ir 367



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

4 N1 M D1 BOLTS (10.9)
f 1 N1 @ OVERSIZE HOLES ON: CONNECTION, PLATE
N1 @ STANDARD HOLES ON. GIRDER FLANGE
S
P (E70) SLIP CRITICAL

CQUTER FACE /—— SHIM: PLATE /7 HEB STIFFENER
MAX. GAP=5 PL1O
MAX. 1 SHIM, PLATE /

Tf

! !
!

T w = NE

d
| | y (E70) CIP FOR L=Shtd i

| < VB T0 FLANGE
| / TYP. FOR BOTH. FLANGES

£ NEB SHEAR PLATE (282172

L~ | ONLY ONE

! N2 M; D2 BOLTS (10.9)
| 15 | §l N2 @ SHORT SLOT HOLES

|

GAP SLIP CRITICAL SUP CRITICAL
NI 8 OVERSIZE HOLES
| NI M. DI BOLTS (10.9)

COLUMN
BUILT-UP E‘OX SECTION
I
\

\

4
\

\

\

\

\

” |2
\

\

\

\

\

\

\

[

\

\

\

}

v
GIRDER WEB HEIGHT (Hw)
GIRDER TOTAL HEIGHT (d)

L} 50
|

#

\ ] \
\ \ [

=

BOLTED FLANGE PLATE L1xBixT! LATERAL BRACE CONNECTION PLATH
CJP (E70) SAME FOR TOP & BOTTOM
QUTER FACE
) sh L d L 05d L
'\ K &

-} — . ‘af*
VY0 axiw This publication or any part thereof must not be reproduced in any form without the written permission 3

//

uv

sl Sl
l.m@)g C)‘ll Jlas! ‘SLQ@ sl 9 Slasiw P9 G 9 Sy leﬁé)g CaolBus 9 ..>ng| /
Om 93 Kigh oS Ogie 4 w5 Jlasl Sl 3)9e hes caaglie Gululy Bb s b @
s (S I8 gy obb Gy b d ceslis Glal oo (olb slacsslis
2D 9 S w9 LSL&B(})} 2 Ui..J.S d)J.af L;l).g 909 }.gl).:\ C)I,SLSA ,&JB U.Z).g 9 GL.JS M
288 B s Sl 6

b Bl b8 o) Slagloges bl 5 e £95 3 B 55 0lr 4 Ol o s Ll

.L:l.a).:.“:ul>44&)9@‘JL03|6LQ@.1)|M9Qwﬁgubéé)gwlmogjl.u|/
D9l s Ogimw 4y 5 Jlasl L 5,90 (b Cwglin Gwlul

V\"? Axdo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission i

M.Alirezaei@iiees.ac.ir

368



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

Gk
e e
‘.;‘;V‘ v

).:3 )§>R O Cosws U)L&.A O )geo o9 ;;2.:.)) 93 ) LS:"'“'lL’ LJLA.T' PR} o3 oslawl LSLQG:':’. ﬁ
23 834 ealawul .Cl)’w D i 5 (Ges 5 LSI.M.{LJ o ool le.mé,:.l 59; Job g 0du>
So3r b s sslial Wlgige Jb Gs Fe Abl 31wl £55 5] gl 5 U 4 lags Ul
Syt i 5l eslial 335 sl b bgs Gienls s0d sl Glaglgw orizen A5k e

ks g1 1) oas s Lalgus sloj ) bslgeds (el sl dniir &

gb gL3l 105 Eonn Lulgd b il (558 gt — Caurd 5 o &

Olite o pgems 9 >y 93 )5 bz 6,8 3
o0 0000 5 sgoxe

V\"V Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permlssmn

2 NE
";v'b/‘ v

s=lb X9,

a3l oslital b (M) Kby Juaie JuSis Jomo 3 Uil )90 (o K30 Jlais -\ pl8
D9t O )
My, = CprZoRyF,

r,..».l.wa" "uiaﬁd.g)mﬁl.))yp*ly "U:A.ZSW. ))l))RyAkJélb(v.Jw "U:AJJFY;).:}ld.kgl)))df
8 539 byt plo 5 adgs $losd i Ui Sl & by oy Cpp s Jilas
=->0.TL;° Cwds p) abl, Gub

V\”/\ Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iiees.ac.ir

369



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

Gtk
ey
el 5 Cogar Slags b T s b il (Ksed Sl 6,80l cur Y p6

:.)9‘; O .))l.bb.w'

Lilgs a5 59 J 8 aghigw b ad aold 9 59 s 5L 3,90 o ,hd (§g3 abail) Sl oslawl b
2gb gLdl bls)l cpl ) R

o caaglie N9l U8 55 5 Jb d,e uizen 9 A 5L 9 oo Sl Loy Juolgh (ol 3550
1.0F,, A,

7, = min<{ 2.4Fpdptys
2.4F,,dyt,

V\“\ Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

2P

Cw&b @'3-(5"‘”"' (5«'(:).’ c,‘."\.e)b an :(03)') U9JJ)G:{UK Cl"i‘él"‘“’Ab ;d,.e 4.ba|) PE) a5
Shs dy (39 tlas ole s s Jolas Fup oo pdlas ol s’ s Jolas Fub (R

o3 ) adaly 5l 0lgs e g a3 ks s Jlasl sl o s Ayl rw sl -F 'olf
bl eslawl 5,90 L;Lcaéﬁ 3w uars (sl sawlio
1.25M,,.

REACETS

J.Lccwdqc\f)‘h_do)y&_;u@;volwn9Jbé)gwlﬁc¢tpr,§6‘.&d;é,éd.lagl))sdf
RO PRV SV g Ny D,

V\C Axiio Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

370



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

9 ot g 2 | (Sp) 6 e Joaio OlKa -0 plE
n
Sh:S]_‘l'S(E—l)

wd@bSWg@gJ'Mn‘Lm@{gﬁaa)w;gxij)abu}lw);&obs| QT).)Af
MLMZdb )l ngc )|.L§A )| LSZ.M{LS )|J.5.A C.u»l).:SJL)&Al ) &= 6[.%;.9.3.))

n
ny)
S 8 (2 ! T R (A9

[F O & o 0P

!_rtﬂmm_mrm

FTHYTE

Vf’ \ dbo Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

2P

Ylasl )y ad b laghsw alol Jlas sl i 2dy Sl proea 9l slade 51 sl s lade
G 58 0 alols T Geb mied AL S 5 Jadz o edd ool olie Sl ol (e
oy b3 plp ¥l b olog) Glaghsw 9 0as S5 claghsw o)lubinl Glaglgw 55

ke & a2l s I

o =3q | s ae Do mdog onbiosi 4 (55e5) (7B L o ooy 4
min 0)‘L|&».|Lo5_v‘<d&~)l.>°~.\.~u 0l
1.75d 2d

O
|

.-OOO

-0

s i

S,
> I I
_ ¢ >

.|c; s

V\C Y dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

371



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
‘.;JV‘ v

Aoles s 55 Glesl 95 ,a 0 Sawdly Juake Jxo 5 00l sl b (69,0 Jlaie -F ralf
S ol (Koliel dobs o588 5 5 b sl Ktadly Jaie 55 50 53 oby Casglio l0s
9 Vg 0 ;A.:.{)S AJJJ) 69,:3[395MT Cawds 1.2D 4+ f1L 4+ 0.25 L S 53 )|4f(5)|.).ﬁ),\b
B L S5 0 Ned e Sy Jaie a5 sladxe 53 My, dies S ol

el 0.5 s Jolas 0T Jlake 45 39 uans iy aesn Slolll &0 4235 b sl ) i

Ogins 1 95 (Seawdly Juabo Joen 53 55 Oy b 4 51 3L) oad sl S )lake - pE
D9 s

Mg = My, + Vi Sy,
23 85 (Sawdly Juaio Jomo 53 9) L5 slesl 93 53 o sl b p o yidin bl Vi O s a8
25690 8B slal jlade sl sl adal, Sl Jeol> K )lake s )5 abbe b s Ju3 p
el 03 5 D o Ogas 2 5 Sty Juabe (o Juold 3> 5

Vf’\“ Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany fnrm W|thout the written permlssmn

A%
£EPIN
Aales g 1) My S 0 Jb Gy )5 0 sbul (59,0 lake -A pl8
M
f
E,. =
T (d+ty)
XYW WS ST roL? 23 03 03) wi> éh@ Slaws coles” -4 roL?
F,
n>-=
q)nrn
Dgl gwy Y rol? 23 0dd 03 wi> Jb 3,9 cwls ol - - rol?
F,
ty = 2=
¢dFybfp

wldl’(59)@)9U0ﬁbfp9kJLd)9d3lJ>[v*l~*‘u'~\-’F ul).)é.f

V\C\c Axdo Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iiees.ac.ir

372



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

Ca.,
» :, qv
b Gy i (SOL s -\
pr—¢n
-Jﬁu‘m@p&JW&wﬁswwc@}Rnng&
i Jb B o s 1Y el
Fpqu)an
Pebisr omS mas Sona il 9 039 5 Jb (B b cud b R OT s a8
b Gy solad ples” a8 -\ Y 8
pr—¢n n

as b o 39&@0,..:5M;&m@&ngo;,;db@»&,l&é&dhfm)BR QT)AA.{
J;Ang)}«akleﬁ/d)il \Ylbrlflf)lwlf)y @I)&QAAJUM)GI)J ;)L:.»

Vf'a Axbno Th|s publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permlssmn )

Coglie Hlake g dunlxe 5 Slnl 95 S8, (b Sl 3)9e b 90 Jlade -\ F ralf
oS 5ol ol o B sla)h (Sobl dols o5 5 55 b b 5l 2590 (0
Mpr iz K Ol 5l g Sgiin S 5 a3)5 69, b g odel cawns1.2D + fiL + 0.2S
@ azg b gl i Jlde B L oS5 5o Ksd et (Sawdly Juaie S5 slados o

sl 0.5 il Jilas T laie 45 59 (uass pated Cemsa Ll

oM,

Vh - L— + Vgravity
h

3 b b 895 55 Vraviey 9 5 datel 53 K 5 Sawdly ool alols Ly of »>
295 S s Eonge Ly b 5 2 b b ail o S sl

g U>|)br\f rh‘f )JO.MT Cawds (590 5l eslatwl b (Ogiw );).)) QleL;(.?d)g—\O [::K

Dol Jus LS:‘“’%% R IT IR W fg}]—\? r:lf

395 Jyu8 Jlesl e %\M

Vf $ dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

373



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

L
'.:‘“V‘ v

\ o=

S 2259 w9 LI b (7 I 55 Jlail 5l Jlie

S &z sl b |, IPB400 abiie b (giaw 4 |, IPES00 ghiso by ,ls 8 Jlasl

L5>|)b oo P Jlage asles eolawwl V- .4 LQ@ 5l g Lj’l)b (BFP) G ) 9 S w9 s,y
pel a8 ks ,5Vu=10 ton

——y 37\,,/

V\"V Axbno Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permission

A
d=50cm =1.02cm b,y =20cm tyr = 1.6 cm kp =3.7cm

K Kk
I A 37006m—g2 S, = 1930 cm?

bx — 2194 Cm3 Fyb = 2400W

d. =40cm =135cm bcs =30 cm teg=24cm  k.=51cm
7 = 3232 em? h _ 40 - 2(2.4+5.1) 185
ox = o tow) 1.35 -
kg g .l
ch = 2400[,‘771—2 FuC = 3700[,‘771—2 = *:i:j:ju
5 S By L e S

3 bl cislise™

T ey

3 @ge

YA a=iwn This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

374



WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

G k.
e

b g oms (Mo) Kaawdly Juaie JuKias Jovn 55 Uil 5y90 ieos K3 Sloaa -1 ol
15 b5 4 olag 3l eslitl by 3)laslil Gl b Gigx bt Ciusy 95 3l eoliiul & azgs

:[‘,:v_)I.J 5}3-0-31-340
5 = bystyy = 20 X 1.6 = 32 cm?
A = Apg — 2(dy, + 03t = 32 — 2(1.6 + 0.3) X 1.6 = 26 cm?

by 2200 _ 6s<os Y, = 1.0
F, ~ 3700 t
(a) When F,Af, 2 Y1 FyAf,, the limit state of tensile rupture does not apply.
Yt =10forF /Fu < (0.8 (b) When F Ay, < Y;F,Ag,, the nominal flexural strength, M, at the location of the
Y holes in the tension flange shall not be taken greater than
= |.| otherwis _EdAp g

M,
n A[g

(F13-1)

where
Ay, = gross area of tension flange, calculated in accordance with the provisions of
Section B4.3a, in.2 (mm?)
Af, = net area of tension flange, calculated in accordance with the provisions of
Section B4.3b, in.2 (mm?)
Y, =10 for F/F, <08

= 1.1 otherwise 7‘\¥ y\/
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FyArm = YiF, Az

EApn = 3700 X 26 X 1072 = 96.2 ton > 1.0 X 2400 x 32 x 1073 = 76.8 ton
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E,+F, 2400+ 3700
C = =
LT 2 X 2400
My, = CppZeRyF, = 1.2 X 2194 X 1.2 X 2400 x 1075 = 75.8 ton.m

=127>12 > Cpp = 1.2
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139 a5 )16kl £65 51 05 S g Slag b -Y pl

U (BB om 20 12X2400\
b= \17RE )T T 10x3700) 2 T oM

Py omt g Sogar Br) Jb Gas boe GFLEM Ll db Gy cals (25 LT

Ngd U8 5, b pose orizen 9 & Sl L g oo Sl lagy Juolsd (sl 290 cnl Sl

o ) Do LOT Saued 5 b slajlas Golaly by 510 ol (85 caaglin
(odud aslass cowd > Ui':/..gg:h.»é,fﬂ} pie u2,5 L) gl

X 1.6%

1, = 1.0E,,Ap = 1.0 X 0.55F, X A, = 1.0 X 0.55 X 10000 X% 7 x 1073

= 11 ton/bolt

Ty = 2.4Fdytyr = 2.4 X 3700 X 1.6 X 1.6 X 1073 = 22.7 ton/bolt

Ty = 24F,,dyt, = 2.4 X 3700 X 1.6 X 2.0 X 1073 = 28.4 ton/bolt
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1.0E,,Ap = 11 ton/bolt
= min 2'4Fubdbtbf =227 tOTl/bOlt =11 ton/bolt
2.4F,dpt, = 28.4 ton/bolt

199 (R 03) eSS ) D ygeas oslaul )90 LSL"’@-! Slass A.:J9| = 6')—3 -f r:lf
1.25M,, 1.25 x 75.8 x 102
_¢nrn(d+tb) 0.9 x 11(50 + 2)

= 18.4
.)9.&@ oslanwl M1 6 &= Y. )|

G ._')9;“).;41*415 A S)go D g b S 509.2.“4).;)'| Sp) e Juaie 0K -0 r:lf
:P'l)b"":'

n 10
Sh=51+s(5—1>=5+6 7—1 =29cm
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RESIEE
Mg = My, + VS, = 75.8 + 10 X 0.29 = 78.7 ton.m

Anlesoo pmns b My S 0 Jb Gy )5 0 sbul (59,0 laie -A pl8
My 78.7 x 102

E =151.3¢
T d+ t,,) (50 +2) L

KTV SIS SV ¢ rol? 30D 03) > ,__gl.m(jf:.l Slaes coles” -4 roL?
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L§)9 Uo).c. L)o)B l.) .)9.4.;;@ IR <Y r:lf PRI o0 o)) L)»JD LJL) d)’ L;AAL‘ZAO CA.:LQ{—\‘ r:lf
ieoold enslo YO Ll b 90

b= 2em> E, 151.3

=18
= 9aFybry 1.0 X 2400 X 35 X 103 Fa

o113 AISC aubiopT J4. 1 iy ol il Bis oS (S a8 1) o
A, = A,
Ao = Ay = [B — 2(dp + 0.3™M)]t, = [35 — 2(1.6 + 0.3™)] x 2.0 = 62.4 cm?
R, = F,A, = 3700 X 62.4 x 1073 = 230.88 ton
E, = 151.3 ton < ¢,R, = 0.9 X 230.88 = 207.8ton Ok

Y
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ARV LB e Y . T | T | T
I [ s = R

U@)AGMQ)M@YQTw)ggoob(‘—yé)g);@Jléu:ﬂ&d9|¢,Jl:>).>
93‘[99*»&[9)3._&@;(54'C)@q.l.s)g.swGJBUL){rnganlp);.J.;ﬁfga)l)BQTg&iS
9 oad Ju8 sl DY LG e a0 20 omb 9 Wb s e slacs) e (B G

2,8 L8 S el o 5

12.5cm
000000000
10cm

12.5cm
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/”G‘/ @

ORp = QUpsFyAne + min(¢0.6F, Ay, &$0.6F,Ayy) Ups = 1.0

Ape = [22.5 = 1.5(1.6 + 0.3)]2.0 = 39.3 cm?

OUpsF Ape = 0.75 X 1.0 x 3700 x 39.3 x 1073 = 109.05 ton

$0.6F,Ag,, = 0.75 X 0.6 X 2400 X (9 X 6 +5) x 2.0 x 1073 = 127.4 ton

$0.6F, Ay, = 0.75 x 0.6 X 3700 X [(9 X 6 +5) — (9.5 X (1.6 + 0.3))] x 2.0 x 1073
= 136.3 ton

:P{)l..) u.gl;.:Lu
F,r = 151.3 < ¢R,, = 109.05 + 127.4 = 236.4ton Ok

Jsl < Jl> un
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:P'i)l" R bilgs 3b (Y 2>
ORp = QUpsFyAne + min(0.6F, Ay, &H0.6F,Ayy) Ups = 1.0
Ape = [10 — 1.0(1.6 4 0.3)]2.0 = 16.2 cm?
OUpsF Ape = 0.75 X 1.0 x 3700 X 16.2 x 1073 = 45 ton
$0.6F,Agy, = 0.75 x 0.6 X 2400 X 2(9 X 6 + 5) x 2.0 X 1073 = 254.8 ton
$0.6F, Ay, = 0.75 x 0.6 X 3700 X 2[(9 X 6 +5) — (9.5 X (1.6 + 0.3))] X 2.0 x 1073
= 272.7 ton

:r,..g)l.) u.gl;.:Lu
" = 151.3 < OR, = 45 + 254.8 =300 ton Ok

AN
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P’i)b R bilgs 3 (Y 2>
ORp = QUpsFyAne + min(¢0.6F, Ay, &$0.6F,Ayy) Ups = 1.0
Ape = [25 — 1.0(1.6 4+ 0.3)]2.0 = 46.2 cm?
OUpsF Ape = 0.75 X 1.0 x 3700 x 46.2 x 1073 = 128.2 ton
$0.6F,Agy, = 0.75 X 0.6 X 2400 X 2(9 X 6 +5) x 2.0 X 1073 = 254.8 ton
$0.6F, Ay, = 0.75 x 0.6 X 3700 X 2[(9 X 6 + 5) — (9.5 X (1.6 + 0.3))] X 2.0 x 1073
= 272.7 ton

:P.g)l..) u.al;.:Lu
F,r =151.3 < ¢R,, = 128.2 + 254.8 =383 ton 0Ok

g 13819 0alss 4y 45 Jb (B G S

SNNRNINNNINN

N
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b aizea 9 pad Cone F-F-0-Yo1 e s @ dogs b idl Gy olid isleS Jpas” -\ o8
iel> O 5 5l Bog ad (6 el 0 dlold |y azgs

KL 0.65X%5
= =56<25 ===> F,=F,
V12

Ay =35x2=70cm?
Eyr = 1513 % ¢uRp, = dnFy A, = 0.9 X 2400 x 70 = 151.2 ton
Strength of Elements in Compression

sl (_J 3 B g o, b
The available strength of connecting elements in compression for the limit states of e J) et
yielding and buckling shall be determined as follows:

(a) When KL/r £25
P,=F,A,
$=0.90 (LRFD) Q=1.67 (ASD)

VD‘\ Axbno Th|s publlcatlon or any part [herenfmust not be reproduced inany form W|thout the written permlssmn

(b) When KL/r >25, the provisions of Chapter E apply.

BN

JUail &b @ yglmo 5o Lae! g )Lis Cooglio F-F-4-Y-)-
@i sl bl p 5 b 4 Wb cOPy (Jlail Lol o gl o Lae! (g Lad canglin
25 ysbaie 2leS 5 gl
WL KL/ Y0 a5 5550 50 (Al
b= 5 P=FA, (IV-2-Y-1+)
ui )e as
sac S alais mlau= A,
oVod pols 25=Fy

Yoy e s Sl Gl g sl Lael g yled coaglie sl o KL/T > Y8 oS > 6l (o

.)5....1‘_,._.._..:..\‘
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éjllw' d.)l;.? )| 9).:.3 U'il c.w,l\/u=|0 ton ).d)., ‘5>|)b )L:; )90 GJ:)J 69).:.: )l.LaA—\f flf
ol 00l s J& Slag o uizea 9 e > O O, cud b 4 5l SL L

Fhb AF P s esel sy (b 69,5 3l elital b (Ogie 2 ,3) Ol (S5 Br9 -10
A 39 o0 48,8 b5 55 jxedea PL 150x120%10 slel & G0 <O sgbiie cpl sl 59000
o p oglie (0as Cone Gab ogh e eolitul 5 Ol 4 Jlasl sl 10.9 g4 51 M22

:Lg'.:,M|).g|}g(o.\.&43|.L3.>w)|ui:).gcbﬂ)9+croxubj§b)hh@

T X 2.22
o7, = 0.75 x (0.55 x 10000) X

x 1073 = 15.67 ton/bolt

ol 03 dgher s o Ol 4 Cus (S B9 a8 Culis 4 a0 b lags (i) coglis
Gog ad b 5B slasel Lo laghgw 3,0 alolh 5 iamile ¥l K0Sl lagy alol Gy
b sl ol 39 ST A b glhgu ad Gl alols ol ol 3gd00 42,5 testils 315 1

22+03
I /\M

L,=35—-———=225cm
2
V9 \ dbo Th|s publlcatlon or any part [hereofmust not be reproduced inany form W|thout the written permission

o1, = 01.2L tF, < ¢2.4dtF,

=0.75x 1.2 X 2.25 x 1.0 x 3700 X 1073 = 7.5 ton
< 0.75 % 2.4 x 2.2 % 1.0 X 3700 X 1073 = 14.6 ton
- 1, =75ton <10ton Not Ok

2 b S s i ) By culis b ol ple b oSl (Sasd Jlre cul ol

ad o palls dols gs 4w S b 5 xedee PL 200x120x 12 slal 4 Gy O a5 )gu0
Lol s G937 AJ G Elogu

22403

L. =6.0 - = 4.75 cm

o1, = 01.2L.tF, < $2.4dtF,

=0.75x 1.2 X 4.75 X 1.2 X 3700 X 1073 = 19 ton

> 0.75 X 2.4 %X 22X 1.2 X% 3700 x 1073 = 17.6 ton

- 1, =17.6ton > 10ton Ok
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:r,..g)l.) ‘ksl{ ébié 9 [t,.:lw}' 6'/,.: [v.ﬁ.) Casxan YF-4-v-)\- A.kal) dﬁb
OR, = 1.0 X (0.6F,Ag,) = 1.0 X 0.6 X 2400 X 20 X 1.2 X 1073 = 34.5 ton
>10ton Ok

JLail 4l o jgloms jo Lasl & Ceoglio T-F-4-T-)

552 e ps st A sl ORe Jlal 5l opslae o Lasl (b (0 cenglie
O S g IS phie gy, S pebed oo glacdle ulul oot aulze e
e opas (alls alads ()
(S abio (595 oy ks polisl (I

¢ =1 (1 F-4-Y-1+)

Ra= -15F,Ay

(A abie 555 (b2 (SIS Golal (@

G =ve (0-3-Y-1-)

R=-1sFF Any
= = ‘ b f\ y\/
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:bwlﬂlﬂ&ﬁg’duajl’.ébhch‘”

o =[20 =3 X (2.2 + 0.3)] x 1.2 = 15 cm?

:r‘,.g)lb ;Glfékio 69))-31_5{“‘5":'“‘?6')? PAJC.«M VO-9-Y-)\- A.k.»‘)é».b
= 0.75 x (0.6F,A,,) = 0.75 x 0.6 x 3700 x 15 x 10~3 = 25 ton > 10 ton 0k

4 250 ool 53,8 (0 Dogo b Bog B Ui U8 b 4 Oy (5 G0y B B S

L5<1“"9“«“1. sla@ g sl eslawsl f”'J Jus -\5 rsK

sl daiir 4l J,u8 -1V
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