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AISC 360-16:

Design shall be such that no applicable strength or serviceability limit state shall be exceeded when the structure
is subjected to all applicable load combinations. Design for strength shall be performed according to the
provisions for load and resistance factor design (LRFD) or to the provisions for allowable strength design (ASD).

|. Design for Strength Using Load and Resistance Factor Design (LRFD):

Design according to the provisions for load and resistance factor design (LRFD) satisfies the requirements of this
Specification when the design strength of each structural component equals or exceeds the required strength
determined on the basis of the LRFD load combinations. All provisions of this Specification, except for those in
Section B3.2, shall apply. Design shall be performed in accordance with Equation B3-1:

R, <¢$R,
where
R, = required strength using LRFD load combinations
» = nominal strength
¢ = resistance factor

®R,, = design strength
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2. Design for Strength Using Allowable Strength Design (ASD)

Design according to the provisions for allowable strength design (ASD) satisfies the requirements of this
Specification when the allowable strength of each structural component equals or exceeds the required strength
determined on the basis of the ASD load combinations. All provisions of this Specification, except those of
Section B3.1, shall apply.

Design shall be performed in accordance with Equation B3-2:
R,<R,/Q

where

R, = required strength using ASD load combinations

R, = nominal strength

Q = safety factor

R./Q = allowable strength

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

"j' WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

slacl jlre coglin 9 sl oolawul U9 g S sla,b u.:.{).? 5l ub9) L)'!‘ 23 Hlme Canglia U.ul.wl P ‘?I)b

b sl Gl Sls 5 sghe Jeols Kl 85 Oluebl Co o S Lael Ll caglin pands
ol 25 Sy 40 ASCET-16 5ub e canslin ol

I.D

2D+L

3.D+ (L, or S or R)

4.D + 0.75L + 0.75(L, 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, + 0.7E,

9. 1.0D + 0.525E, + 0.525E, + 0.75L + 0.75S

10.0.6D - 0.7E, + 0.7E,
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I.1.4D

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

3. 1.2D + 1.6(Lr or S or R)+(L or 0.5W)

4.12D + [.OW + L + 0.5(L, or Sor R)

5.0.9D + 1.0W

6. 12D +E,+E, +L+0.2S

7.09D - E, + E,
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The required width, W, depends on the gusset thickness, the yield stress of the gusset plate, and, of course, the
applied tension force. To establish the width of the gusset plate to resist the applied axial force, Whitmore’s
method is used. In this method, proposed by Whitmore (1952) for bolted gusset plates, as shown in figure 30-
degree lines are drawn from the first bolt on the gusset to intersect the centerline axis of the last bolt. The width
of the gusset plate between the two intersection points is used in design as the effective width of the gusset plate
to carry the applied load. The area outside this “Whitmore’s width” is not considered in design to resist applied
load. Astaneh, Goel, and Hanson (1982) extended the use of Whitmore’s method to welded connections as
shown in figure and suggested that, for welded connections, the 30-degree lines be drawn from the starting point
of the weld to intersect a line passing through the end points of the weld. For more information on Whitmore’s
width, the reader is referred to Whitmore (1952) or, for a brief summary, to Astaneh-Asl (1998).

Winhiemore= VVidth of the gusset plate at the end of the brace welding established using Whitmore’s method
L,, = Length of the weld connecting the bracing member to the gusset plate
L,. = Length of the bolted connection of the bracing member to the gusset plate

b = Distance between the weld lines or bolt lines
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End points of the weld
Starting point of the weld
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Last bolt

First bolt
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Excessive vertical deflections and misalignment arise primarily from three sources: (a) gravity loads, such as dead,
live and snow loads; (b) effects of temperature, creep and differential settlement; and (c) construction tolerances
and errors. Such deformations may be visually objectionable; cause separation, cracking or leakage of exterior
cladding, doors, windows and seals; and cause damage to interior components and finishes. Appropriate limiting
values of deformations depend on the type of structure, detailing and intended use. Historically, common
deflection limits for horizontal members have been 1/360 of the span for floors subjected to reduced live load
and 1/240 of the span for roof members. Deflections of about /300 of the span (for cantilevers, 1/150 of the
length) are visible and may lead to general architectural damage or cladding leakage. Deflections greater than
17200 of the span may impair operation of moveable components such as doors, windows and sliding partitions.
Proper control of deflections is a complex subject requiring careful application of professional judgment. AISC

Design Guide 3, Serviceability Design Considerations for Steel Buildings, 2nd Edition (West and Flsher, 2003)

prowde an extensive dlscu55|on of the issues " ; })’
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Deflection limits for horizontal members:

Subjected to DL+LL =L/240 (for cantilevers, L/120 (Not recommended))

Subjected to LL =L/360 (for cantilevers, L/180 (Not recommended)) /,\
e W LY

Y \" Axbo Thls publlcatlon orany part thereof must not be reproduced in any form W|t|10ut the written permission

M.Alirezaei@iau-malayer.ac.ir

11



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

"% WebsSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

3,50 sl Ry iy p5 pizrats 9 3¥58 JUS1 3590 (g8 S 25 9 R iy 5

L):"l‘)'” ) ol 00 ;n.:),-.? JY99 )Lb.bl S 94 @L@Muwrpag U':‘ilj'” MJWF*\*Y*Y‘*\' J.ud.\b
o),ap.:lduwwg.»yo.\.&dub gs Gles iS85 bl 5,90 Gl oo r[,.moc,.x,.ag.:é
23 See 5l ue a0 5¥g8 slaos ples sl P8 s 1032 Glaling )3 s ol Jlaie. 3gs 00l (B pre izl

ROW RVA
00l 51 G sgdos bl Jilao pudus (s g 4 calise GlasYsd g pudes Gl sl slas bl o
las caglin ol 6l L adlae (Jlas cuwglie 39h Jool> Oluebl Jpazs csle )o (JLlas> Slasui
>lb s ablie b b s 6l 9 00508 by dakine cuglie Olgie cov (b slas skl j Yaene
s G2 Jlas cosal b5l o ol G5 iy ol cslo ) L?I)L:)al.nl 3,58 oo 1,8 eolawl 3590 Liacl
dasiie [v.J»w wgl.u 9 g;"ﬁl? U.‘.(»Luo [v-a.l»w wgl.u O L;|4.-ul:> Lo,.o.: a5 ol ools plis wlllhs .,\.wl.r@

)l 5929

3y°Mk59)M[v¢uL);MJUJ;)LB;J|-3)}'0\M{)AbUI}A-:‘\{Ryu{)AoLQ’S‘PAJCAMf)LQ’?u;ﬂl){B)Q

Y\" Axbo Thls publlcatlon orany part thereofmust not be reproduced in any form wnhout the written permlsswn '

"j' WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

Ry Jyamo g5
1.25 o 3,55 ISt s 5 (slalg) abolie k> i
1.2 Sy 3 (st o Iogl oSS H (St | alboliie Jolis oais 555 abolie e Iz U= RS
1.15 Ao 5 3)9
R, R, Jypamo g9
1.1 1.25 o 8,55 S5t g 5 (slalgl ablie o
1.1 1.2 S 9 (i o9l (S H o JS | golia Jalis ous 8,95 alolie pla &'f’
11 1.15 e 5 3,9 (3,9 5l oads arslo ablis
1.2 1.2 s, Koo

55 b oo (Fy) 2¥g8 dasin Qg (23S G o podol & RIFY) SWEE 3550 ol SiuiS i
el 63¥g pdlan Joie (olos iSRG o i Sl 9 55,8 0 GBI (R) Y8 sy

Ry 3¥gs a5 955 po o (F)) 5¥5s dasiin s o5 o o Jeol> a0 (RYFY) ,us/;sl 3,90 P/tlws i
ol Lng,éCJLmJMGSMiSmLJWUJ,@)ﬁLJ,m;& é)kbl

Y¥ d>iw This publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ]

M.Alirezaei@iau-malayer.ac.ir

12



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

% WebsSite: www.M-Alirezaei.com
r N .
%) Telegram: @AlirezaeiChannel
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 R, » 2alie
* ASTM A572/A572M Gr. 50 (345) or 55 (380) 1.1 1.1 AIS Lol
« ASTM A913/A913M Gr. 50 (345), 60 (415), 65 (450), or 70 (485) 1.1 1.1 : ool 2
* ASTM A588/A588M 1.1 1.1
* ASTM A1043/A1043M Gr. 50 (345) 1.2 1.1
* ASTM A529 Gr. 50 (345) 1.2 12
* 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 1.4 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 11
* ASTM A1011/A1011M HSLAS Gr. 55 (380) 1.1 11
* 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 P
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Example: SCBF Brace and Brace Connection
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AISC 341-22:

For composite members or adjoining members, as applicable, whose nominal strength is a function of concrete
compressive strength, f', the expected strength of an element shall be determined from the expected concrete

compressive strength, R. f'. Rc is the factor to account for the expected strength of concrete as provided in
Table A3.2.
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Structural steel used in the seismic force-resisting system (SFRS) shall satisfy the requirements of Specification
Section A3.l, except as modified in these Provisions. 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

exceed 55 k5| (380 MPa)

in Chapters E, F, G and H, except that for systems defined in Sections El, FI, GI, HI and H4, thIS I|m|t sw
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AISC 341-16:
Demand Critical Welds

Welds designated as demand critical shall be made with filler metals meeting the requirements
specified in AWS D1.8/D1.8M clauses 6.1, 6.2 and 6.3
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AISC 341-16:

STMF designed in accordance with these provisions are expected to provide significant inelastic deformation
capacity within a special segment of the truss. STMF shall be limited to span lengths between columns not to
exceed 65 ft (20 m) and overall depth not to exceed 6 ft (1.8 m). The columns and truss segments outside of the

special segments shall be designed to remain essentially elastic under the forces that are generated by the fully
yielded and #strain-hardened special segment.
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AISC 341-16:

Special cantilever column system (SCCS). A seismic force-resisting system in which the seismic forces are
resisted by one or more columns that are cantilevered from the foundation or from the diaphragm level below
and that meets the requirements of Section E6.
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AISC 341-16:

Multi-tiered braced frame provisions for ordinary concentrically braced frames, special concentrically braced
frames, and buckling-restrained braced frames.

Multi-tiered braced frame (MTBF). A braced-frame configuration with two or more levels of bracing between

diaphragm levels or locations of out-of-plane bracing. j\% M
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AISC 341-16:

Buckling-restraining system. System of restraints that limits buckling of the steel core in BRBF. This system
includes the casing surrounding the steel core and structural elements adjoining its connections. The buckling-

restraining system is intended to permit the transverse expansion and longitudinal contraction of the steel core
for deformations corresponding to 2.0 times the design story drift.
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AISC 341-16:
Special plate shear wall (SPSWV). Plate shear wall system that meets the requirements of Section F5.

SPSW designed in accordance with these provisions are expected to provide significant inelastic deformation
capacity primarily through web plate yielding and as plastic-hinge formation in the ends of horizontal boundary
elements (HBE). Vertical boundary elements (VBE) are not expected to yield in shear; VBE are not expected to
yield in flexure except at the column base.

Horizontal boundary element (HBE). A beam with a connection to one or more web plates in an SPSW.

Vertical boundary element (VBE). A column with a connection to one or more web plates in an SPSW.
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C-SMF designed in accordance with these provisions are expected to provide significant inelastic deformation
capacity through flexural yielding of the C-SMF beams and limited yielding of the column panel zones. Except
where otherwise permitted in this section, columns shall be designed to be stronger than the fully yielded and
strain-hardened beams or girders. Flexural yielding of columns at the base is permitted. Design of connections of

beams to columns, including panel zones, continuity plates and diaphragms, shall provide the performance
required by Section G3.6b and demonstrate this conformance as required by Section G3.6c.

Composite special moment frames (C-SMF) include a variety of configurations where steel or composite beams
are combined with reinforced concrete or composite columns. In particular, composite frames with steel floor

framing and composite or reinforced concrete columns have been used as a cost-effective alternatiye to frames
with reinforced concrete floors. o N P2 N ’ i)
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AISC 341-16:
Columns shall be encased or filled composite. Beams shall be either structural steel or composite beams. Braces

shall be structural steel or filled composite members. Collector beams that connect C-SCBF braces shall be
considered to be part of the C-SCBF.
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AISC 341-16:

Composite eccentrically braced frames (C-EBF) shall be designed in conformance with this section. Columns shall
be encased composite or filled composite. Beams shall be structural steel or composite beams. Links shall be
structural steel. Braces shall be structural steel or filled composite members. This section is applicable to braced
frames for which one end of each brace intersects a beam at an eccentricity from the intersection of the
centerlines of the beam and an adjacent brace or column. Structural steel EBF have been extensively tested and
utilized in seismic regions and are recognized as providing excellent resistance and energy absorption for seismic

loads.
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AISC 341-16: e 0202 O

Composite special shear walls (C-SSW) shall be designed in conformance with this section. This section is
applicable when reinforced concrete walls are composite with structural steel elements, including structural steel

or composite sections acting as boundary members for the walls and structural steel or composite coupling
beams that connect two or more adjacent reinforced concrete walls.
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AISC 341-16:
Built-up Box Columns

Within a zone extending from 12 in. (300 mm) above the upper beam flange to 12 in. (300 mm) below the lower
beam flange, flange and web plates of boxed wide-flange columns shall be joined by CJP groove welds. Outside
this zone, plate elements shall be continuously connected by fillet or groove welds.
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The shape of #weld #access holes shall be in accordance with clause 6.11.1.2 of #AWS D1.8/D1.8M. Weld access
hole #quality requirements shall be in accordance with clause 6.1 1.2 of AWS D1.8/D1.8M.

AWS D1.8/DI.8M:
12= tbf or 1/2 in [12 mm], whichever is larger (+1/2 tbf, or —1/4 tbf).

h2= The minimum dimension shall be 3/4 tbf, or 3/4 in [20 mm], whichever is greater. The maximum dimension
shall be tbf (+1/4 in [6 mm]).

R= 3/8 in [10 mm] minimum radius (-0, +unlimited)
I= 3 tbf (£1/2 in [12 mm]).

6.11.2.1 Surface Roughness. Except for access holes using AWS DI.I/DI.IM standard geometry, or when
otherwise specified by the Engineer, the weld access hole finish shall have a surface roughness of not more than

500 pin [I13 pm]. AWS CA4.1, Criteria for Describing Oxygen-Cut Surfaces, and Oxygen Cuttlng SurfaceQ."

Roughness Gauge Sample 4, may be used as a gmde for evaluatlng surface roughness f these, ?
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[max(tbf, 12 mm) - O.25tbf] <[l < [max(tbf, 12 mm) + 0. 5tbf]

max(0.75tbf,20 mm) <h,< tbf +6 mm
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AISC 341-16: Continuity-Plate Thickness: The minimum thickness of the plates shall be determined as follows:

(1) For one-sided connections, the continuity plate thickness shall be at least 50% of the thickness of the beam
flange. (2) For two-sided connections, the continuity plate thickness shall be at least equal to 75% of the thickness
of the thicker beam flange on either side of the column.

tbf-1 t bf-2 tbf
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California Building Code

12.13.1.1  Foundations and superstructure-to-foundation
connections. The foundation shall be capable of transmitting
the design base shear and the overturning forces from the
structure into the supporting soil. Stability against overturning
and sliding shall be in accordance with Section 1605.1.1.

In addition, the foundation and the connection of the
superstructure elements to the foundation shall have the
strength to resist, in addition to gravity loads, the lesser of the
SHlowing seismic loads:

gth of the superstructure elements.

axipfym  forces that can be delivered to the
‘oundation in a filly yielded structural system.
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AISC 341-16:

The protected zone of SCBF shall satisfy Section D1.3, and shall include the following:

(2) For braces, the center one-quarter of the brace length and a zone adjacent to each connection equal to the
brace depth in the plane of buckling

(b) Elements that connect braces to beams and columns
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AISC 341-16:

Flanges of links with |-shaped sections with link lengths, e < 1.6 Mp/Vp, are permitted to satisfy the requirements
for moderately ductile members.
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AISC 358-16:

Double-tee connections utilize T-stub components that are bolted to both the column flange and the beam
flanges using high-strength bolts. Either four bolts or eight bolts attach the T-stub components to the column
flanges. The top and bottom T-stubs shall be identical. T-stubs shall be cut from rolled sections. The beam web is
connected to the column with a bolted single-plate shear connection. A detail for this connection is shown in

Figure
R - E— I— W}\ij\{%/
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6 cycles at 6 =+ 0.00375 rad.
6 cycles at 6 =+ 0.005 rad.

6 cycles at 6 =+ 0.0075 rad.
4 cycles at 6 =+0.01rad.

2 cycles at 6 =+0.015rad.

2 cycles at 6 =+0.02 rad.

2 cycles at 6 =+0.03 rad.

2 cycles at 6 =+0.04 rad.

continue at increments of +0.01 rad, with two cycles of loading at each step
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AISC 341-16:

This section includes requirements for qualifying cyclic tests of individual buckling restrained braces and buckling-
restrained brace subassemblages, when required in these Provisions. The purpose of the testing of individual
braces is to provide evidence that a buckling-restrained brace satisfies the requirements for strength and inelastic
deformation by these provisions; it also permits the determination of maximum brace forces for design of
adjoining elements. The purpose of testing of the brace subassemblage is to provide evidence that the brace-
design is able to satisfactorily accommodate the deformation and rotational demands associated with the design.
Further, the subassemblage test is intended to demonstrate that the hysteretic behavior of the brace in the
subassemblage is consistent with that of the individual brace elements tested uniaxially.
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Loading Sequence:

2 cycles at: A, =% 4, =
2 cycles at: A, =2054,,
2 cycles at: A, =21.04,,
2 cycles at: Ay =2154,,
2 cycles at: Ay =2204,,

Continue with additional cycles at A, = = 1.5 A, for the brace test
specimen to achieve cumulative axial deformation at least 200 times

Aby (not required for subassemblage test specimen) j\ M
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