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Fig. 1. Comparison of Mechanism'Formation in a Concentrically Braced Frame and a Strongback Frame
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Fig. 2. (a) Single crescent-shaped brace in the frame with its asymmetric hysteresis behavior, (b) Dual
crescent-shaped braces in the frame with their symmetric hysteresis behavior
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Fig. 3. Force-Displacement Response of the Crescent-Shaped Brace in: (a)
Compression, (b) Tension
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Fig. 4. Geometric Properties of the Crescent-Shaped Brace Studied by Mokhtari et al.
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Table 1. Modeling Parameters of the Crescent-Shaped Brace
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Fig. 5. (a).Details of the Experimental Specimen by Palermo et al. (b) Loading Protocol
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Fig. 6. Force-Displacement Curve of the Numerical Model and Experimental Results under:, (a) Tensile
Loading, (b) Compressive Loading, (c) Cyclic Loading
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Fig. 7. Geometry of the Trapezoid Brace
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Fig. 8. Comparison of Hysteresis Curves of the Crescent-Shaped Brace and the Three-
Part Brace

b 620 Slasil b 5,1 -F-)

o 0313 Asvgl Laaigas ¢ JSa Mo oty jlee S18, 1 38 e 5l a5 Olie e 9 b 4l Job 3B bl jskaens
S84 oY . cd S 3 b5yl o0e seye Feog ¥ Ve (L) et anl ol o g oy Ve g Y o35 e slzg s sl s
Sypm (i 5 ol e Al 3 s BB DS Sle 4 K00 oot 4 h o 5 350 5 2 rolhe o
b g o ALS gla Jos 4 ol 48l 5 28,55 15 b

sloais e Golis lbglie g liss BMIS| prizan ol od 0l LS Lodiges 4 oSy IS yrking s cionie & IS5 o
38 o 5l e GelaS lgiiee Eoeme )0 ¢ 22T (N 5o el oud aylie (iSug sloan e LY Jsazr o ciduan
s 5 e sl A ot 5 oo G585 el g iy g
Sy o i35 e o By 5 Y+ S35 e b e 55 sl ok ki Sy ialS
6 Led Cooglie al Bl carga oS o sl el S8 iled IS e el oad JSa De wi)lee 4 wliel s sl
0oloF 5 (6 i Ceoglie I Lol t00 57 laui yiol 53] Wadiges (6,Lid Cuoglin iSlas Jlocad 4l Job iulidl bl ouds o lee
b )0 6)Lad weles ol s oS Sl 55 3 bead 4l b ales 50 (Sl i5n (phed meld pal ST (pl e ]
S)lee g wad oo &) (Slee A 50 U s latliplea 5l locud 4l Job (28l L oS Jl s was o 5 win)les 1]
Thb oviee b (954 ab)lee Cnl JEBHEES 4 Dlgi (o0 0D S @l aaz gl was oo plis | s peSlesy S,
2,8 (Flhb sl @YU i lasil 5 0ogy J S B

30 400
——2-Sec Brace
~ - - - £=7% & L1=20% B0 - —————4———— b ———— b~~~ —— i
251N ET%&LIS3% |1 L e —
A N R e £=7% & L1=40% oy T -
AN - - - £=10% & L1=20% =l A L
Z 20 Fi - 10% & L1=30% | 1 Z.0N 4 T
2 | ] 2500 4 s
— H o i 4
< h < H _,'
L I5H £ 200 & ."'* i
17} i n !
9 Q 150 ! ! R 2-Sec Brace
& 10 2 1 ! S| 7% & L1=20%
. 4 £=7% & L1=30%
100 g B £=7% & L1=40%
si ' 4 - == £=10% & L1=20%
‘ 50 - L £=10% & L1=30% | -
- - £-10% & L1=40%
0 L Il i O a 1 I 1 L
0 50 100 150 200 0 20 40 60 80 100
Displacement (mm) Displacement (mm)
S8, (0 (S L) (Al awasd Ol 51wy b auliesl s ao,leo ad oSy S puii— g i  Soie™ APl
G)Lwﬁ

Fig. 9. Monotonic Force-Displacement Curve of the Trapezoid Brace with Geometry Effects
Analysis: (a) Tensile Behavior, (b) Compressive Behavior
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Table 2. Percentage Change in Stiffness and Compressive strength of Trapezoid Braces with Geometry Effects Analysis
(%)

\.



=7% =10%

L1/LO AR AR AR AR AR AR
Kin/ Kin-2sec +YMY +o8/A +4v/ -v#/a -YY/A A
Fo/Fcosec +yv/f +Y¥/0 +va/ly -v/- -o/A -yly

Slo iR 50 syl jl) 35 pei-F-Y

2 @l E0ses S peie )5 S peie il Slaitn o ) (ol it la s Conlo (RIBIL Gl oo ke ol 0
S oo walEosn] Gl s ln | el lulid S Slopdicnl 4ol Jsb (1alS ed (Sl iy

Jot i 3 5,5 15 85 I st gl o aols g U o5 s 5 Lo Jan csiia S ol s ity
Pt e ol S35 0 3]y w45 Iy S 3 aslisl ki &b 4285 a5 IS oo T+ lsen 4t i
Sels b by Jaw ol LSy Lopa alLs] Joe b conds ools dsnwss sla Jow olel agly b ol ools J13 IS Jobb 7A L
o yidu oolod Culbes ) o )les Joo ;000 0818 dxwgi ¥ Jga sllas ci,loe jLd, Sb5,1 jekaie 4y calies sl jidy Culbes
b i Cwld ol 58 TETY o)led slagdae 50050 8 b Joe plo b dolie sl b ol a3 )5 5la0 o e e 10
sebie pay Sl alElaed Sl anylee )18, (il Cude Gl SIE AL a8 5L 53 YO 5 YO Y Ll s
g az gl JB s )l ba s (ol (Gl CuaglieldonS 50 5 (o liles cilie sla i Sl (il (yed o pll
5 4l wiplee nl L) 2 (s B Ui oyl plee D U Lals) Gillas 45 WS oo gy el (ol 5l 550 0
g0 ol o9 4 SaSe b oyl )L alis

w3921 wa)lee (Flo G 50 (o it U8, 565 Ol pl oy b e U ¥ Jouar

Table 3. Model Names with evaluation of Nonlinear Behavior Distribution in the Central Section of the Trapezoidal Brace
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Fig. 10. Force=Displacement Curve of the Trapezoidal Brace with Analysis of 30% Inclined
Region Length and 8% Eccentricity of the Total Length: (a) Hysteresis Behavior, (b)

Compressive Behavior
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Fig. 11. Force-Displacement Curve of the Trapezoidal Brace with Analysis of 35% Inclined Region
Length and 9% Eccentricity of the Total Length: (a) Hysteresis Behavior, (b) Compressive Behavior
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Fig. 12. Force-Displacement:Curve of the Trapezoidal Brace with Analysis of 40% Inclined

Region Length and 9% Eccentricity of the Total Length: (a) Hysteresis Behavior, (b)
Compressive Behavior
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Numerical Model
[A] gocdyle ailds slac! ablio Slakin : F Jgu
Table 4. Section Properties of the Bracing Span Members
G o G o
ke e = e O R
b s Syl
HSS12x12x5/8 - W14x132 W18x86 W14x342 )
HSS10x10x5/8 HSS12x12x5/8 HSS12x12x5/8 \W18x86 W14x342 Y
HSS9x9x5/8 HSS12x12x5/8 HSS12x12x5/8 W18x86 W14x342 Y
HSS9x9x5/8 HSS8x8x1/2 HSS10x10x1/2 \W18x86 W14x132 ¥
HSS8x8x1/2 HSS8x8x1/2 HSS10x10x1/2 W18x86 W14x132 N
HSS7x7x1/2 - HSS8x8x1/2 W18x86 W14x132 g

forceBeamColumn Ll ;1 e g g o 15 (g 5Lo Joe gz .o ool STEEI02 mlas 5 aglall ales (s 5lo Joo g
5 obell 90 5l lagygiw (5l oe slp Jaw ool 48 el oad solixul dispBeamColumniglad! 5l aassbes. s sl Jos a9
wizles Job p)lie SG Gl 4 adgl pali (leST IS 6 5 ka0 Sz g b eslinul Ll ke Sl ol (Gile oo oz
Loy Lol aolin (6 o3 1l 1o g ol 00 ooliinl (6 28 1,551 alaii O 5 lagyledl (soled ;o o a3 S o o lasiuglpe Lawg o
b cdo & g0t ( Solo cg oS OVlasl 5 Laie SlS & g0 4 Late oVLasl .o oolitul ;o b gas ) ablic )l 5
poas oY JSE j0 .l oad e eate g0t 15 olSaSs ab 5l Joe ZEroLength Element oLl 51 oslel
(Fatigue Material) Ki.s allas 5l doasles jo (Sieand K6l oLl jolite 4.l oo ools ylis (sdae Jolo Sl
)8 L 5o gmilem (3 (oo b M il Jouzr nl o ok aid 57513 10 0 Jgoor illas 55 llas )18, o oslie|
Lol S 520 50 (i 235 e €0

\f



(5398 Jubo i Mo 9 (o 5 e (53l Joke (o el 2 B Jgur
Table 5. Modeling Parameters for the Materials of Beam, Column, and Brace in the Numerical Model
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Fig. 14. Experimental Specimen Detail of Lailand Mahin
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Fig. 15. Results of Cyclic Analysis Validation:, (a) Experimental, (b) Numerical
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Table 6. Model Names with evaluation of the Effects of Adding Two-part and Three-part Braces
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Fig. 16. Schematic Diagram of the Models: (a) SBS-Base, (b) SBS-C2S, (c) SBS-2C2S,
(d) SBS-C3S
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Table 7. Roof Displacements Considered According to the Numerical Model of Lai and Mahin
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Table 8. Maximum Base Shear and First and Second Mode Periods

(SeC) ojle L5 0590 wb oy Sl Joe b
£90 g0 Jsl 090 (KN)
NAAE! VY OYYY SBS-Base
“IYYY NI2%e £ FY SBS-C28
<IYYA - I5YY ASYY SBS-2C28
CIYYY SIEAY SYYE SBS-C3S
7500 | SBS-Base 4 7500 F SBS-C2S
5000 1 5000
@ 2500 5500 Lo
3 e/ 4
P , -
& 2500 2500 e
-5000 5000 | 4 A ;
|
-7500 7500 - - y 4
-0.05 -0.025 0 0.025 0.05 -0.05 -0.025 0 0,005 0.05
(&
7500 | SBS-C38 7500
5000 5000
é 2500 2500
§ 0 0
% -2500 -2500
m it
-5000 -5000
-7500 -7500
-0.05 -0.025 0 0.025 0.05 -0.05 -0.025 0 0.025 0.05
Roof Drift Roof Drift

YA



7500 |
5000 |

2500 |

(<)

Base Shear(KN)

-2500

-5000 -
- — - SBS-C2S
L SBS-2C2S | |
7300 - — —-SBS-C38
-0.05 -0.025 0 0.025 0.05
Roof Drift

w2 LS 58 (0 dos Wygo @ (Wb Joo (g ) powad S 1 VY S0

Fige17. Hysteresis Curves of the Models: (a) Separately, (b) Together
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Fig. 18. Maximum Force Generated/in the Models with Two-part and Three-part Braces in: ,(a) Tiess (Second
to Fifth Stories) ,(b):Elastic Braces, (c) Column Connected to the Elastic Truss
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