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ABSTRACT

When the out-of-plane (OOP) instability of the BRB and the end gusset
connections occurs, the energy dissipation capability of the BRB will be
significantly reduced. This study develops a simplified analytical model using
the concept of the notional load and considering the flexural restrainer to assess
the BRB global stability. Cyclic loading tests on six full-scale BRBs with
different lengths, steel casing sizes, and gusset connection stiffness were
conducted under various initial imperfections and OOP drifts to demonstrate the
effectiveness of the proposed method. Test results indicate that the effects of the
initial imperfection, OOP drift, and gusset edge stiffener on the BRB stability
are reasonably captured. Moreover, parametric analyses were conducted using
the proposed method on 581 BRB and connection cases, detail designed by the
Brace-on-Demand cloud service, with varying frame span-to-height ratios and
brace yield strengths. Analytical results suggest that the stability limit strength
is reduced by 12% to 15% with the OOP drift ratio increased from 1% to 2%,
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while it is reduced by 5% to 20% without the presence of gusset edge stiffeners.
It is concluded that the global stability is vulnerable to the OOP drift and
adequately stiffening the gusset is recommended in BRB practices. It also

shows that as long as the demand-to-capacity ratio (DCR) is less than 0.9 for

steel casing stability calculated by using the practical evaluation method, the

overall stability can be effectively conserved.
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Fatigue loading Standard loading Fatigue loading
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Transverse (OOP) direction [mm]
(a)

5 | 2G16 N 2G16 2G16ES —4%() 2G16E!
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5 ) —4:/o(||) W
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B] 20 (a) Phase 1 348 4, & % (b) Phase 2 :#%0 Fl & Fo 2 & *F %35

Transverse (OOP) direction (mm

(b)

)

04 Ea Rl o iy

= Uil IDR Lo ¢iLo &L Ly, ao do Sy
HISMES (mm) (mm) (mm) (mm) (mm) (mm) (mm)

G18 0.1% drift 5.0% 5678 247 220 332 7.6 7.3

Gl6 1.0% drift 3.0% 5758 277 271 300 9.0 57.4

GI18LC 1.3% drift 5.0% 5671 234 222 341 16.3 72.7 2
GI16ES (I) 0.0% drift 5.0% 5663 235 217 340 21.0 0.3

GI16ES (1) 1.0% drift 5.0% 5695 248 236 332 21.0 57.1

2G16 (I) 0.0% IDR 4.0% 7231 277 288 361.3 5.2 0.1

2G16 (IT) 0.5% IDR 4.0% 7231 277 288 360.8 5.1 233 2
2G16 (IIT) 1.0% IDR 3.0% 7270 297 307 342.0 5.0 46.8
2G16ES (1) 1.0% IDR 4.0% 7231 269 296 353.2 1.1 47.7
2G16ES (II) 1.5% IDR 4.0% 7231 268 297 352.2 1.1 71.3 )
2G16ES (IIT) 3.0% IDR 4.0% 7232 268 298 350.8 1.3 143.1
2G16ES (IV) 3.0% IDR 5.0% 7209 254 209 358.9 1.2 143.1

it L R A B ABRB R - s Rl IERE[12] -
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i EI K, K, M M¢ P, P} P P

i (kN—r/flz) (kN-gm) (kN-m) (kN—I;n) (kN—Om) kN)  (kKN)  (kN) (kl\;) bER
G18 6437 5854 173460  14.69 3.1 1686 2352 2045 2118 1.04
G16 6437 436.6 128644  11.66 6.1 1658 2203 1841 1721 0.94
GISLC 13085 5854 143811  14.69 75 2945 4408 3390 2178* 0.64
GIGES (1) 6437 8483 186564  21.7 87 1692 2513 2152 2126* 0.99
GI6ES (II) 6437 8483 173460  21.7 160 1680 2487 1959 1942 0.9
2G16 () 146945 07 1801 2535 2212 1901* 0.86
2G16 (1) 11867  567.0 146336 144 25 1801 2535 2187 1939% 0.88
2G16 (1) 124632 45 1793 2509 2127 1768% 0.83
2G16ES (I) 137282 57 1802 2646 2290 1918* 0.84
2G16ES (II) 136119 8.1 1802 2646 2255 1933* 0.86

11867  808.5 213

2G16ES (I1I) 134502 156 1802 2646 2083 1956* 0.93
2G16ES (IV) 144042 156 1807 2661 2095 2092  1.00

* ARENREER TR R KRR

At * Ko K K, 3 R B [ R B S 8 2 o TSI > M5 e ML o i R 2 e 2 o SRR I e

HIAGHRIEFTIE R B MERERE K [12] -
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I &
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I Exp. ‘Response 0 )i ) Exp. I'T’esponse 0 z - Exp. F}’esponse ]I - Exp. Response

I T ! 1 1

oO

Out-of-plane deformation [mm]

20 40 60 0 20 40 60 0 20 40 60 0

20 40

60

2500 2500 2500 < 2500
20001 > 2000 Y2 4 2000} , ~ > —e- 2000 v
< 27 VN e i i
21500 / 1500 | 1500 }:i 1500 f /
8, [ G16_ES(I) | XL | 2G16 [ B 2G16_ES
5 1000 % 1000 3 gl 10008 1/ o e8P tstmode | 10007 §/  —s—EBP_Tstmode
% s EBP_2nd mode | T I,‘ s EBP_2nd mode i & EBP_2nd mode
500+ —o— USP 500 | ! 500+ _;r —o— USP 500+ —o— USP
~—— Exp. Response G16_ES(Il) G16 J! Exp. Response i Exp. Response
1 1 1 I I A 1 1 !

C>O

1
20 40 60 00 50 100 150 200 250 0O 20 40 60
Out-of-plane deformation [mm]

B 21 FR-model £ T YT S X ZF %R LRI F V" Rk

20 40

60



100 #5HE T B=+T% B

# 6 S-model & T 2377 % *

gﬁﬁg ﬁ#ﬁ%ﬁ@&h'fﬁ% IDR Plim (kN) Pexp (kN) (Plim_Pexp)/Pexp DCR
GI18 0.1% drift 5.0% 2187 2118 3.3% 0.97
Gl6 1.0% drift 3.0% 1681 1721 2.3% 1.02
GI18LC 1.3% drift 5.0% 3646 2178% - 0.60
GI6ES (I) 0.0% drift 5.0% 2263 2126% - 0.94
GI6ES (II) 1.0% drift 5.0% 1852 1942 -4.6% 1.05
2G16 (I) 0.0% IDR 4.0% 2402 1901* - 0.79
2G16 (II) 0.5% IDR 4.0% 2321 1939* - 0.84
2G16 (1) 1.0% IDR 3.0% 2244 1768* - 0.79
2GI16ES (I) 1.0% IDR 4.0% 2504 1918* - 0.77
2G16ES (II) 1.5% IDR 4.0% 2375 1933* - 0.81
2GI16ES (III) 3.0% IDR 4.0% 2063 1956* - 0.95
2G16ES (IV) 3.0% IDR 5.0% 2060 2092 -1.5% 1.02
* AREEC RN TR L i KRR
L7 ETERMIRPRPEEY (BRRHERAE PR ER AT E)
s =, G18  GI6 GISLC GI6ES(I) GIGESII)  2GI6(I) 2GI6ES(IV)
BRB 4MEHEEHLE 1.16  0.94 0.71 1.16 1.06 1.04 1.12
BRB #45 By 113 091 1.16 1.13 1.03 1.00 1.09
BOHE  K=0.65 090  0.83 0.92 (1.02) (0.93) 0.90 (0.97)
K=20 (122) (1.22) (1.26) 1.51 1.38 (1.30) 1.40
Step 1
P Step 2
- BRBRY L, &{=§=¢, - ESZBIEEE 65 =01
. WasEs 0, Ea(6) Vrmia ! Vromia =03 (EEAEID
linear _ A ST
. EEEE EIe/f =) Vol Y e =0 (EEWREEMND)
Vecens = 0, (S L, Fig.6(b
saREEsE MS eoes) =6 (Eh) gt
| Eq)
- T Solve YV, ia
ERMELERSE Ea.(23) Step 3
Eq.(3)
EREUEMESE PP eooon Y Viwa Vi Eq.(27)
W Fasw
g = Vr-mid g
S BT i

Bl 22 S-model 2+ & & 42 B
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Z 1/13 1% Rl BRB [ o 85T 2 BEHhWIEE E1,
MR Q2 EA -

AWFZEREE BRB SN 9§44 T S
a, B 1% 2 BRB HHHEEEE i BRB [ 5
HIMEES o, IR A [ A2 - By 1% 2
SHAE (1% OOP drift )= It 41 A TR FAZ(19)
R (20)31 2 BRB 8B 4 g s P2 o A
H AL ks BRB B 4 i 7 A A i - A SO T
SBT3 3 ol e A R S B« S
BRI 3] - ASCER IR 5% IDR F &2
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I 30% AR > R R TR RGBS 5 %
BN > KL E AR B I - B HUE A
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NS iy TR & 48 Jor o JEE AP e A T JRR e =
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