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Over-strength characteristics of buckling restrained braces

made of Q235 steel
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(1. Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China;
2. Key Laboratory of Earthquake Engineering and Engineering Vibration,
China Earthquake Administration, Sanhe 065201, China)

Abstract: Based on the experimental resulis of various types of buckling restrained braces (BRBs) in the literature
equations of estimating the two over-strength factors of BRBs, namely the strain-hardening factor and the compressive
over-strength factor, were proposed. A series of cyclic loading tests of BRBs made of (0235 steel were conducted. The
effects of the peak strain, cumulative plastic strain and strain rate on the over-strength of BRBs were examined.
Although the scattering is large, the test results suggest that both the over-strength factors increase with the increase of
peak strains. The proposed upper bounds of the over-strength factors can be used in the practical design to better
address the over-strength of BRBs. The test results also show that the compressive over-strength factors under dynamic
loading of approximately 0. 1/s strain rate are considerably larger than those in the static tests, indicating that the
compressive behavior of BRBs are dependent on the strain rate although they are usually considered as hysteretic
dampers. This effect deserves further investigations.
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Table 1 Over-strength factors of BRBs made of Q235 steel

i{ﬁ WIS Py /KN Py /AN Po /KN s /% e /% @ B MRS ‘“‘Zzﬁ ii j;gi
IS 237.60  304.53 329.50  2.36 2.26 1.28 1.08 Q235(GB) —FIE
IL 237. 60 238.55 242.37  1.07 1.16  1.00 1.02 Q235(GB) —FJE
. AO 555.67 687.94  737.74  2.41 2.54  1.24 1.07 Q235(GB) T wmE e
R3] Al 555.67 723.26 804.65 4.8  4.54 1.30 1.11 Q235(GB) T REEL mak
(04] 427.84  534.76  549.15  1.57 .30 1.25 1.03 Q235(GB) -+
Cl 427. 84 556. 59 577.52 2.0l 1.57  1.30 1.04 Q235(GB) %
W-1 351.58 436. 36 511.89 1.62 2.04  1.24 1.17 Q235(GB) +FIE
W2 351.58  445.72  487.86 1.60 1.63 1.27 1.09 Q235(GB) ¥
W-3 499.17  705.51 806.30 3.48  3.61 1.41 1.14 Q235(GB) T W R
SCHR[6] W-4 499.17  745.76  885.88 4.69  4.67 1.49 1.19 (Q235(GB) T me *'“
e REEL
L-1 337.70  522.73  718.18 6.83  6.96 1.55 1.37 Q235(GB) +FIE
L2 276.30  413.51 505.41 5.8 578 1.50 1.22 Q235(GB) —FJE
L3 276.30  397.08 500.62 5.8  5.90 1.44 1.26 Q235(GB) —TFIE
Cl 276.30  410.00  543.00 5.78  5.45 1.48 1.32 Q235(GB) —FIE
2 276.30 409. 00 510.00 5.53 5.57 1.48 1.25 Q235(GB) —FIE
SHR7] C3 276.30  395.00  480.90 5.53 557 1.43 1.22 Q235(GB) —F& LY
C4 276.30 393. 00 506.00 5.52 5.55  1.42  1.29 Q235(GB) —FIE REEL g
cs5 337.70  492.00  591.00 4.18  4.09 1.46 1.20 Q235(GB) +FE
C6 337.70 505. 00 605.00 4.11 410 1.50 1.20 Q235(GB) +FE
BRAB-C-1.2K-5 1608.39 2115.40 2567.10 2.83 2.80 1.32  1.21 Q235(GB) +FIE WE L
SCHk[8 ] BRAB-C-700-4 938.39 1414.50 1471.80 2.20  2.20 1.51 1.04 Q235(GB) +FIE BE
BRAB-C-1.0K-4 1127.58 1689.40 1791.60 3.33 2.72  1.50 1.06 Q235(GB) ¥ *
BI 65. 65 82.03 88.95  1.29 1.29  1.25 1.08 Q235(GB) [RIMWE
B2 65.65 77.08 88.19 0.70  0.87 1.17 1.14 Q235(GB) [MW&
SHR[9] B3 65.65 83.08 97.85 1.74 .73 1.27 1.18 Q235(GB) ’ﬂﬂiﬁ e LTI
B4 65.65 86. 83 95.12 1.64 1.74  1.32  1.10 Q235(GB) [I4N%E PIIE:A
B5 65.65 71.83 79.58 0.67 0.70 1.09 1.11 Q235(GB) [
B6 65.65 88.75 99.25 1.79 .75 1.35  1.12 Q235(GB) [RI&%
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Fig.2 Relationship between over-strength factors and peak strains of BRBs
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Table 2 Over-strength factors of BRBs made of other kinds of steel

é‘w’:&" KR P/ Pimec / Pomes 7 v £ & / w B Y %R tkﬁ:ékﬁ %ﬁ buﬁ
SRR kN kN kN % % R A gk
SR 10] 1 6509.75 9154.00 9933.00 1.62 1.57 1.41 1.09 LY225(GB) +FE W& #Ho
2 6509.75 9137.00 9485.00 1.62 1.60 1.40 1.04 LY225(GB) +FIE Rt g

No. 1-lower 698.88  946.10 1218.10 3.10 4.32 1.35 1.29 LY225(GB) —FJ

No. 1-upper 698. 88 895.72 1244.16 3.90 3.51 1.28 1.39 LY225(GB) —5FJE
No. 2-lower 698.88 1028.10 1155.80 3.73 4.27 1.47 1.12 LY225(GB) —FJE PP
SCHR[11]  No. 2-upper 470.40  674.70  820.40 4.07 4.44 1.43 1.22 LY225(GB) —FI& R

No. 3 698. 88 985.20 1160.40 3.63 4.17 141 1.18 LY225(GB) —%FJ& :

No. 4 698.88 1106.10 1230.10 3.62 4.25 1.58 1.11 LY225(GB) —FE

Component 698.88  949.40 1086.93 3.95 3.99 1.36 1.14 LY225(GB) —FIE
No. 1 492.48  568.41 660.50 1.55 1.53 1.15 1.16 S41(JIS) —F W T
CHk[12] No. 2 492.48  585.18  661.29 1.55 1.57 1.19 1.13 S$41(JIS) —F WEL

No. 3 492.48  585.18  647.95 1.53 1.52 1.19 1.11 SS41(JIS) —FI&

POMI1 740. 61 846.44  893.91 1.12 1.41 1.14 1.06 SN400B(JIS) —FJE

P16M11 740.61  1054.03 1070.03 2.56 2.52 1.42 1.02 SN400B(JIS) —FIE

P2559 368.16  517.23 583.42  3.05 2.67 1.40 1.13 SN400B(JIS) —FIE

P23S11 467.28  648.44  657.98 2.67 2.20 1.39 1.01 SN400B(JIS) —FI

P23M7 480.90  702.93  775.93 3.17 3.00 1.46 1.10 SN400B(JIS) —FI&
P24M9 638. 11 903.69  918.05 2.60 2.26 1.42 1.02 SN400B(JIS) —FIE WS L
SCHk[13] P23M11 813.82 1129.59 1147.33 2.57 2.57 1.39 1.02 SN400B(JIS) —5FJE SR

P2414 538.21 843.64  855.10 3.10 3.02 1.57 1.01 SN400B(JIS) —FJE

P2315 636.06  972.80 1068.02 3.10 3.06 1.53 1.10 SN40OB(JIS) —FIE

P32M11 740.61  1050.92 1131.80 2.98 2.55 1.42 1.08 SN400B(JIS) —FIE

P46M7 480.90  710.91 804.97 3.17 3.05 1.48 1.13 SN400B(JIS) —FIE

P45M9 638. 11 945.11 1027.87 3.13 3.09 1.48 1.09 SN400B(JIS) —FIE

P4414 538.21 830.72  877.49 3.10 3.05 1.54 1.06 SN400B(JIS) —FIE
Test#l 1210.75 1660.69 1718.21 1.75 2.17 1.37 1.03 — —FIE W L
k[ 14] Test#2 1210.75 1270.45 1845.16 1.02 1.82 1.05 1.45 — —FE . .
Test#3 2235.97 2638.76 2790.58 1.83 1.54 1.18 1.06 — I IREEL

1 709.93  1072.51 1527.29 2.44 2.38 1.51 1.42 A36(ASTM) —FJE

2 1113.47 1645.61 2327.83 2.53 2.45 1.48 1.41 A36(ASTM) —FIE

3 1558.11 2086.16 2602.33 1.88 1.80 1.34 1.25 A36(ASTM) —FJ
SR[15] 4 2224.40 3434.10 4354.25 2.50 2.43 1.54 1.27 A36(ASTM) —FJE WE e
5 3334.80 4849.43 6670.08 2.67 2.57 1.45 1.38 A36(ASTM) XW—FE REEL

6 3338.54 4768.47 6744.36 2.56 2.47 1.43 1.41 A36(ASTM) =—5FF

7 5330.08 7124.24 8443.13 1.77 1.76 1.34 1.19 A36(ASTM) =—Fj

8 5346.90 6954.32 8085.05 1.74 1.80 1.30 1.16 A36(ASTM) PI—Fj
jcwlﬂoo-n(i%fhgﬁuﬁ) 2033.48 2981.10 3412.50 2.18 2.18 1.47 1.14 SN400B(JIS) +FIE WM&  #ho
00-11(Z:MEmAL) 2033.48 2683.80 2761.70 0.92 0.91 1.32 1.03 SN40OB(JIS) +F/ REEL Nk
T-1 1215.02 1398.96 1518.17 2.01 2.05 1.15 1.09 SM490A(JIS) —5FJE WA L
SCHk[17] T2 1620.03 1852.68 1987.46 1.99 2.03 1.14 1.07 SM490A(JIS) —FIE .
T3 2160.04 2549.71 2793.02 1.94 1.98 1.18 1.10 SM490A(JIS) +FIE i
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Table 3 Controlling parameters of loading

N L A 5 forey = A

AR EWINEL SRR e i s
G MBIEIE BRI

S-0 L.54, 0.0254 0.003 ~0.005 0.03% ~0.05%
S-1.5 L5A, 0.0254 0.001 ~0.005 0.01% ~0.05%
S2.0 2.04,, 0.0338 0.001 ~0.004 0.01% ~0.06%
S3.0 3.04,, 0.0508 0.001 ~0.002 0.02% ~0.04%
D-1.5 1.54,, 0.0254 1 8.3% ~9.5%
D2.0 2.04,, 0.0338 1 5.2% ~11. 1%
D3.0 3.04,, 0.050 8 1 13.3% ~18.4%
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Fig.8 Relationship between over-strength factors
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