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Performance Analysis of a Steel-lead Composite Buckling-restrained
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Abstract: Traditional buckling-restrained braces (BRBs) typically remain in an elastic state under fre-
quent earthquakes and cannot dissipate energy. To address this issue, a steel-lead composite buckling-
restrained brace with multi-level energy dissipation (SLBRB) was proposed by introducing holes in the
core plate of an I-shaped BRB and combining them with lead cores. First, the structure and working
principle of the SLBRB were introduced. Then, finite element analysis was conducted on the SLBRB
using the ABAQUS software. Finally, the influence of three key parameters—Ilead core area, lead
core arrangement, and the ratio of lead core diameter to core plate hole width (diameter-to-width ra-
tio) —on the mechanical properties of the SLBRB was investigated, and recommended values for
these parameters were provided. The results showed that the structural design of the SLBRB was ra-
tional, and the lead core and core plate could work synergistically. The hysteresis curves were full, in-
dicating good multi-level energy dissipation capacity. It was recommended that the lead core area
should ensure that the Fd/Fc was below 0.229. Additionally, a single lead core arrangement was pre-
ferred, and the diameter-to-width ratio should be less than or equal to 1.
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Fig.1 Overall and disassembled view of SLBRB
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Fig.3 Schematic diagram of core plate dimensions of each specimen
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Table 1 Main dimensions and design parameters of each specimen
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Table 3 Dimensions and key parameters of each specimen

Bl L XB.XT.

fERLs (K X 58 X J)/mm HUREAR C/mm HES T ALS/mm® By A 7 3 %9k C/(B-2b6)
SLBRE-1 2 200X 100X 10 50 1963 O 1
SLBRB-2 2 200X 100X 10 2% 50 3927 OO 1
SLBRB-3 2 200X 100 10 40 1257 O 0.8
SLBRB-4 2 200X 100 10 4%25 1963 0000 0.5
. 5 o 0
SLBRB-5 2 200% 100 10 4%25 1963 1
o O
SLBRB-6 2 200100 10 60 2827 O 1.2
SLBRB-7 2 200100 10 70 3848 O 1.4
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Table 4 Comparison of SLBRB performance parameters with different lead core cross-sectional areas

i P,/kN P,,/kN A,/mm A,,/mm P,/kN 6./MPa 0,/ MPa 3
SLBRB-1 26.3 140.6 0.125 2.103 180.9 314.4 303.6 0.496
SLBRB-2 43.3 161.3 0.128 2.200 200.9 308.7 316.7 0.512
SLBRB-3 18.5 132.3 0.120 2.143 173.6 297.6 239.2 0.461
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Fig.11 Hysteresis curves of different lead core arrangements
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Table 5 Comparison of SLBRB performance parameters with different lead core arrangements

A P,/kN P,/kN Ay/mm Ay,/mm P,/kN o./MPa 6,/ MPa ¢
SLBRB-1 26.3 140.6 0.125 2.103 180.9 314.4 303.6 0.496
SLLBRB-4 24.7 139.0 0.113 2.075 181.1 315.7 236.7 0.471
SLBRB-5 24.5 139.2 0.114 2.154 180.8 315.1 274.3 0.469

200 ¢

6.3 HEEREZOWRFILEEL

WAt T 4 FpOA A48 98 e A9 SLBRB AR | 42 58 Lb .
43 5 8 0.8 (SLBRB-3) . 1.0 (SLBRB-1) , 1.2 (SL- E 0r |
BRB-6) .1.4(SLBRB-7) , A % i+ 2 84 Ml . BF 5 -
FE R R4 55 o Xt SLBRB A1 24 PERE 95 1 . R W] 4% -
56 F 19 SLBRB HF (o]l £& 01 12 7 /5% 5 % 4 A 7] SR —————

A/ mm

58 b i SLBRB 4% 1 27 ML fig 47 X L 43 B, 45
W6,

M 12 K 52 6 AT AT, 429 tb /N T4 T 1.OK,
i I il R AR T RS AR B R 1 i L RE R
fiE 1 IR E 19 T 2E MR g 5 24 AR 9E L K T 1.0 B [l
i £k FF 1h B ) 9 AR S AR B L S 1.4 B )
gk B0 T B AR B, R 6 R DL X
S A% O AT S TT AL A s B R 1 B
iR 1 () A2 T8 F2 B AR T b RO RO B T
B RIEFEREVE I AT 8. Rl %5 42 98 Lo i 3 K58 —
e R A 2 Bl 22 185 K 5 58 ) Ay 4R B e K BHL @ T %8

P12 ANIA] AR 98 b B 1 il 2

Fig.12 Hysteresis curves of different diameter-to-width ratios
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Table 6 Comparison of SLBRB performance parameters with different diameter-to-width ratios

A P,/kN P,,/kN Ay/mm Ap/mm P,/kN o./MPa o,/MPa ¢
SLBRB-1 26.3 140.6 0.125 2.103 180.9 314.4 303.6 0.496
SLBRB-3 18.5 132.3 0.120 2.143 173.6 297.6 239.2 0.461
SLBRB-6 33.8 150.8 0.146 3.261 187.4 307.9 358.7 0.487
SLBRB-7 46.7 151.8 0.194 3.910 190.1 298.7 472.0 0.467
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(1) ¥ — =Y Ja ity 24 o S5 A% 0 BT L 5 B s
Ik 4 A SLBRB, 38 £ A B9 3% 1T 52 3 4 9 iR
FERE

(2) SLBRB " Y 5 4% 0 Al g AR 4 1) Br ) T
i 0 i 4R X AR, 43 G0RE BR REAIE B Sk, B M R A AL
B BELJE LK s e RE T R .

(3) T A FR T4 B 45t SLBRB (19 50 #K i
FRIUH B ARSIE F/F/NT 0.229,

(4) L5245 75 ek 12 hn T Rl 1l 6 RE SR |, 1V R
FH ALY 8 XU A R T SLBRB #7843 JiE ik
FEBE , S5 RUHH W BILJE LT K, R BB ASCR T 4T

(5) Bfi % 42 96 Hb 59 38 K SLBRB A FE BE 1 GE Fn
FaEtERe e B TS TR, 8 IF SLRBRB fg i o
% ¥ U 1] FE BE M i, SLBRB 9 72 55 L B B /b T
HF 1.
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