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Analysis of Mechanical Performance of Lead
Viscoelastic Coupling Beam Damper by
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Abstract; This paper studied the influence of the lead viscoelastic coupling beam damper’ s
(LVCBD ) mechanical performance caused by different parameters,including the distance between
lead core’s center and outside edge of the composited viscoelastic layer,lead core diameter, thick-
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ness ratio of shear plate to constrained plate , thickness ratio of thin plate to viscoelastic layer in the
composited viscoelastic layer and shear modulus, which provides the suggested values of the design
parameters. 15 groups of LVCBD models with different parameters are established and analyzed
through finite element software called ABAQUS. The results show that; The hysteretic curve of
LVCBD is full,showing a good energy dissipation capacity. The design parameters have different
effects on mechanical performance of LVCBD, The lead diameter has significant influence on
LVCBD’s yield force,yield displacement, maximum damping force and equivalent viscous damp-
ing ratio,and also affects the post-yield stiffness;yield displacement is mainly affected by the dis-
tance between lead core’s center and outside edge of the composited viscoelastic layer and the
thickness ratio of shear plate to constrained plate, while the lead diameter and shear modulus main-
ly affect the post-yield stiffness;the thickness ratio of thin plate to viscoelastic layer and steel type
slightly affect LVCBD’s mechanical performance. The conclusion is as follows; the lead core
should be symmetrically arranged on the outside of the composited viscoelastic layer and the dis-
tance should be 1 ~ 1.5 times of lead core diameter ;the lead core diameter should be determine by
requirements of the LVCBD’s yield capacity ; the thickness ratio of shear plate to constrained plate
should be 1. 00 ~2. 00,and the thickness of shear plate should be 0. 8 times of the thickness of the
composited viscoelastic layer;the thickness ratio of thin plate to viscoelastic layer should be 0. 4 ~
0. 8 and the smaller value should be taken priority; viscoelastic material with low hardness and
higher strength steel plate are recommended to guarantee the normal work of LVCBD and exert a
stable energy dissipation capacity.

Key words : self-resilient; lead viscoelastic coupling beam damper; mechanic performance ; design
parameter
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Table 1 Design parameters of lead viscoelastic coupling beam dampers
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WAt FEIR AR Fhe

o T e A SR
s mm JEE/mm JEE/mm ) Ei)
A/mm*> mm mm (280 (25 JEE/mm & G/MPa

LVCBDO 700 x450 x 243 20 20 600 x400 50 125 3(4) 4(5) 32 0.55 Q235
LVCBDI1 300 x200 x 59 15 10 200 x200 54 50 2(2) 5(3) 19 0.5 Q235
LVCBD2 300 x200 x 59 15 10 200 x200 54 55 2(2) 5(3) 19 0.5 Q235
LVCBD3 300 x200 x 59 15 10 200 x200 54 60 2(2) 5(3) 19 0.5 Q235
LVCBD4 300 x200 x 59 15 10 200 x200 54 50 2(2) 5(3) 19 0.5 Q235
LVCBDS5 300 %200 x 59 15 10 200 x200 44 50 2(2) 5(3) 19 0.5 Q235
LVCBD6 300 x200 x 59 15 10 200 x200 34 50 2(2) 5(3) 19 0.5 Q235
LVCBD7 300 x 200 x 64 15 15 200 x200 54 50 2(2) 5(3) 19 0.5 Q235
LVCBD8 300 x200 x 69 15 20 200 x200 54 50 2(2) 5(3) 19 0.5 Q235
LVCBD9 300 x200 x 79 15 30 200 x200 54 50 2(2) 5(3) 19 0.5 Q235
LVCBDI0 300 x200 x61 15 10 200 x200 54 50 3(2) 5(3) 21 0.5 Q235
LVCBDI11 300 x200 x 63 15 10 200 x200 54 50 4(2) 5(3) 23 0.5 Q235
LVCBDI2 300 x200 x 65 15 10 200 x200 54 50 2(2) 5(3) 19 0.3 Q235
LVCBDI13 300 x200 x59 15 10 200 x200 54 50 2(2) 5(3) 19 0.6 Q235
LVCBDI14 300 x200 x 59 15 10 200 x200 54 50 2(2) 5(3) 19 0.5 Q345
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Table 2 Constitutive parameters of steel and lead
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Table 3 Constitutive parameters of polynomial model
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Fig. 3 Test specimen and finite element model
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Fig.4 Comparison of hysteretic curves between test

and simulation
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Fig.5 Stress comparison between test and simulation
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Table 4 Comparison of mechanical performance of LVCBDs with different s value
M,/ K/ M,/
R0 4 5 A /rad s/mm A,/mm & %
(kKN-m) (KN-m-rad™") (kKN-m)
LVCBDI 0.05 50 15.316 0.001 93 101. 976 20.218 51. 824
LVCBD2 0.05 55 15.014 0.001 97 106. 704 20. 139 51. 402
LVCBD3 0.05 60 14. 868 0.002 14 105. 453 19.915 51.167
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Fig.7 Von Mises of lead cores of LVCBDs with different s value
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Fig.8 Comparison of mechanical performance of LVCBDs with different lead core diameters
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Table 5 Comparison of mechanical performance of LVCBDs with different lead core diameters
T 2 5 A/mm d/mm P,/kN A/mm  K'/(kN-mm~') P,/kN & %
LVCBD4 15 54 94. 875 0.342 3.052 139.612 48. 062
LVCBDS5 15 44 63. 900 0. 198 2.812 105. 526 41. 957
LVCBD6 15 34 37. 683 0.124 2.771 78.900 33.130
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Fig. 9 Von Mises of lead core with different lead diameters
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Fig. 10 Comparison of mechanical performance of LVCBDs with different 6 value
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Table 6 Comparison of mechanical performance of LVCBDs with different 6 value
R G 5 A/mm 8/mm P,/kN A/mm K'/(kN.mm~') P,/kN & %
LVCBD4 15 0.67 94. 875 0.342 3.052 139. 612 48. 062
LVCBD7 15 1. 00 95.292 0.261 3. 004 139. 564 48.263
LVCBDS 15 1.33 94. 307 0.220 3.079 139. 814 48.375
LVCBD9 15 2.00 95.029 0. 181 3.000 139. 488 48.558
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& 10 F15& 6 AT, DU BH S 5 s [l
i 4000, FR I M R 4T v Tl FE R R ).
LVCBD4 f1 LVCBD7 ~ LVCBD9 -~ JE
A et ey 28 it R W B8 e K BELJE 7 Fn 4
RUEG I BHLJE L e K 22 H I TE 2% N, Ul I 5
VIR 5 29 94 A JE B LU T T A £ 2 it Al
e WIS e R BHLJE 71 R A5 250 % iy B2 EL 5% i
B /N, LVCBD4 1 JE Al i % 4 5 &
LVCBD7, LVCBDS , LVCBD9 Kk 23.68% .
35.67% 47.08% , Ut BH 35 Y1 A 5 29 5 AN Al
JEE B LU X ekt A B AT 0 25 52 ), LTl 5 D114
M 5 2 AN R JEE B L g 3 R T/ )N 5 FH D 11
AT, B 29 AR R EL AR, Al
S SZ N TR0 | A T R AR N e 1) R
fi%. L LVCBD4 5150 Jmy 475 8 28 50 4 71 ek
JIR S 7, Bt 5 U0 4 55 240 oA Al B L g 3
I, R R KL T ERASK Fh 5 U AN A e 7 3|
YA (LVCBDY) . It m] Al AR S B 3=

BTG S % SR BE 2R IR B A
(SR SO T I B U0 9 A 5 249 SR i )5
FEHLH 1,00 ~ 2.00, H 857 5180 b )& B B L
0. 8 fi & Al ik J2 5 B DL H T 8 1E
I
5.4 HEWMRSREEREELL

Xof AR AR 55 R 2 R LY () 4390k
0.4 (LVCBD4 ). 0.6 ( LVCBDIO ). 0.8
(LVCBDI11) B =A™ 45 b i v % 22 BH Je 45 i
30 AR R A B P S B — B R T
T SEAS )M AR 5 e 23 PR B L X 4 el i
PEIEZERHJE 248 1 2# PR RE A 52 ).

P 12 SRt L = A BELE 7% A HE R 28 26
— B IE [ 2k far 28, — 5 8% 1 28 DA K A5 5k el i
FRJE L, 45 124 PEREXT L L3R 7. 16 13 Rt L
100% BT 24 R =ABHR &2 A Bk
PEZ AR AT Von Mises b 1z A.

_— LVCBD4 --- LVCBDI10 i ]
1501 — Tveapl ot 120 S . 60
100+ 100} ;\3 ss|
z 7 80r B sol
® 0 R 60f g
= = — LVCBD4 45
® 0 Far /el % ~ e,
~100 20} ~— LVCBDI1 §40 / -~ LVCBDI1
050 s 0 5 10 15 0 02 04 06 08 10 3 2 3 4 5
{7 /mm {7 F/mm Wit 8] 3Fn
(a) W 1E1 2% (b) TR B (c) SR AR L
B 12 AR[E y EHHEB I 2R

Fig. 12 Comparison of mechanical performance of LVCBDs with different y value
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Table 7 Comparison of mechanical performance of LVCBDs with different y value
- K'/
FLHY 5 A/mm y/mm P,/kKN A /mm B P,/kN & %
: (KN.mm~")
LVCBD4 15 0.4 94. 875 0.342 3.052 139. 612 48. 062
LVCBDI10 15 0.6 95. 388 0. 345 3.002 139. 376 48. 109
LVCBDI11 15 0.8 95.707 0. 348 2.951 138. 949 48.195
M. F1/MPa R F1/MPa M. F1/MPa
+6.276 x 10 +4.904 x 10 +4.240 x 10
+5.753 x 10 +4.495 x 10 +3.887 x 10
+5.230x10 +4.086x10 +3.533x 10
+4.707x10 +3.678x10 +3. 180x10
+4.184x10 +3.269x10 +2. 827x10
+3.661 x10 +2.860x10 +2.473 x 10
+3A130x10 +2.452x 10} +2.120x 10"
+2.615x 10! +2.043x10 +1. 767x10
+2.092x10 +1.635x10 +1. 413x10
+1.569x10 +1.226x10 +1. 060x10
+1.046x10 +8.173x10 +7. 067x10
+5.230x10 +4.087x10 +3.534 x 10
+8.222x10™ +6.933x 107 +7.184x 107
(a) LVCBD4 (b) LVCBD10 (¢)LVCB11
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Fig. 13 Von Mises of complex viscoelastic layer with different y value
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Fig. 14 Comparison of mechanical performance of LVCBDs with different shear modulus
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Table 8 Comparison of mechanical performance of LVCBDs with different shear modulus
p p
K/
iR G5 A/mm G P,/kN Ay /mm P,/kN &/ %
(kN-mm ')
LVCBDI2 15 0.3 94. 305 0.339 2.3 128. 02 52. 462
LVCBD4 15 0.5 94. 875 0. 342 3.052 139. 612 48. 062
LVCBDI13 15 0.6 95.274 0.344 3.558 147. 419 45.57
 ———_
R F1/MPa R F1/MPa R F1/MPa
+6.192 % 10* +6.276x 10" +7.789 % 10"
+5.676x 10" +5.753 x 10" +7.140x 10"
+5.160x 10} +5.230x 10" +6.491 % 10"
+4.644 % 10' +4.707 x 10" +5.842% 10"
+4.128 x 10’ +4.184 x 10" +5.192x 10"
+3.612x 10’ +3.661x 10" +4.543 x 10"
+3.096 x 10} +3.138x 10! +3.894x 10}
£ +2.580 x 10 £ +2.615x 10" 1 +3.245% 10!
+2.064 x 10’ +2.092 x 10 +2.596 x 10’
+1.548 x 10! +1.569 x 10! +1.947x 10!
e e i
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Fig. 15 Von Mises of composited viscoelastic layer of LVCBDs with different shear modulus
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