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12 600 LRB 7 RB 5
G =0.39 N/mm’ T =120 mm T, =144 mm 1(b)
2
2.1
12 (LRB RB ) 15 MPa( 4 241 kN)
+30%
4 CLP50 0.5s.
15 MPa 100% ( +120 mm) 0.02 Hz
4
2.2
3 LRB 3 RB :=20C.-10C.0C.5%C.
10 €22 C.29 € .40 C 15 MPa
100% 0. 02 Hz 4
2.3
6 (RB LRB ) 100 °C 240 h 336 h
(20 °C x 60 a) 72 h
350% ( 15 MPa ~420 mm) 1. RIL-600-
L 120 ( 115 MPa 100%) .
1
Table 1 Compression stress dependence
/% / f/Hz /mm
1 +50 4 0.02 *+60
2 +100 4 0.02 +120
3 +150 4 0.01 + 180
4 +200 4 0. 008 +240
5 +250 4 0. 005 +300
6 350( ) 1 0. 003 -420
3
3.1
12 2. °
K, =E_*A /T, (1)
E('\' E(t\' :EC.E\'/( Ec + Ev) ; E\'
E, E.=E(1+2kS}) E ok
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i S, 3
K, =(P, -P,) /(8, -6,) (2)
P, =(1-30%) P; 6, P, = 0
(1+30%) P 8, P
o| A
Q,f X K, _J.--RB
2 K., VH,, K, P
Q. 18,10, R
Keq =( Ql - Qz) /( 51 _52) ) Pz(é‘k" Q‘)
H.,=2+*AW/ @K (8§ -8,)°
Kd:{ (Ql_le)/51 + (Qz_de) /5, } 72 5
Qi = (Qu -Ca) 72 Fig.2 Calculate analysis method of horizontal property
LRB
RB . 2
-21.1% ~3.3%; RB ; LRB
N N N 15%
2
Table 2 Results of datum mechanic properties
K,/( kNemm ?) K,/( kNemm?) K., /(kNemm?) Q,/kN H, /%
RB-600-A 1964.3 X 838 — —
RB-600-B 1944.6 — 842 — —
RB-600-C 1913.7 — 841 — —
LRB-600-D 3014.2 971 1399 94.2 31.5
LRB-600-E 3159.1 961 1383 94.9 31.9
LRB-600-F 2955.9 982 1435 96.2 31.3
RB-600-G 1954 — 846 — —
RB-600-H 1929 — 866 — —
LRB-600-1 3039 998 1535 96.9 31.2
LRB-600-] 2 884 991 1 497 95.8 31.9
LRB-600-K 3029.7 980 1563 101.2 32.2
LRB-600-L 2889.9 972 1571 100. 5 32.1
3.2
3 RB LRB 6 15 MPa 100% ( +120 mm)
Q,=1.155¢ (>0 ¢ (3)
K =1.0354e  "*™¥ 0K, (4)
T, 20C; T K
3( a) (RB LRB ) RB
40 C 5.5% -20 C -3.2%;LRB 40 C
2.0% -20 C -0.9% 40 C -
11.5% -20C 17.8%.
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N ;40 °C
8.5% -20C 10. 1%; 40 C -5.9%
-20 C 0.4%; 3(d) RB LRB
1.0r 11.0 14r
= i (RB )
11F ~ ARE RBA) 1y - Kt
% g g 12} - K i3 )
= 1.0r 11.0 § \:%—(
8 oL - BHHE RILI) loo & =
i ~ I fH (RIL 4 ) "
0.8 - ! L : L 0.8 04 L I | ! ! |
24 -12 0 12 24 36 48 -24 -12 0 12 24 36 48
6/C 6/°C
() SRR . BHJE L iR R (b) JE M5 MIBE 55 R 2
1.6 14r
L4r = Q,(&ilHE) =K (RB 1)
= 1ol - Q) s 12 K (RILT)
ot =
= 1.0 =
= 1.0 % 03]
0.8+
0-6 1 | 1 | 1 ] 0.4 | 1 | 1 | |
=24 -12 0 12 24 36 48 =24 -12 0 12 24 36 48
6/C 6/C
(o) G 1 i () e 1] PN e SR
3 (o, =15MPa y=100%)
Fig.3  Relation of horizontal characteristic parameter along with vertical pressure strain and temperature
3.3
Arrnenius
_ owar (11 )
¢ = 1, x10 ( 7 ) /R
i~ T, (d) (K) ;T ()
(K);R ( =8.31 J/mol*K) ; E ( =90.4 KJ/mol) . (5)
’ 100 C x 240 h
100 °C x336 h 6 20 C x60 a
( 15 MPa 100%)
RB-600-G K(60a )/K/( ) =0.967; Keq( 60a ) /Keq( ) =0.954
RB-600-H K(60a )/K( ) =1.003; ch( 60a ) /an( ) =0.918
LRB-600-1 K(60a )/K( ) =0.994; K,(60a )/K,( ) =0.981;
Q,(60a )/Q,( ) =1.093; Keq(ﬁ()a ) /Keq( ) =0.993;

LRB-600-] K (60a )/K( ) =1.010; K,(60a )/K,( ) =1.008;

d

0.60a )/Q,( )=1.082; K, (60a )/K.( ) =1.017;
H.(60a )/H, ) =1.053

eq
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LRB-600-K K.(60a )/K( ) =1.005; K,(60a )/K,( ) =0.930;
0,(60a )/Q,( ) =1.03; K, (60a )/K.( ) =0.946
H,(60a )/H,( ) =1.109
LRB=600-1. K.(60a )/K( ) =1.099; K,(60a )/K,( ) =0.919:
0,(60a )/0,( ) =1.062; K,(60a )/K.( ) =0.985;
H,(60a )/H,( ) =1093
RB : LRB N N
4. 5 LRB-600-J( 100 C x336 h) 15 MPa
4 LRB-600-]
N ; . 5
1.07 = K (ZALAT) 11.07 1.10p S1.10
o 104 EH"E gﬁ%; 1.04 5 i 105 \ /~‘-"5
4% 1.01 (R 1015 %1‘007 T i 1.00;
& = EBost Tl O E
0.98 0-98° S ool 0 E1L)T ) 0.90
= Q (ZALHT)
0.95 n = 1095 0.85 n = 2085
o] 7 / MPa 2] F7 / MPa
(o) RPN, AR B AL RS (b) S MEWIEE | St MR Ty 22 Ak RT IS

4

(o, =15 MPa)

Fig.4 Relation of in front and behind aging horizontal property parameter and vertical pressure strain

1.61 11.6 1.851 711.85
= K (Z1Lir) o K (ZALHT)
= H_(EAEHT) 2 iy L55F K (EHA) 41155
& 12p =K (em) 125 = ~0,( &AL ) R
= -~ H (#W) = {c 1.25F - (ALRT ) 1258
g l % = =
s Rats = 0051 £0.95
: ;
04 100 200 300" 065 100 200 300
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() SEREMIE . “ERUH R L2 LTS () JEMRIGWIEE . JE RIS
5 (o,=15MPa y=100%)
Fig.5 Relation of in front and behind aging horizontal property parameter and shear strain
LRB-600-] 600
X 450
6 LRB-600-] ‘
~ 300
15 MPa 350% ( -420 =
B~ 150
mm) %
0
. 3
LRB-600-J( 100 °C x336 h) LRB-600-L 13000 0 100 200 300 400 500
(100 °C x 240 h) . 120 AKTAAS / mm
(o, =15 MPa)
LRB-600- Fig. 6 Relation of horizontal force and displacement
J( ) N -24. 4%
-12.96%; N 2.5% 17.9%. LRB-600-1( ) 120
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N N -15.7% - 11. 96%
-8.7%, 5.6%.

3 N N
Table 3 basing property contrast of in front and behind aging (240 h and 336 h) and after ultimate strain and recycled

K,/( kNemm ™) K,/( kNemm ?) K.,/( kNemm~?) Q./kN H, /%
2 884 991 1497 95.8 31.9
LRB-600-] 2913 999 1522.4 103.7 33.6
(336h) — 751. 8 1303 98.2 37.6
2889.9 972 1571 100. 5 32.1
LRB-600-L 3176 893.3 1547. 4 106. 7 35.1
(240h) — 819.2 1384.3 91.8 33.9
4
1) 600 (RB LRB) -20°C ~40 C
RB ; LRB
2) 600 (RB LRB) . RB
; LRB . N
( )
3) LRB-600 (100 °C x336 h)
; . 15 MPa
350% ( —420 mm)
4) LRB-600 100 C x240 h <120
100 °C x336 h \350%
i 350%
120
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Research on Temperature Dependence and Aging Rigidity of
600 Laminated Steel-plate-daminated-rubber-bearing
Isolation Bearings for Building
ZHUANG Xue—hen'> ZHOU Fudin' > SHEN Chaoyong'? JIN Jian-min' ’

(1. EarthquakeEngineering Research Test Center Guangzhou University; 2. Guangzhou University and Guangdong Key
Laboratory of Earthquake Engineering and Applied Technique Guangzhou 510405 China)

Abstract: In this research the temperature dependence of laminated rubber damping bearing with temperature

from —20 °C to +40 °C are tested for 600 laminated rubber damping bearing. With the temperature of 100 °C

from 240 to 336 hours in front and behind aging and 120 times recycled pressurization of laminated rubber

damping bearing are compared by property. It is proved that the temperature influence laminated rubber damping

bearing with damping ratio and horizontal and vertical stiffness. Its’ aging tests are attained to 60 years with the

temperature of 20 °C  providing foundation for isolators technique using in the field of architecture.

Key words: mechanism isolators; laminated rubber damping bearing; temperature dependece; aging; rigidity;

yield force
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