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NONLINEAR RESTORING FORCE CHARACTERISTICS OF CONVENTIONAL ROOF BEARINGS
SUBJECTED TO MOMENT AND SHEAR

#OHEAET, LR P ORRTE AT A

e, 5 K '™

Hiroyuki OGATA, Tetsuo YAMASHITA, Toru TAKEUCHI
and Yuki TERAZAWA

In 2011, many roof bearings in large span facilities were damaged severely by the Pacific coast of Tohoku earthquake. Some of them were designed

as slide bearings to release the thrust caused by the weight of roof. In ball-jointed system truss roof, bearings are subjected to horizontal movement

and rotation since the roof structure has insufficient bending stiffness. In this study, we conducted the cyclic loading tests on conventional roof

bearings and analyzed the observed behavior. In addition, we derived functions which express horizontal force in relation to horizontal

displacement and rotation and verified by comparing with the test results.
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ZITIEHM 23 DX D REHAIZ L HRN— AT L— |k EHT L — M
L OERIZER T %, M 24 ICFERPHHE ST S-70 FBR KD IEM
B HTERES £ OVIEBR T D TR C & B, 3.2 B 0BT
55 EEBR R & ot SPESR C IR ) BSOS
PE, EHRAPEDSZ—Z & 221k LT B8, FeKii )8 % Tofi 57
ERLE HIYE LTS 7D  ABFTE TR B il 2 BRI R & B2
fill A0 D B A CITEIT 2, E#E A ZRCRI R E TIERET S 2
LT BMENC T DB IR FOFIECRIE TE 5,

1, BESICBT D N—RA T L — NS, BEEE0,. KPP &
R, PR SO A 2 L D
2, [EWHEIZ X 2RIy 2 MERICERL Y | B A & O EN DK
M SR TOR—=RT L— NENLSy,, [al5f40, % KD 5
LR, () THlLSIZ BT 5 8¢, 8¢, PeDFEHL, (8) THOKIH1SIZ R 5
8y, 0y, Py DELHIZ SN Tk 2,

Q) BEfilSICE T D6, 0., P D

eSS BT B XK T V&K 25 (SR, 727 LRl 2 R
D T FSICAE T DMER NITER & 5, 7o —A b
IEBIRMEMEM & Hica 27 ) — RN TOPFILREX—ZA T L — |
LR & DS IBNTEME e PR TERR LTV D ERET 5, B
RIMT T —RV RO PO v 1T, SO R DR EET
a7 Y — Ml _XR—=27 L — MUTHOT DI 203 fHik& D7
BRI DL BRI T > — L MR ER B SN T v PO
BNV BB LT ARA LRV E Lo e v i X 5 T
NOHREAET 5, M TIIRN—AT L— MM R(21) 2
ZTRY, EAZNVEREHETL— OB TEEANEL TN
EH OV EEICVER T 2 TBEGUNISIRE R EIER T 2 8E K )
Thbd, OO HEVEREDITRT,

oM M,
Py = thno(Py + n:Ncosy) + Pyp + n, (Nsmy + h—) +n, o (22a)
m m

Pye = Py(d. — 8,pp) + neNecosy{d, + d. — (6 — 8.)} (22b)
T TS Ul TSV B E BT L— b & OEEBREL. N, MIT 1 e
VBT Ol ihiFE—A 2 N TH D, HkT B BEE TR
PTFE > — b BICOAS5AT 5 & L TR & [HERICd, = 110mm
LD, OF v —HR)V NETIN,M%E S, 0, DK THE L, @K
HIBRD B0, % TE WD, @y & Spop \TIEEIAE F N TU22) DR A% %
Py, 8cDHIET D, @M TERDHP,EMET D Z & TS AZDNT
iR <,
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O N,M%S,0DBKTET

T =RV MG JIN, MIF— A b o D BER A LTk
%, MO DO HEITERT 2, Tk 3),) TS HAEOF
EARIINTND, 2 2 THEBHERAAIE 7 > —R v b Oié S
PEZEHAWT, N, MZ RIS, 0 DGR s L TR,

WMPEE P ORI OB MW T O T By & 4
L CHPEOF RS OB 2 W\ Mdu, dyY £ 55, dudylil e Vb
720 OWSTHNAETE . By REEA TH D,

26 127 A —RN FOVREILET VAR, XILHLHN D
Sl > =L b £ TORERE, giRESERE Th 5, KRPFEENS,
HSTEN S DR 0, MY DIRFEIC & 5 M5B, 1> B IR KL
ds, WP IEHEdO N E U TP\l D 95, 20L& R

B Bdu, dylTRATTREIN D, dulTBEDEILO 250 1 & L,
1
du:i(|0Pn+1|_|0Pn|) (23{1)

(23b)

dy = tan(¢P,0C — £P,,,0C)

[ SR R

x (=d;+xp)
26 7o h—RIL FDEHSER

MP B LR, DIEFE Xy, 0, g% AV TR L, R@2IITAT D,
KR D R A TR B BRI B R g 2 VB, RIS K sing =
0,c00=1,g=Xx— (6 —6)H\TIKRXEHD,

du) Uy Ulz] ds
{dy}‘ v el G
ZZIZ,
§— 84— hy0
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2\/hm2 + (6 —8,)2 4 2h,0(X — 6+ 684)

_xX(=(8—38,)0 + X0 + hyp) — hyy (5 — 8y)

12 —
ZJhmZ + (8 =82 + 2h,0(x — 8 + 64

= %60 + h,,
TR+ (6 —6.)% + 2h,0(X — 8 +6.)

_(6—=64)%—2(8 = 6)(X + hyp0) + hy, X6
T hpt 4 (8= 84)% + 2hn0(X — 8 + 6)
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ZZC, 3.3 H(DTOA LA H0 — SPR LB L UET D, X271
AR AR IS 550 — §DE£ 77T, 10mm Ll EOFEIH T,

RS CECHY 72 3TN 70 D LB X B2y, /NI CIES & 0134k
RILFIBETH D L E2 5, K 2T DEMOMEE & o T2 LRAN

—=a (25)
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°72M, 2n, &7 2m, 2n,?

2
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W, BEild 5 & EOSMFERIFRG0) LAY Zo L X ORIESE
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LBV X NVIETH D, REBRORERKTIZO, = 0.008rad & 72 o7,
@ v LB DI
T2 I =RV MERHE v 120V T BRPERLDE & R 2(16) THTEL
T % BPEE T OISR RIA D BB A AL C & 722 < 7R D 72D IR
KT 5,
Siop = Oc + €0, 31)
@ P, S.Dfi#
20 HVR(22)12:K(16),(28),(29),(30),BD Z R AT D = & TRAE
1P, 8. & 725, S BITP AT E L. SATONWTD 2 R E2 155,
A8:2 + (0.008B + )8 + 0.008°D +0.008E+F =0  (32)

Noe 4nsM. 6,
. (1_ szp)+n6e<#mo_h_d)_n6(dt+dc+5cl)+N0}
Ny m

6,
+nge (#mo - hd) - ns(dt + dc + 6cl)}
m

2M,
F = Py(umoe —d.) + Pype + neo e
m

+n, {ZhMr:e <1 - Ilz_:,z) + Nye (umo - Z—:) — Ny(d, +d, + 60,)}
ScEHHL, 20 AVWRNLPEHELND,
(3) KM /AU 568y, 8y, Py DFHH
iS22 TR T & PTFE ¥ — b O W7 L— R
KABEF L AT A R OB Kbt 5 2 & Clliis Ry
ERDID RKRMINTE—A L FOOYHNWTIRED, TV h—R
VBRI ET S EEDE—A L PO AVEEEB3) LY
WRM AN 25, KAOBEBOLMMETHE T L— e Ld, =
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Y . . (33)
AR TER A EORTHDNE
-P
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SyHRDDZEMNTED,
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5Y - C e C e (36)
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fe N TR(34),(85) 0 5Py, 8, DIE B GBS,
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TIEARCTRIPEZ EBRAE R L 0 3 BIFLEE @ O ICFHM L7z, ZAud sk
9L DFER L FFEDREE CTh -7z,

AR L O /NS WENICA LN AW E EFIEE L2V ki & i
L— b & OB PR RERIEBEENICEET 2 ETO ERHEEZD
o, D%, VIR DKL T HANT OMIEIMEL 72 2,
AL S-B0IZBWTHHE CTH D, 72ds, R@AITB T 2 BEER K1,
130.4 D& X ERME L ST DR & I o Tz, F Bl ot /) L5
ERABELRET L — MGICBET 52 LICEDE—A 2 FORD
RIVELRLZLICERT 2D EEZHND,

I KM 7 MR BRI C 2 BRI R & 72 o 72, ZAUER(B3)IC
BWTRATELONE ZARET D BE, T H VO R L7
72EBEZ BN 29(a)), FEBEELE 29()D K 5 IZE N H VDL
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i RaRA Y

F 7o MITENLE DI TIENLE o e BRI L 72 B i & SEBRAE R
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TIFRGD)TH Uiz, ZHITEIRO TR O DK NI Y
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=6 EHEET
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5.

1)

2)

3)

®7HE®E

HRPEIR S FEf A b oNTYal
59 5tap ge P, e 56‘ ‘Stap 96‘ P c SY 6):0;: ‘9Y Py Y
mm mm rad kN mm mm rad kN mm mm rad kN
S-70 5.17 5.17 0.00179 45.1 8.33 11.14 0.008 132.6 11.45 16.39 0.0141 219.0
S-30 429 429 0.00262 56.7 7.53 10.33 0.008 142.5 10.45 14.95 0.0128 219.8
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