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Fig.1 Simplified model of the geotechnical centrifuge
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Fig.2 Schematic diagram of the moment of the anchor bolt

AR5 1 V-1 e 3 RSP 5 7«

F,+F,=0
Fo+F,=F,
Fh=-F,a+F,a (4)
SURAE ) ) ) A ARAESC R, AT A
F1:Fx2_i9F»|:F»2:ﬂ (5)

Xt A JE A B SRR AR SRR R, S iR e i
RIVAFEIT7 00 245 , nl A AR K bR sz e K 1o

F. _3F.h
- %’ Fymax - Rn (6)

DAL AYAR [ AP ) F, 2l 294 000 N 1B AL N
1), AR B0 R=3 m .n=24 .h=5.5 m, LA (6) 7]
F,.=6125NF  =67375 N, #HiiZM#H3.6
G M48x24 12 H4: T /B 0. 547 it R FE 1l 5 2 )i, Mg
PRI B4 N 77 245 5A1 90 MPa, 111 AN g 7 A f A A 5
SR, = F,.JA = 44. 3 MPa, K 0] R 45 & AR Bl
AN IR T 01 32 ) o AR 0.5 A5 5 A R A
5,00 3. 6 PR AEAR [ AT VR FIR B S50, ) A2 Ak
20 50%; R H 5. 6 JUURKE T35 T 224620 30% .
1.2 RibEAFEES

OB TSR B E Z R E WA EA T
77 A R K b ) 28 0eT 4E T, RT AR AR R SR Ml ) S ST )
F oo WA 745 K VA 05 R

1 xmax

F,-F,=F,
‘ ‘ ‘ (7)

F,+F,=0
F,a+Fr=F,a (8)

BE
F,=F,=0 (9)
3r 1 3r 1
Fz_Fy(ﬁ_E) FQII_F}‘(E-FE) (10)
()42 ) AN SPA AR BN 2 e K )y
4r,  3r 1

F.x.m.x—(),F}mux—T(élRﬁL2) (11)

B B AL R ) ASSEA J7 F A 294 000 N, Hi 2
B R=3 m.r=7 m.n=24, h=5.5 m, f& A (11) 7] 1§
F.. = 110250 N; 25 Hb B2 44 58 3. 6 24 M48x24 18 #4:
W HE 0. 5 4% i IR 5 B2 100 8 22 I, AN STl g 7 A ) 0
BN SR, = F . JA = 72.5MPa, #5% 0.5 1%
5 FR B U 3. 6 SR IR AR AR AR [ R SF A AR R
(TR ) A2 R 819% 5 TR 5. 6 Mg, W 7T X )
AL R 48%

WRYELL Lol LA B0 AL sh s 1), 34
RECIRZS T b 0 B2 A2 b ) 9905 0 1 38 B R RE S5 ik 3
30%~80% . PRI , 9125 Aty 1 PR 415 bl A0 A28 44 il 1) 990 5%
TIWE B it S A ATA T
2 TLJ-500 RO HA P& ANl
2.1 REHHMKIKE

Sy 6 TF M SRS T T KB R T AT L AR
TLJ-500 % 4+ T B0 ML EIF RIS . B0l Rk S5
WE 3(a) Fi7s 708 R G0 0 B AR A5, 10 i ke FIC 1



547 B 1Y

WRELIK , 45 JE TR 1 5% ) M - TR o LANFA85 3 9 7 1205 109

0, 53— I S, AR A0 o 0 A ) 1) 970 28 AN [
AOBCE B, ARV B DAL R S8 (L8 RS i
i 12 MBS S5 M HE AR , ) 1) R A 7 R A L

2 565

(a) BLOHLRGBNASAFA 1R

(a) Sketch of the dynamic unbalancing force of the geotechnical centrifuge
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Fig.3 Test of TLJ-500 type geotechnical centrifuge
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Fig. 5 Variation of the axial force of measurement points with the

balance weight mass and the acceleration of the centrifuge
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Tab.1 Fitted coefficient of each measurement point
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Research on unbalancing force approach of the geotechnical centrifuge based on

pretension measurement of bolts

CHEN Hongyong'? NIU Hongpan'®> LI Qisheng' YANG Yuming'’> SONG Qiong' LI Xinyao'

(1. Institute of Systems Engineering, Chinese Academy of Engineering Physics, Mianyang 621999, China)

(2. Sichuan Key Laboratory of Impact and Vibration of Engineering Materials and Structures, Mianyang 621999, China)

Abstract: An online measurement method of a dynamic unbalance force of the geotechnical centrifuge was carried out

based on monitoring the change of the axial preload of anchor bolts. Firstly, the change model of the axial preload of the
anchor bolt under different unbalanced force states was deduced theoretically, which proved the feasibility of indirectly
measuring the unbalanced force of the centrifuge. Then, the typical testing case was carried out on the TLJ-500 centrifuge, and
the law of the dynamic unbalance moment changing with the counterweight was obtained. By fitting the change of the axial
force at the measuring point, the relation between the axial force at the measuring point and the unbalance mass and the
running gravitational acceleration g value of the centrifuge was established. Finally, the relation between the change of the
axial preload of anchor bolts, acceleration of the centrifuge and counterweight mass were obtained by measuring the preload
change of one anchor bolt and fitting the response surface. The results show that it is feasible to obtain the unbalanced force of
the centrifuge operation by monitoring the change of anchor bolts’ pre-tightening force, and the centroids of different
counterweights should be kept consistent in the test. When calculating the counterweight mass to balance the rotating arm
according to the fitting formula, a larger acceleration should be used as far as possible to reduce the error caused by the
centrifuge not being leveled.

Key words: Anchor bolt; Axial pretension force; Geotechnical centrifuge; Unbalancing force; Fitted model
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