$36 % 43 S N T Vol.36  No.3
2026 43 H China  Safety Science Journal Mar. 2026

o S| AR R A, JRE DA AR BT B WU T Bl RR 40 1 BR 48 W AR 1B R B AT ()], T R R A, 2026,
36(3) :74-80.

5| #&3X : DENG Tongfa,ZHOU Tong,SHEN Botan et al. Analysis and research on collision restitution coefficient of rocking rigid body
based on kinetic energy conversion of discrete elements[ J]. China Safety Science Journal,2026,36(3) :74-80.

B T B 85 T 3h sE $E HR B9 #5132 W 4K fill 12
e RESTHT

RBE Pa, B W, ks BAH
(1 THEETARY EAGML TSR T %M 341000;
DIHETIARY THAHFEE LS TRREEHNELLLE TH %M 341000)

TEHHEES . X915.5 MR ESIE : A DOI; 10. 16265/j. cnki. issn1003—-3033. 2026. 03. 1829
EEWB STRAF AIRITE (1XSQ2022017) ; TFRE BRB FE S 710 (20242BAB20236) ; IARBHE TIE
(GJJ2200858) ; STFIR T KFEERAZTIE (205200100637) ,
[# ZE] HBRIFENRE BAERR 2 5 K fn Tk KA R 3 R R A AU Dk R R A R B R 3
By 18] AR, SE I X PR AR A5 A E R B A B T kit 2 AT UL RIR B IE S, E A, R IR R
TCREE A AT S Al b Bt AR B R R AL TR WA, AT B R T Bh AR A 3 R R, R WAL
BHABANIANNE.F I MBETENERE R AT R et iR R o6, % 2 MBIt HE
NIRE B LT B RS AR T MR E N R R 8, % 3 MBI ELEF R TR 25
RENAERTHTNESE KB ENMNTENEERE AR, R E, g E R T HAHE X%
(DIC) M E RFI BRI SRR, R B A T sk, FREW . 7 ERKEN
HFERREESEREZH SR EZ M EtEZNT 3%, 8/ N THEZNGEZAEELA 5KBE
B AR 22 R B R AN R AR AR A B S R EAE R Z BT 5%,
KAZTFRERBERTNEEEMEXE A FE N A, REFZLENEH R L L
A,
[X$R] Hugon; ek, HENEK, MERERH; @od

Analysis and research on collision restitution coefficient of rocking rigid body

based on kinetic energy conversion of discrete elements

DENG Tongfa'*, ZHOU Tong'~*, SHEN Botan'>, MAO Qiuyu'”’
chool of Civil and Surveyin apping Engineering, Jiangxi University of Science an
(1 School of Civil and Surveying & Mapping Engineering, Jiangxi University of Sci d
Technology, Ganzhou Jiangxi 341000, China; 2 Jiangxi Province Key Laboratory of

Environmental Geotechnical Engineering and Hazards Control, Jiangxi University of

Science and Technology, Ganzhou Jiangxi 341000, China)

Abstract; In order to solve the problem that the classical model of rocking rigid body has a large error
and cannot solve the collision restitution coefficient of heterogeneous and irregular rigid bodies, realize

more accurate dynamic response prediction, design, safety evaluation and vibration control of rocking
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structure,, based on the energy conversion analysis of mass element, the heterogeneous and irregular rigid
bodies were discretized and the kinetic energy conversion analysis of discrete elements was carried out. The
collision process of rigid body was divided into three stages. In the first stage, the residual kinetic energy
of each discrete unit of rigid body was calculated after the vertical kinetic energy was dissipated. In the
second stage, the residual kinetic energy of each discrete element of the rigid body was calculated after the
kinetic energy had been dissipated in the direction of the rotation corner after the collision. In the third
stage, the residual kinetic energy of each discrete element was converted and calculated under the action of
internal force, and the collision recovery coefficient of the whole process was solved. With the help of the
Digital Image Correlation ( DIC) measurement system, the swing response test was carried out and the
method was verified. The results show that the relative error between the collision recovery coefficient of a
homogeneous rectangular rigid body obtained by this method and the experimental value is less than 3%,
far less than the relative error between the classical model of a rocking rigid body and the experimental
value. The relative error between the calculated collision recovery coefficients of heterogeneous and
irregular rigid bodies and the experimental values is less than 5%. By this method, the dynamic response

of a rocking structure after impact can be predicted more accurately, and a more reasonable structural

design and safety evaluation can be provided.
Keywords: discrete elements;
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Fig.1 Discrete element Kinetic energy conversion model

ZAEH B B () B FE — 3L 3 A B Bt
OREEFTSE O SHERE BRI WA S &AL B IT Y 3 fig
GRS U E AT R ShRE T, RIS M I LAY 3h
BB Ty, "o QRlEEBEE . 53w B ZhAE T, #oe
SFERL, T S HUAEATRIBhRE Ty, ™ S0 R O'S 7
A S REFIEE LT 0'S Il ghag, et ol o
MR E 0 5, QREIGSE 0 S e bR iy
O'N 75 8] (1) 29y B 7 1 T 174) T 151 ) 1) S 45 1 R0 b T o1
A7l EE S SL FIME R 8 2 FE T E O'N 7
n] () Bl RE L M 58 O Tie ik I BhiRE

P PEAERIA Bk, S5 R 2 iR B AR
O3 R « i on, B0 y B, AT C, B KA ]
9 B A 0 T i 34 43 B AN BT AL, 9T T I R R
.

my, my; my,,
M = mil mij in, ( 1 )
mnll mnlj mn1712

S m, SRR (x,.y,) AR R 3T
iel,n],je[1,n,],
Tl Fi R ], KA S A5 AR BT AL E N

v =07 R (2)
A, 0 WA AR, R S AE 0 A
i
T T L T AT A S R
v‘gJ:é* R™ cosa (3)

Kb oy 0S SER I,
TEREE BRI 12 S AETE T 0'S J7 0] A3 hy

0 o 0o o 770 o
(a) AR (b) A BF Al (OFiz:9=
2 EENEREsER

Fig.2 Discrete model of rocking rigid body
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Table 1 Parameter table of homogeneous regular rigid
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4

U AT A O N R K- ) BE A5 {HL 2 38 DR 43 4 fk
IfI) SRR ZE AR, R, 24T 2 A, EHOR
KK R B RAE AT 20 A . D R X Y
KPR AT SE1E | SR s 80 5T G A ( Digital
Image Correlation, DIC) Jll & R Ge X} il R EL T e $2
A2 o IR, 1 2R R g IR 1AL 3 R

B3 fEEnnsikie g

Fig.3 site of Rocking response testing
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Table 2 Comparison table between experimental values

and theoretical values of homogeneous regular rigid body
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