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Energy evolution of hexagonal honeycomb under different
graded cyclic loading and unloading modes

ZOU Quanle*’, ZHOU Xiaoli**, WANG Ruizhi, LIU Hao‘, LIU Ying"’
(a. State Key Laboratory of Coal Mine Disaster Dynamics and Control; b. School of Resources and Safety
Engineering; c. College of Aerospace Engineering, Chongqing University, Chongqing 40044, P. R. China)

Abstract: In order to examine the effects of cyclic loading and unloading paths on the energy evolution of
hexagonal honeycomb, three different graded cyclic loading and unloading tests were conducted. These tests
aimed to reveal the evolution characteristics and interrelationships of total external input energy, elastic
deformation energy, dissipation energy and plastic deformation energy under different graded cyclic loading and
unloading modes. The findings show that the initial peak strength and platform stress of the honeycomb are
influenced by the release of the elastic energy during the unloading process. The total external input energy, elastic
deformation energy and plastic deformation energy of the honeycomb exhibit a nonlinear increase as the number
of unloading levels rises. However, the dissipation energy decreases with the number of unloading levels in the
first three cycles, and the upper limit of the cycle load is larger in the last stage. The disturbance effect is stronger
than the enhancement effect, resulting in an inverse trend in the dissipation energy. As the upper limit of the cyclic

load is elevated, the damage inside the honeycomb increases, with the severity increasing closer to the initial peak
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strength of the honeycomb. Furthermore, raising the lower limit of the cyclic load leads to a reduced release of
elastic energy and amplifies the level of damage.
Keywords: graded cyclic loading and unloading; honeycomb; dissipation energy; total external input energy;

damage
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Fig.1 Natural honeycomb
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Table 1 Parameters of hexagonal honeycomb model
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Fig.2 Specimen preparation and test equipment
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Fig.3 Time-load curves for different graded cycle modes
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Fig. 4 Stress-strain curves for different graded cyclic modes
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Fig. 6 Energy evolution process under different graded cyclic modes
N T HE— AR 2 i S e — G — A PR Y 25 5 23 BE B B IOA [) 23 G A0 BRI 1) 288 50T A [l 4
S5 GUAE PRI ) RS RE A AL A OC AR L T 7 AT

0.008 | 0.006 0
0.007 :\‘\k/‘\‘ 0.0055 | B
|
% 0.006 H\\‘\'_"\__ '?5 0.0050 | .
§ 0.005 | —e— S AR Es L :%lﬁ'ﬂﬂﬁlﬁﬁiﬁ
SoFm BB
e s o3 e AR
0.004 | —— 3R i |
PR
——————————— o -
0.003 . . . | 0.002 5 . . . )
1 2 3 4 5 1 2 3 4 5
PEIA I PEAREL
0.004 \ 0.0010
~ I e AR [ —a o
T 0.003 \ IR S it ~ 0.0008 ¢ —_—
& —— S EBAL E \/\
‘\’ 0.002 |- s I
= 5 00006 F e R
0.001 = —— SE2F B EAL
Tt —a SRR
0.000 ;

0.000 0 g : ;
1

(a) T FAEFIMEERAEE B AL



% 8

BRAR,F . REA>BABFmEBAEX T NAME T kT EAE 51

U;/(J-cm™)

Ui /(J-cm™)

U,/(J-cm™)

U,;/(J-cm™)

0.026 —e—S2FIn
—=— S 1R 2R R, L :
0.018 2 3R AR
0004 B —e— ORI BRAR 5
e IR ~ oorrs b
0.022 | ‘g ’ - i
0.020 % 00168
S
0.018 | 0.014 0 //__/
0.016 | 0.0133 F
0.014 s 0.0126 :
1 2 3 4 5 1 2 3 4 5
PEA K PEA B
0:012 T 0.0030 §
O —=— SE R R
) —e— 2RI NI A 0.0025 |
0.008 | A R SRMEI A o 7 ——— S IRmAIERE
§ 00015 [ ——S2mirnEmEm
0.006 | 2 o A BRI ERE K
0.004 | S 0.0010 \\\
0.002 | 0.0005 | b .
0.000 : ; . . 0.000 0 \‘\‘——‘“‘
1 2 3 4 5 1 2 3 4 5
TEARE TEAUEL
(b) T ERIEAIMEHRAEE T
D05 [F 0.044 -
0.050 oo, .
0.040 ¢—*— °
0.045 - S —
—=— SRR g
0.040 —o— ORI R AR 5K, = 0036 | —=— SRR MR
—a— 3R ERAR R ;, = —e— SRR
0.035 | —a B3R AR
0.024 |
0.030 | e
0.025 0.020 | . ; ; ;
1 1 2 3 4 5
PEIR L
0.030 0.0090
9023 00075
—l| —e— SR - ]
: —o— 2RI EI AL £ 0.0060 - —s— SF RN AT
0.015 | —a— SE3RIIM R & —e— SRR
° b‘a 0.004 5 — +%3ﬁ'ﬂﬂﬁlﬁﬁﬁ
0.010 | ——
0.0015 |
0.005
00000 T —4+———4—— 4
0.000 1 2 3 4 5
PERRREL

(c) MAF IE B AL R AL



52 TR K F F IR % 46 %

0.078 [
0.140 |
S 0.075 |
0.120 | \*\\H\ e
T & 0072
o om0y :
L o —— SRR S 0] —e SRR
3 —— 2RI AR —e— ORI
oia ] e AR e BHEAREGE
il 0.027 | ‘ .
0.040 : . : : : : . .
1 2 3 4 5 0024 5 2 3 4 5
PEARE TER B
0.020 -
0.060 T
—— 2 []
= 0016} //.\“' 0045 e 3R AR
g / Ig
5 0 e IR S 0030 | i
= —e— SE2RIMEAIERALR =3
0.012 e SR AR vots N
000005k — o, \\\\»____1\\\\‘*__1
0.000 00 - - - 0.000 . . .
1 2 3 4 5 1 2 3 4 5
PEI B TR WAL
(d) IVEAEHA I EI R e 2wk

B7 AEmMEBERXTHEEELTE
Fig. 7 Energy evolution under different graded cyclic modes
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Fig.8 Energy evolution of cyclic loading and unloading at different levels with different graded cyclic modes
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