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Investigation on Damage Constitutive Model of Phyllite
Under Nonlinear Step Loading
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(1. Guangxi Industrial Design Group Co., lLid., Nanning 530022, Guangxi, China; 2.School of Resources and Safety
Engineering , Chongqing University, Chongqging 400044, China)

Abstract; Based on a triaxial creep test of saturated phyllite, a time-dependent variation law of creep characteristics of
saturated phyllite under the coupling effect of pore water pressure and unloading stress was investigated. The results show
that the creep failure of saturated phyllite is a typical brittle failure, characterized by instantaneous application of a force.
An increase in unloading stress and pore water pressure can accelerate the creep failure of saturated phyllite. The Burgers
model was improved by adopting a variable of instantaneous failure, and an elasto-plastic damage body was established
by introducing a variable of time-dependent damage. With the improved Burgers model in serial connection with the
elasto-plastic damage body, a three-dimensional damage constitutive model for rock creep was proposed in consideration
of the coupling effect of excavation unloading and pore water pressure. After regression analysis and parameter
identification with the Levenberg-Marquardt (L-M) algorithm for the test results, it is found that the theoretical stress-
strain curve from the proposed model are in good coincidence (R*> > 0.9) with the practical ones for decay, steady-state
and acceleration phases of saturated phyllite from the experiments, verifying the accuracy of the model. It is concluded
that this model can effectively describe the creep behaviour of mine slope mass under the long-term coupling effect of
excavation unloading and pore water pressure.
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Table 1  Triaxial creep tests of phyllite

sy b URKED IR BIEEE
SZ-1 0.5 4.0 4.3
S7-2 TeHAEH B 1.0 4.0 4.8
SZ-3 1.5 4.0 4.8
SZ-4 0.5 1.6 9.6
SZ-5 HIHZHE) 1.0 1.6 9.6
SZ-6 1.5 1.6 9.6

(a) o | (b)e &
Oy & [ b

=% & [T ! E

2o, e Do
7, & == ", E :
G, 3 : E i
0 B 0 : — B

0t f, t t 0ot t t t
i ] i i)

(a) BiJIBkA%; (b) RIASERAR
1 MABRERNETEEZREE
Fig.1 Stress path and strain path
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Fig.2 Deviatoric stress-strain curve of saturated phyllite
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Fig.3  Axial strain versus time curves of saturated phyllite under different stresses
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Table 2 Variable of instantaneous failure for saturated phyllite
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Fig.7 Comparison of curves by creep damage constitutive model and experimental measurement

M7 AR 4 0] LA B0 A R A 0 i £ 55 5
I ith 2 vy B R e, AE R B TE 0.9 LLE, Brak
ST BRI AL AT A R RE TR REAT R IR ARG A8 3 e
18 D I A2 AR S I AL B B o %o T g B A2 e T~ A

AR B, AT A AR ) 40045 4 s B BT 0.95 LU
o BRI ARSI B ) A5 5 A R BE A RCH
IR AT HOE AT FZ I 1 )5 ALK S RS A
I iDL S T A T i



46 A i 5 45 %
R4 ERSHIORZER the deformation area of open-pit rock slopes under variable rainfall [ J ].
Table 4 Identification of model parameters Measurement, 2022, 188 110544.
[5] EAE o, MR, 5. JETHAREYL 8 1Y + A iR & 1kih
gﬂg gﬁﬂ%ﬂ/ K ¢ G m mo Gy m R iﬁﬁ%l&ﬁﬂ?{[ﬂ E“zﬁii?, 2025,45(1) ‘7f1,3‘ | |
MPa WANG Xijing, YANG Yi, FU Jun, et al. Stability analysis for soil-
S7Z-1 51.3 12.06 10.72 306.02 4539.69 25.89 96627 2.900 0.976 rock slope based on rock random distribution model[ J]. Mining and
SZ-2 51.3 11.99 10.29 504.87 3669.16 103.53 90 145 1.880 0.940 Metallurgical Engineering, 2025,45(1) :7-13.
SZ-3 51.3 11.74 10.62 174.78 2737.60 15.66 54370 2.776 0.978 [6] LIQH, WANG Y M, LI X S, et al. Evolutionary characteristics of
SZ-4 513 11.89 12.67 132.19 1504.10 34.15 1496 0.601 0.972 the fracture network in rock slopes under the combined influence of
S7Z-5 513 1143 12.66 216.03 81176 22.54 18450 2.655 0.963 rainfall and excavation[ J]. Bulletin of Engineering Geology and the
SZ-6 51.3 10.06 12.69 73.73 4176.51 71.45 531 9.800 0.998 Environment, 2025,84( 1) :47.
(7] M@ R EFERT IS L R E s (1], R
5 LA Ak, 2024,33(H4T 1) 124-127.
e ZHU Jingzhong, ZHU Fei. Study on stability of high slope in an open-
1 ) T@ﬂﬂ:ﬂlﬁ E,:J m%ﬁ EHE] gﬁﬁﬁﬁ | ?ﬁ@jj 7J(_T{Z‘F pit r]nine [;\] . Chir;a Niining I\:lagazin;;, 2024 ,33( il:r; 124—12;J
W AS Bz SEAE TR L T 5 50 T 5y
SRR AN B, (e 5 Bk e e
T ’ %*&%E@m%ﬁﬁ?jﬂ%%fmﬂj #E?ﬁﬁi E(J 3 /I\é’—-;é;ﬂi‘ HOU Di, XU Zhen, MO Zhikun, et al. Research and application of
BJ/I\E% : ﬁ?}ﬁﬁ%@ \%ﬁmﬁ%/ﬁ*ﬂﬁﬂ iiﬂﬁ'%/}ﬁ MI\-E/%O !E%/Elﬁ% rock creep constitutive model under different dry-wet cycles[ J]. Yan-
LA 0 MR A5 TR 0 W R e Rive, 2023,54(12) 218224
2) WEARAREY] R SILBUKIE N TP P R E R B AR
| LR, , :6-11.
%fﬂ]ﬁ E"Jﬁ}%buﬁ%?f@ *H:Fﬁ%m%ﬁﬁﬂ: E/‘Jﬁ%%o % HU Bin, LI Jianfei, LI Jing, et al. Analysis of long-term slope stabili-
—‘ﬁﬁ ’%VQ%E%?%%@%%?& ’ %%?Llﬁﬂ(}f‘ﬁ ty based on creep characteristics of its weak intercalation[ J]. Mining
BER AT RO R AR B N SRR and Metallurgical Engineering, 2023,43(4) :6-11.
3) BT —Fh % EfL @7J()%jj ]:uﬁnﬁmjj*l%é [10] DELCHIARO M, DELLA SETA M, MARTINO S, et al. The role of
SN I AR RR ST LM B fortem ey facrs n s ek cxep delomin slores
insights from the Zagros Mts. belt (Iran) [ J]. Landslides, 2024,
AT R 45 3 AT 01 3 A A2 BN, B 21(8) :1735-1755.
IR AR A BE M2 SIRER MR — B0, (0 sk, B W 8 R AN (). TR
Bl TR A R BB, 1996, 13T 1) 115,
ZHANG Zhongting, WANG Hong, TAO Zhenyu. Research progress
%%iﬁﬂ(( References) : of creep characteristics of rocks[ J]. Journal of Yangtze River Scien-
D11 T A B IR R tific Research Institute, 1996,?3(51) :1-5.
’ o [12] RER ETFA. PELT 20 44 0 2 5 AR MR R BT 5L
WRERIFELT]. 0710 TR, 2025,45(1) :14-20. HERELT). HoR9CE SERBERYY, 2018,29(3) :104-112.
WANG Zhongyu, JIANG Yongchao, JTA Ruotong, et al. Failure law XIONG Liangxiao, WANG Zihua. Progress in study on rheological
of rock masses in transition from open-pit to underground mining in test and rheological model of rock for nearly 20 years in China[ J].
Yangianshan iron mine [ J]. Mining and Metallurgical Engineering, Journal of Geological Hazards and Environment Preservation, 2018,
2025,45(1) :14-20. 29(3) :104-112.
(2] #kay, 2/ 2= . 222 A B IHEEMREE T A Rl [13] MISHRA B, VERMA P. Uniaxial and triaxial single and multistage
FFIEBFTELT]. T EEE, 2023,32(4) :91-99. creep tests on coal-measure shale rocks[ J]. International Journal of
YAO Qi, LI Xiaoshuang, LI Qihang. Study on the deformation char- Coal Geology, 2015,137.55-65.
acteristics of rock mass under the coupling of variable rainfall infiltra- [14]  XUFIG, B, A28 % HIEE T 55 R E5 H0CA 0 B i AR 35 105
tion-excavation unloading[ J]. China Mining Magazine , 2023,32(4) . AAGRERI[T]. H+ J1%, 2024,45(10) :2937-2948.
91-99. LIU Jiashun, ZHOU Ni, ZUO Jianping, et al. Fractional creep dam-
[3] SRZL ATHe, okl 5. S8R R JF SRS % MY A B RRAE 43 BT I age constitutive model of weakly cemented soft rock under unloading
[T A BRI T]. 576 TR, 2024,44(6) ;23-27. confining pressure[ J]. Rock and Soil Mechanics, 2024,45(10) ;
ZHANG Yishan, HE Xiang, ZHANG Fang, et al. Characteristics a- 2937-2948.
nalysis and prediction of heavy rainfall infiltration after transition from [15] HUANG ], CHEN S H, LIU M L, et al. Physical model test and nu-

open-pit to underground mining[ J]. Mining and Metallurgical Engi-
neering, 2024 ,44(6) .23-27.
[4] LIQH, SONGD Q, YUAN C M, et al. An image recognition method for

merical simulation study of cumulative damage to deep tunnel sur-
rounding rock under cyclic blasting load[ J]. International Journal of

Damage Mechanics, 2023,32(2) :161-184. (#5554 1)



54 [ e 8545 %
Journal of China University of Mining & Technology, 2021,50(2) . als, 2022,32(4) ;:1152-1163.
248-255. [13] WU A X, RUAN Z E, BURGER R, et al. Optimization of floccula-
[8] sk, HAEWE, fedRpk, 55, % FRIR B 1Y 8 40 B A fih 2547 0 BF tion and settling parameters of tailings slurry by response surface
FE[1]. HES M, 2019,28(11) :113-117. methodology[ J]. Minerals Engineering, 2020,156:106488.
ZHANG Youzhi, GAN Deqing, XUE Zhenlin, et al. Thixotropic be- [14] XU IE, T RN, 258, 45, JEF R vk 9 52 A se SRR c He
havior of superfine tailings considering temperature[ J]. China Mining DAk B AR 25 M s Ll [ 1], &2 & MR =, 2021,38(8) .
Magazine, 2019,28(11) :113-117. 2724-2736.
[9] XUEZL, GAND Q, ZHANG Y Z, et al. Rheological behavior of ul- LIU Shulong, WANG Fagang, LI Gongcheng, et al. Optimization of
trafine-tailings cemented paste backfill in high-temperature mining mixture ratio and microstructure influence mechanism of composite
conditions [ J ]. Construction and Building Materials, 2020,253. filling slurry based on response surface method [ J]. Acta Materiae
119212. Compositae Sinica, 2021,38(8) :2724-2736.
(107 XUBHIE 220N, ol B | 25 B 40 B2 R0 0 Jie e A R T 2 I TiE kY [15] ZHU L L, JIN Z H, ZHAO Y, et al. Rheological properties of
AL T]. B 5T %, 2020,40(7) :86-90. cemented coal gangue backfill based on response surface methodolo-
LIU Shulong, LI Gongcheng, SUN Yegeng, et al. Development and gy[ J]. Construction and Building Materials, 2021,306 ;124836.
ratio optimization of ultrafine tailings new cementitious materials[ J]. [16] FTHE, B, 48, 55, LT RSM A9 g 45 3ot A i B [n] U9 KRl
Mining Research and Development, 2020,40(7) ;:86-90. WFMATE[T]. PRI REFAR (H RBP4/ , 2020,51(6) :
(10] BB TG, R, 25 27 4358 40 R i SE VA oM SR L 1595-1605.
W] AA %S TR, 2022,41 (84T 1) :3010-3020. YIN Shenghua, HAO Shuo, ZOU Long, et al. Research on strength
ZHAO Kang, HE Zhiwei, YAN Yajing, et al. Microscopic failure regression and slurry optimization of cemented backfill based on re-
mechanism of fiber reinforced ultra-fine tailings backfill[ J]. Chinese sponse surface method[ J]. Journal of Central South University ( Sci-
Journal of Rock Mechanics and Engineering, 2022,41(S1) :3010- ence and Technology) , 2020,51(6) :1595-1605.
3020.

[12] AR B EZE milie, 55, 1R I I A 0 0] 400 4 R 0 o AL s SIS : Zm4r, WAk, A8 B AV AL % il 4 i 1 ) %o B AR
PERIREMR D). T EAE AR IR, 2022,32(4) 1 1152-1163. BT R [J]. &k AR, 2025,45(6) :47-54.
XIAO Bolin, MIAO Shengjun, GAO Qian, et al. Effect of metallur- WANG Lihong, YAO Yinpei. Optimization analysis and study of factors
gical slag cementitious material on solidification characteristics of ul- influencing the resistance of ultra-fine tailings slurry pipeline transport [ J ].
tra-fine tailings backfill[ J]. The Chinese Journal of Nonferrous Met- Mining and Metallurgical Engineering, 2025,45(6) :47-54.

( L5 46 1)

[16] REAF, BISC,uMETT, %, 2 B ERE 0 i R R PR A A LI Fulin, WANG Meng, ZHANG Min, et al. The influence of dam-
IR TE [J]. A J1% 5 TR %), 2024,43 (10) : 2368- aged and saturated state on the mechanical properties of phyllite by
2380. experiments| J/OL]. Engineering Mechanics, 2025 ;1-12.[ 2025-03-
SONG Zhanping, WANG Bowen, FAN Shengyuan, et al. Nonlinear 04 ] .https ; //Link.cnki.net/urlid/11.2595.03.20250303.1727.032.
creep intrinsic modeling of hard rock considering aging damage[J]. Chi- [21]  FMEh R KRB SC, 55, AL T-HUE M a iy s 559
nese Journal of Rock Mechanics and Engineering, 2024,43(10) ;:2368- YIS TG AR BETURSE [ J/OL]. AR TFE24R | 2025.1-12.[ 2025-
2380. 05-15]. hitps://link.cnki.net/doi/10.15951/.tmgexb.24110922.

(171 XUF, Wi, s, 55, shalm ol 5 50 A S8 e 2 43 9 i SUN Chuandi, SONG Fei, NI Bowen, et al. Study on constitutive
ASAHEIRATE [T ). AR, 2004,53(4) 1 726-736. models of shear strength and shear deformation of saturated weathered
LIU Chun, TIAN Jihui, SUN Haitao, et al. Study on shale creep ex- phyllite and mudstone [ J/OL]. China Civil Engineering Journal,
periment and fractional creep constitutive model after dynamic load 2025, 1-12. [ 2025-05-15 ].. https://link. enki. net/doi/10. 15951/j.
impact[ J ]. Journal of China University of Mining & Technology, tmgexb.24110922.
2024,53(4) : 726-736. [22] WAAF RIS, — BT T LM R B S [ ]
[18] SINGH D, NILANKAR K, SINGH H K, et al. Impact of water satu- + TR, 2014.36(10) : 1846-1854.
ration on physico-mechanical properties of fragile chandpur phyllite YANG Shengqi, XU Peng. A new nonlinear rheological damage mod-
at varying foliation angles[ J]. Geotechnical and Geological Engi- el for rock[ J]. Chinese Journal of Geotechnical Engineering, 2014,
neering, 2024,43(1) ;2. 36(10) - 1846-1854.

[19] LITB, PENG F, CHEN C, et al. Investigating the creep damage
and permeability evolution mechanism of phyllite considering non-
Darcy’s flow[ J]. Rock Mechanics and Rock Engineering, 2024, SIRARST: AT, F B AL. A K4 SR R T d0 e £ A4S 6935 LA
57(10) :8483-8498. AMBERBR[]]. 5% A2, 2025,45(6) :39-46.

[20] ZEA@AK, THE, oML, 25, B0/ AR S X T MUe ) 2 Ve R 5 iR LI Shenggian, LI Qihang. Investigation on damage constitutive model of

Fl e i 58 [ J/OL]. T 1%, 2025.1-12.[ 2025-03-04 ]. ht-
tps ://Link.cnki.net/urlid/11.2595.03.20250303.1727.032.

phyllite under nonlinear step loading[J]. Mining and Metallurgical

Engineering, 2025,45(6) :39-46.



