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Abstract

This Rock and concrete creep, as typical time-dependent mechanical behaviors, play a critical role
in the long-term deformation control and safety of deep underground engineering and civil struc-
tures. With the increasing scale of engineering projects and the growing complexity of service
environments, conventional analysis methods based primarily on short-term strength are no longer
sufficient for long-term safety assessment, and creep effects have become a key issue in engineering
stability analysis. This paper systematically reviews the major research advances in rock and con-
crete creep, with a focus on experimental investigations, numerical simulation approaches, creep
constitutive models, and their engineering applicability. The achievements of uniaxial, triaxial, and
multi-factor coupled creep tests in identifying creep stages, determining long-term strength, and
elucidating damage evolution mechanisms are summarized. Typical numerical methods, including
the finite element method, finite difference method, and discrete element method, as well as repre-
sentative creep models, are comparatively analyzed, and their applicability and limitations in
long-term deformation prediction are evaluated. Furthermore, the potential of creep prediction
under complex conditions based on damage mechanics, micromechanical mechanisms, and ma-
chine-learning approachesis discussed. The review indicates that creep analysis is evolving from
empirical modeling toward multi-scale, multi-field coupling and data-driven frameworks; how-
ever, the interpretability and engineering applicability of existing models still require further
improvement. This work provides a useful reference for long-term stability analysis of rock masses
and structures, as well as for the selection of appropriate creep models in engineering practice.
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Table 1. Comparison of experimental methods and major findings in rock creep studies
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Table 2. Comparison of numerical simulation approaches and constitutive models for rock creep

= 2. AARTRERGASAREIR L

i RMRRRE RS fosh R AR
N T N R T T
ARICECEM) g Yo £ WEREC L BT oo IR g e
[17] X AR AR IR L ;
N~ n2 E ]|
AIGEEEM) o BBt OO e s, s
[18] TR ERR T ,%,r;‘ 2 SR &bl anE
B BYESN. Wi BRI L ‘
ARGEEEM) o e JAtE S swx, BER omBE
o RURER R ;;;mm 1, }iﬂiﬁﬂ% e e
BMOTHEDEM) BRI BRI RELE TR AL giﬁ%ﬁﬂi R
20] ©ORGEEY WE. RN AR e BT 5
ARNEEDM) gy MIVMSIE SOk, & BUMEAIEE 0K
[21] TR A 1L S5 FARMBETR B, AMEREHS M. HIEG%
SHMAFEM) B DA ROPEBE. B HRREEN,  BOSHONRE  MEsRHbR A
7] b 5 S R B e W, PR

FETRESEE T, BUERI OO T A R KR E MR B R TR R R A A MR 5N R TT
A BRZE 7 TH SRR, ) DUBOY B B 1 R 5. BETE [ A 35 e ST 484 1 B AR TR A it
R, 4B N B AR A RARIN FPARAE, s Bt 5 IRBCF ar I R 2 RARYE . (HAR R M
i, DR R 2 AR IR W R BRI 2 b, S TTREPA B NG iR R e L
BREIR A ARSI, R AR TR EmiRFET, 0B ReRERPRE Y K3k
i A2 S R DLIE R A% SR S PERESEAE R 1038 s TOAE g N3RS, AR e e PR e fb . AR
ORI A S AT O W A I B RIS VG ], S BRI T AR A B S B SR AR

BEE TR H R, M a BUa U RO S AR AT U EZR R T M. # - T K -
TR - IR ARSI, S EE I — SRR L REWS i . iB TR AL S 4R T 55 PR 3R 0T
WHAAT IR . ST, AERRI AU, A FEYDER 2 (8RR A L RS B 78 AR, RS HUE
RN RO RNATIAF AL BRI E I, SRR — € AR BRI 7R ) TRE R St BMORE, AR
AR B AU IE Hy B — R AN B RURE ) A ) 2 AT R . 2 USRS & DL B T R R e, BT A AR AIE T
BRI (R I S A B B S TR T P, 795 2 i oo 7 SRR P S B ) R

DOI: 10.12677/hjce.2026.152032 131 T AT


https://doi.org/10.12677/hjce.2026.152032

IR, 2R3

3.2. IRTEBR LS TRERMETN

BRSO AL BUE TS TARN FH OGBS K A T T
SER R TR VG SErE . BT S A MBS R 2, ARSEBIGEAHEMER R, &
Hbay BRI 3 FH U PR 45 T P70 S 25 22 5o DRIk, MR I D o BT R A A R R AT R 4 EL B S5 0PN
XoF T Fi T AR AL BORH B2 7+ T AT 15 B B A H B [23]

MR BE, A A ERKER 5 NG REA . o i iy | B A A L S T
THOVLHLHI R RSS2 86 AUREAY ) Burgers A5 . Kelvin %A1 Nishihara B8, 3l 50 sk o1
RO ZIBVE SO AL G, RS A ER S B E R BB AR DGR AT . X R BRI I . S5
R, 5l = RIS IR T O, 75 TR S B AT T4 e, BRI A V2 B R
R S AR TAR AR T 0T . SR, LA kARG R Ak, e DA ASTHI BB N R AR . 24
INER e 2 (R RSO ARAT A RIS, 4R Sl TE IR AR B, A e DAV 1 21 1 A T AR AR

o IR VR AU AE 22 SR IO (Al b 5N IRV N OB e e, SRR B8 R R 18 7 i K 5
FERG A TR E AR TR . X R IR G B ARSI AW B T BA — %, SHEARTE Pk
17K B AR T A B & o SR, X I T AR B B R R AT R B R R B A 22 56 S 0
AT, BUEARFEE VR TR B A R, TR TN 45 SR A 2 M SR AE

ITAER, 25 REAR T 5 Ak () A S L S RO T 8 A o SRR R 5| N B AR i, RS AR
¥ K A H S N AT RN AR R R, BR85S W s AR S8 R B I (BB JE R PR AE, T
FLAERG IR 458 S I AR B B TR B B AR 3 . A TAREE I PE AR, 477 JL 0k AR A5 28 B 5
TR T TRE S kb S PR ot K RS e M SR 1) LRGSR 4 AT [24]-[26]. SR, FAFAYTE AR
MEI SHHERZ, SHAIHEE 56 B S 50br @ A B R R, AR LR HET AT I T A3 R
SN 2 TSR 1) R

FE T AOUUATL ) P 05 AR AR ) A0 RS HE R, B BOGIE . MR ER R B2 RE %, 7R
R R AR . S0 A SR AR S AR 2 IR AR AT AR . X R/ BRI b B B A P E AR
BEfe /1, TIONZE OR AR R B odE P B AR, (LRI R R A PR AR S, HETEENHT
HUERA FE A4 2 004 M, e B T KRB AR I M5

R TR TR, 5 G AR R 7RI A i 2 B B 2 R MR E . 2R 6 TR RN 28 550 A P AR A [
Fow . tHERE, &G M TR I TR RIVID o i K AR T R S T s 453 (3 S AR R AE w3 )
e RS AR P A o i B PR, T AR BRRZS 23 B R 22 4 PPl SR A BE TSR s T AOM AL A 4SS 28 )
BARSS T A IRACRRE AL, NEENLGE— 1) 20 X5 0% A8 1 A 4 25 5 S

SRS, BT MAELE — PR TE BT A2 5 1F T (R I SHe RS P2 2803 e FH A 1 o I AR A 2
AR T RLLE S I 5 BB AR 45 A 2Rt b, kDR S BR3P i A ] R
PEs R, @2 ARE A2 RS, ERE TRETTESCRIATIR T, AW TGS 2 24 T
BUIDE R RE ST, A A AR A S 22 A AT SR AL 5 0 vl 52 i B0 SO .

4. IRFIERBTRTTR R

TR I AR A Sy — Fo L 2 (T (B AR D122 AT O, SS9 A B IR AR e A
HABEEW, {EREEEN. &EERAKIAR TP IR . KHILIK, TR EE 05 A8 o 3= 22
i AC1209. CEB-FIP Fll GL2000 54830 sl A In i A, 12 R AR T R E iR IR R S ik B & S, 78
W TREFM TEA — &AM, A, UTREXMFEZREME . ARV B A R,
i GRS B TE TS 52 RYZ Ak B 70 77 THI SR 2 i HH = B2 [271-[29]

DOI: 10.12677/hjce.2026.152032 132 T AT


https://doi.org/10.12677/hjce.2026.152032

WIER, 2R

Bt TR e A RMAR R KA R R DL TRE T LR R FE LR T, 400 24 2 Ol A4 il S A E &
EES B FRI AT BT SRR R R AT AR E R . LT RR, HLas2 ) B i sk
PEIREN AR LN RS, BOZ LTI NTREE T IG AR BT TC . AR USRI, HLE 22 ST B BE s i i
DY R, ARG AT SRR ISR AT AT R 2 (B R 2R G R, AEA
[ G 7 LA AR AS A5 T Fre B A vy F) TOLMAS P 5 A s 1k

FENLES S ST R, R AR R A R IO L RE A R BEIA 5 22— S A S HIE IS h i B R Tk
SE TR AR LR AE S HEAIRE . T TR R KM L AOREE BRI I . )
KOV PR L S IR L SR SR NS, (B R AET I A2 T R U E A B 2 57 RS
LG % 5 45 A OCE B 3R e R RS B, I8 REME IR/ TU AR A5 B SR A G KU . 80 BT Tl i
AL EANE M« AHORNE 7 W BRERSET735, IU0)0) i AR i SRS 2 AF T A R B S 4, T AE DRALE TS 2
ORI 3R TR i) A PR S TR S A .

FERARGIEN T, N T SCRpFENL. BEYLARM LA XGBoost %77k C ) 2 i TR
LA TG 7. Forb, N LA R4 A R0 (AR 2R PRI BE 77, 6 055 A2 TN 5T ML Y A ke ok
REORTIHRG B2 T A BT . BEHLARMRAT XGBoost 2548 2 ~] J7ikild 2 AR, A e &
T TGS R SRS AR T, 1R 2R AN Rk T AR TR I AR LR A TR (AR 3). A
M, XFBRRL R T “ B, SR AE Rl DU o0 SRR Y B A, PRI T e TR it
AR i1 5 v PRy ik — 2 R A

Table 3. Comparison of machine learning applications in concrete creep prediction

= 3. HBRF AR BT RE TN B 89~ A Xt

WLas 2 2 Tk MASH Bt S AR FERI TIASEE(R?)
ANN, SVM,  7KIKEE. 7KK, HRRE Plas s IR T G 45

RE0]  fh. Idcim. sipppe O EBOE AR, ANN ZILELE >0.90
ANN,GBDT, FAHZH. BHEME. M o e 51 I R TR
XGBoost[31] AP WEEES T VOO g xGBoow srAERENSE T 0
B2 51 773k A S FERH Bk RE(R?)

BRI R 2 ST R BE AT S R e AN R 0 TR, I A SR B A B 22 WY 2% (Physics-Informed Neural Net-
works, PINN)IZ#I 52 F)901E o %7 0@ K G A AR R R L P 7 R B L R A S AN R ek B, fiAsE
RUAE HH H0 G 00 [R5 J2 FE A A, AT FE — 08 R FE b o IR A0 DX BN A% 20 sl = ) 10 24 o (1 SR o
X TR e LU AR 1), PINN W]d e 5] A\ 48 B AR A AT NN AR - BT I 5, o) i 448 [0 5% T 245 SR
BEATYIERLHR, AMUH B TR NFEA S T2 AR T, AR A B Tl &5 SR 1t 1 ) 54K
oo XFR CHARIRSN - LR MGG R ERBUERE, SANLES 25 5] AT AR S o ) AR A S Bt
TR T I

SRS, W5 07 R IR S L IR A TR A T —Fhog 28 A AT B, (R ] S AT T 1
Jo e R P DL A BRI BRI RGN o ARSI I Sk — P IR AR TR 5 77 L3 [A) () SR T Ay
Mr, HENYIRL) ANLAS = ST AE 5L TAR R SRR S5 R, AT SEILFIRS B2 . ml ket 5 T2 IS A
PER R RS2 TT o

5. &t
KRR GE A SIRERLIEZ 8, MSZIGHETT. BUEARTL k. IR ASAE Y S Te R B B0 3K Bl vk

DOI: 10.12677/hjce.2026.152032 133 T AT


https://doi.org/10.12677/hjce.2026.152032

IR, 2R3

SEJTI, N A M TERCR AT T R GGRR SR a T, BRI

(1) & A i AR SEBHIE 78 EL R B A R IRHESE, Bl 5 = i A IR 4 7R 1 I A 1l 2 A B Bk
L S A BE A A s 2 DR AR A U A OO ISR R A Jie s A2 AR T 5 SO 4 75 A6 2 TR )
PN L IR 89 21 S D9 I A B RE, (E 6 e AT RUBE OB AT BR 1) 17 R R (T RE S RE

(2) BAERBANTT IR A A2 AT P R AR E AR BT IRTCAN BRZ 73 TR IR E S i A 7
EE TRERERYAE 28, 1 EOTM 2 REZ AR R REGE ARy R A A% . A
[FIBUE VAR RRCR . M BRA AN TR G R 5 T % BT, 7 BEAR A LA R il R B

(3) AR ARG AE TR v S B A 1) S PR AR AIE o 2230 RURN R S B M B R 5 Tl i . 2805
5, EEFHM IR BUGERRAE & N A XS TR RS, (HHESHbr e Mt 58 2tk
M2 Z ;s T ROUAL R AR 3 B AR 55 T B WF FE AR R g

(4) FEIREELARAHT T, HLES S ) T TR BEAN AR ek i 7 TR B B2 L3, e G inti
RASEME T REANTE o (L TRERN FAT T Wi A AR AL« A 2R W] AR AT BRAT S MHERE 14T 15 S8 TR 55 [ i

£k LBk R A FUIE th B AR AN B A 2 R 23R & KR RETT FUR R . ARRBIE TR AN
SRSEIGHIE A R 5, HESh Y BN S B I 7 iR IR R, FFE DRI TR RGN ATI T HR THAE
R TREE P PE AT SE I, AT A A 50 TR AR ) 22 43 AT SR BN e S A BRI S

SE 3k
(11 5KMIZR, ZeK0, 5kt 25 BCRIRA M R TRENAD. A4 1% 5 TR, 2004(10): 1635-1639.

(2]  EORBL, i, Xirqg, 55 A AR AR S RUE P AT (0], AR F15E S TRESAAR, 2004(10): 1640-
1642.

[3] MV, RO BB AT RAE S ik R SCIP PR AT 73 [D]: [ L2 Arie 3], st P EF LR, 2009.
[4] E\RZE, HEM, XN, & REESRHERET RSB TI]. B0 7155 TRR2ER, 2006(6): 1204-1209.
(5] iR¥E, bR, R, & BUNEGRE N IREE LIRS PR EBUE )], AR R4, 2007(1): 28-33.
[6] Gao,P., Ye, G., Huang, H., Qian, Z., Schlangen, E., Wei, J., et al. (2022) Incorporating Elastic and Creep Deformations

in Modelling the Three-Dimensional Autogenous Shrinkage of Cement Paste. Cement and Concrete Research, 160,
Article ID: 106907. https://doi.org/10.1016/j.cemconres.2022.106907

[7]  Fhte. WREE GRG0 H R[], 762 @R K222k, 1995(3): 299-303.
[8] FME. HAWA S L TREN AR TERB). AR %5 TSR, 2007(6): 1081-1106.

[91 BE=z, XNAHRFE, WA, 55 DDA SR 406 MBI, R 5 2% TSR, 2013, 30(5): 744-
747.

[10] BT, WUE, &M, & WEEE K8 =R AR50 AT, AA 155 TR 2R, 2009,
28(9): 1735-1744.

[11] AR, R, 225522 — s A iR PR AT S ANGE AR SEIS TR R[], S5 5908, 1987(S1):
142-146.

[12] B3, 2ofbs sl n e B AR RGBT 2 [D]: (24408 30, $EM: RABEE TR, 2016.
[13] EEE. BE%E S AR RAMALE CT SERHRIE[I]. KR %3, 2002(1): 10-15.

[14] Li, Q. Li, W., Pan, C., Xu, M., Gu, S., Zhang, S., et al. (2025) Influence of CFRP Jackets Stiffness on the Performance
of Coal Cylinders: 3D PFC- FLAC Coupled Numerical Investigation. Construction and Building Materials, 481, Article
ID: 141538. https://doi.org/10.1016/j.conbuildmat.2025.141538

[15] W HER. PREEISHEE B AR T T A 20 Bl B i (B v AT 2 [D]: (B2 A0t 30]. A0 RRUEIR %, 2017.
[16] FREY. PRIV IIIEA BE I BNLTEBEES IE AR AT [D]: (AL A08 3], SRR ZRUERSTK A, 2016.

[17] FEBA 6. FRAR IR AR B - A A EAE F OC R AE[D): [ L2471 30]. dbnt: Jbaisdi@R e, 2018.

[18] & E. EIREAEH TR A M E d i b A e MR 7R [D]: [ L2 Aie 3], KR KRJEFT K2, 2010.

[19] BRAK, KBEHE, EEF. WK DO R ER TR E R E T[], 4 L TR, 2007(6): 795-799.

DOI: 10.12677/hjce.2026.152032 134 T AT


https://doi.org/10.12677/hjce.2026.152032
https://doi.org/10.1016/j.cemconres.2022.106907
https://doi.org/10.1016/j.conbuildmat.2025.141538

WIER, 2R

[20]

[21]

[22]

[23]
[24]

[25]
[26]

[27]
[28]
[29]

[30]

[31]

bk, sk, BEF. TEAE MG REERT AR ]. A i, 2004(8): 1225-1228.

Diaz Flores, R., Hellmich, C. and Pichler, B. (2025) Nonlinear Creep of Concrete: Stress-Activated Stick-Slip Transition
of Viscous Interfaces and Microcracking-Induced Damage. Cement and Concrete Research, 191, Article ID: 107809.
https://doi.org/10.1016/j.cemconres.2025.107809

FERw, RN, ZES, & RBUREHR AR S 2B EEH FIA AR N ET). AA %S TRER,
2007(S2): 3932-3938.

PG, R ECEELAE RN SRR A R FEE AW AU (D]: (R Ag ). Kb R K2, 2008,
EFM, AW, ZEE, . SRE A TR RIS REMENAD]. 50 055 TSR, 2008(10):
2153-2159.

MR, ZiE5, LR, SACKRE THCE AR RIVA I A )], A 715, 2018, 39(S1): 167-174.

Mrae, xIgde, EHM, % REERE RN RS TACILTE M A EA SR 7L (0], &0 J1% 5 TR AR, 2015,
34(6): 1228-1235.

TR, SN TR S IEAR R B 0 T AR AL AR S ST AR VR[], RS ISR, 2022, 43(4): 228-238.
EWE, Sl KR, 55 T HRUNE M2 R &L i Rkl [0]. tHENLRFE, 2019, 46(S2): 584-589.
BB, MG, WK, & TR ST H FRP 0BRSS H R HTS A WIS L[] TR J1%, 2022, 39(8):
245-256.

Albert, C., Isgor, O.B. and Angst, U. (2022) Exploring Machine Learning to Predict the Pore Solution Composition of
Hardened Cementitious Systems. Cement and Concrete Research, 162, Article ID: 107001.
https://doi.org/10.1016/j.cemconres.2022.107001

Liang, M., Chang, Z., Wan, Z., Gan, Y., Schlangen, E. and Savija, B. (2022) Interpretable Ensemble-Machine-Learning
Models for Predicting Creep Behavior of Concrete. Cement and Concrete Composites, 125, Article ID: 104295.
https://doi.org/10.1016/j.cemconcomp.2021.104295

DOI: 10.12677/hjce.2026.152032 135 T AT


https://doi.org/10.12677/hjce.2026.152032
https://doi.org/10.1016/j.cemconres.2025.107809
https://doi.org/10.1016/j.cemconres.2022.107001
https://doi.org/10.1016/j.cemconcomp.2021.104295

	岩石与混凝土蠕变行为研究进展：实验方法、数值模拟与工程适用性综述
	摘  要
	关键词
	Research Progress on Creep Behavior of Rocks and Concrete: Experimental Methods, Numerical Simulation, and Engineering Applicability
	Abstract
	Keywords
	1. 引言
	2. 岩石蠕变实验研究进展
	3. 岩石蠕变数值模拟研究
	3.1. 岩石蠕变数值模拟研究现状
	3.2. 蠕变模型对比与工程适用性评价

	4. 机器学习在混凝土蠕变预测中的应用
	5. 结论
	参考文献

