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Study on the influence of roadway surrounding rock deformation characteristics during unloading
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Abstract ; With the increasing geostress level faced by rock roadway (tunnel) engineering, the stability and maintenance of roadway are
becoming a bigger challenge, and higher requirements are put forward for the understanding of unloading deformation characteristics of
surrounding rock. It is necessary to master the deformation and failure mechanism of rock and surrounding rock under roadway
(tunnel) excavation and unloading conditions. In view of this, based on the triaxial test system, polymethyl methacrylate is taken as a
specimen to simulate the elastic stage of natural rock mass under secondary stress state, and explore the influence of roadway
surrounding rock unloading in the elastic stage on the secondary stress state. The deformation of the specimen is solved by using the
elastic deformation theory of natural rock mass under the condition of excavation and unloading, and compared with the test results. The
results show that only elastic deformation occurs to the specimen during the test, and the deformation in the middle part is greater than
that in the end; the larger the deformation of the surrounding rock near the tunnel wall, the less the deformation of the outer side of the
specimen is than that of the inner side; the theoretical deformation value matches well with the experimental deformation value.
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R B F I TFEE L L B ) 9 3 S R
S s Zet (2] <4 ST il ; ‘75 AN £

BT TR R - TRy ) R TRIRA S S Ty Vb

. B SES)  I A BT AE T VR B O

AT, S0 5 TR 2, T B B " ! THTOE T T
TR TR, BRI R R s A TSIV RIS IRIOIREREC, SRS 1 RSRRR IR T

RIS AR R WF A 2 S ECLRRE W
FEFHZ —, KTRRIE FAIHZ R S 2 5
TR Z —

X Rl o T2 s B TR, AR 2o T T —
HI BT, 2RSS 36T Hamilton B (25 4357
H SR Duhamel BRURSR A T B T 42 E0 04 1 A
fift ,IFOTFE T T2 )5 BN R SR . ST

[TEHEMRA] ZZRB% (1988 — ), 5, DU, &R A R0 H A, TR
Ui, 2 it T T4

[HEWH] BEEARBEEEE I H (71573274)

(SR ] ZER s, ittt IF 5K AR A 1 AR T R 4 52 i
(1], REA L TR ,2021,50(6) :64 - 68.

51 B LA TF SRR S e K 2R AR ARG
XHEREEE R A 3R B A B2 IR, AL S. Elkadi 451 XA
7] A% b AL T R R A 73, A 50 328 B A RS X
BUREA B35 12, A4 ki B B 1R RUSF e 38 K
kN, H. Lee %51 il 13— R 51 S RER AR I S T
Ve A AE FE 0 T 25 6] (4 J i 1, B9 1 02 ) i A 6 ik
FERJFZME . M. 1. Alsayed 2L o b R R AT R
b OBUh =R 2 0 R 4, A5 SR R I ) B AR
XA SR A B 2,V Labiouse %517 7% 5l
T T AT B R 2 0 [ A A A 4L B 1 1) 42, 25
SRR IR ARG T )2 181 9 7 1) BT 250 [ A AR 1Y
AT kR AR S A S A R AT IR B [ £
Z2 Bl 7 AR AU T BRE TF A, RHARE N RE AP eE



5 6 1]

B K55 AR Bl A A A R PR A S Wi D 5 - 65 -

FIERER 7 1] St Jinfar 28, Fx P BE RS MEEIEA TR
AF 5T 25 SR 3 06 Hh R B A 2R ) R A IR

R, 55 F =00 R 48 (LDCTTS) & 57 Fil %
FHZEIRA LRSS R S0, 3L T4 ML s PR A 1
AU B/ NS LA U A SR B B A 2R AT
ZEf A RS, RIS T I HR A T RS
WREAPEAS T RRAE B A TR () i A7 i, T
SRS R T L, S0 T AR 96 2R S5 A
EIVEIERR
2 IR S A
2.1 RAWiEE

AR 30 3 45 S 9 GDS 24 Al Y =il
RIERG ., Z AR R G175 2 =,
PATIRTS WRAR I A5 2 A )2, % = A
ARG K a gL EE 1k 3 500 kN, e KR 150
MPa, HA 7 B 5 il AN g ) o A28 07 XL %
RIS RGO A I R, v] AL
AR TR E AT AR
2.2 AHHERNTRGE

A LIS —Fh B R 552 M 1 s 8 b
B, 7 B fr T 1 1 AT 5 R ARA TR R
10 R AR S A AL B B R R AR iR
PEA WL IS N T80 30 em (42 0.1 m AM2 0.2 m
IR DABEROL PRl i, K i A8 R I e I B
J5 AR TE FLA A s N PR K
PR A N AR Fr, BARINE 1 BTR

0|22
u|EE;
0|42

1 AR ERGE
2.3 ikEEnE
AR SC HAE SR B BE Y XA HLBE B R A T
HIEGAE, K RS B 11N 30 MPa, &l 2 fif
NI E SR K POl AN PN (P,
HE LR HARL IRy

(1) XA AL 36 3 32 it o 40 s e 7 g, B ] o
0 55| C AR (BB B = A5 1) b S EAHAE) |
RYGHIREE ) U b R 7oA 30 MPa,, SE5 SR R )
FEAE Az Jr =X, A 8 Mo AR Sy W Jr =, sk
B 778 KT BOR R 0 B R, 1N Py i E) 2
MPa( Bl 0 s3] A fFgAR) o S AL B 45 8
ZANDY ) S N ##) 30 MPa, P, = P, = P, =30
MPa, fill 283k B v R 5 6 5 i 28 3 Sk 0. 05 mm/
min( EH B f1E] C kAR .

(2) 4 P, =P, =P, =30 MPa (IR 5 min,

(3) 4kEef54% P, = P, =30 MPa, 2% I 7 #5161
752, BN E P, LA 0. 25 MPa/s B3R 125 2 0 MPa
(Eh ¢ 53 D gz,

B2 XEmEsEe

3 RIRE PRI 1) M1 ] A2 R A

ARSI HIAT LB B AL AR PR — U TR
AFPERTBL, T8 3 Brzs i 2 -5 I 500 1) A2 B
ARAE R, PEFE 2 5 i 1 J TR AL Tl v ] £
B i DO H L JCRE M | S50 T 3RAT (4 45 2R T A
BIbR, AR TR AR S R T A LB I
PEOI AR AR A B TR 0 1~ 5 BirBe, 56 1 By
Br(A Bo) Aymaiad #, Zad 2 b, I U 1) A %
MBI R, MR —EH)5 , BEE 2 BrBo(B B) ,i%
B B FIORIFRE AR, ARSAUUT 42 Hir i A 4 i 1o 7
BrBe, PRI — Bl g, 2 b Be, RIS 3 B
Br(CBt) . Phfs—Bemt i) gyt 2, RIS 4 BB
(D Bt) o XAPLBCIK AR AT I, RIS 5 By
B (E B) . KRl LAE 50 5 B Bedese Jim i bl 1al
TR AN 2 B Bl U 1) AR (AR 45 SRR T 180
AP 2IRE IR AIE i — 20 WA
R rb W S A 1o 3 AR TR AT DAY HLB R
T A R ) TR

N T AEHURR E T2 S A R &



. 66 - HmEY ILTE

2021 4E (45 50 %)

6000

. A J.e B Ci D, E
4000F ”
2 000 /m
7, 0 N “I
g ~2000} s
= 4000 .
= ¢ \
O000F 2y ' ;
—8000F  ——2=-HMill \ i
~10000F : '
_ | I | il |
12000, 200 400 600 800 1000
bl
B3 2 Sl&)ERET Iy & E

I FR I K IR A ASIE B 3 R TR 1 A 55 2
3.4 BB, KA 2 RN 3 B ) N AR 2S5 2 B Bt
P RA , BIAR ) T K AR AR R R 32 138 T 20 U]
[ AR (565 2 [ B 1l I A8 SR A R AR )

Bl 4 i At S R T 4 A5 P
) 16) 07 A5 it PN R A0 R 22 (B AR Al 26, DA FRaT L
B IR 4 I A5 P e N AR B N AR 25 A
RERMERR UL PR A AR o R A T
YA, 245 3 Sl A AT IR AR A A5, 20 1
S AR Y 1.3 45, 20 4 50 5 AR TR 6 2
5 T D0, e I A5 A 7 728 S A T i S A ) A A
77 33X Je PR SRy o s 7 B AR A S A BIR o T AR T
V)7 8 110 2 AR A T R B0 5 S B

251
20F
2
£ 15-
'QF@
o 10F —=— 15l
- ——25 Al
5 ——=35 A
—— 45N
0 2000 § 000 12000 16000
gl
B4 FENKAUY)ELEREREMNEZERN
A

K5 i 7s 9 1.2.3 50 il 24 10 728 1 722 A
2, NEHRE W, EEad e, 1 5 MR 3 5
00 5 PR A0t ) RO AL I AR N, 35 I
PR 1] JO7 2 I — A2 IR A, HL S GRS B A
AR R BE R A A B TRE, 15 H
W2 AU 3 5 M2 A 8 B A2 RS TR
AR SR M O T N A (T B AR U
RSB RAS . 4 5 G I P Ak S IR A, AR
T IR AR

2500

—=— 15 A
2000 - —e— 125Nl J\,/VMWMM/V\/\/
1500} —‘—225#02%
——25 A TG
1000 | — 3Pyl < HIRL A
. 3 Al
Eﬁ soo 3N
‘:"R /)
B 0
= -
-500
~R I\“H-*-—-H
-1500} m
-2000 ! i . ! . ‘
0 50 100 150 200 250 300 350

i /s
BS5 1~3Sil=mheE R L sk
1~ 4 500 e 8 047 i 7 78 A S0 280 AR o ) A
TEZniE 6 s, MEH AT LIE i Eaad 2 4,
JIr A A5 68 A ETD ) 187 249 5 A (A2 RS
HL GRS i LI R R A R, B )
BT RRATRAL TARERZS . A D ) S MO B 2% f
B/ INTFH LA PSS, 332 PR A 1 2K
I H A AR 1 AR | AR BB P ] B o i 46
Ko Bl 6 LR T 5 3 [FFE RIS . 3 I o 1)
AT R T BRI AT

2000
0 — {HIEREE A
~2000 ]
-4 000 —————e—
i
—] [ V—v—v—v—v—vVv
= 6 000
= _ >
= 8 000
—10 000
L\Hﬂ*ﬂ
—12 000
““N—L—.‘._H
~14000F —e— 424}l R
_16 000 | 1 | | | |
0 50 100 150 200 250 300 350

T
Be6 1~4S=mmMyma sk

4 FHZEEEGEAE T R AR PR P
FRE BB T E
4.1 BitAXES
TR AE NG T SR SR X S BE [
T AT, B AZ AT (1) 454
a’b’(P,-P)) 1

1
o= [(L+0) ™0 2000 L (1 -0)
azPl—bZP2
b -ad’ ]
1 a’b’ (P, -P)) 1
89=E[(1+v)#r—2+(1—v)



P

55 6 1 K IE5 AR A R A T A 1 S AT AT . 67 -
a’P, - b ] () 25¢
b -’
FRHE AR SCIIRIR 2 , o1 T 00 7 3 (77 AE 0 T
BIRBIF IR P, = P, A AFIR (1) 1174 g 150
2 2 Qf’ 3
%=8m=%[(1—v)%] (2) élo E%E;E%
B (1) W22 (2) , AT 754 R 5L BE [ S HF 42 : Rl
Mﬁj\j 9a 0 4600 8600 12 600 16 600 20 600
Ae =¢ —S,OZL[(1+D)ML P
T E v-a 7 7 2 S ETMYIE TR E RIS E X b g
Aey=e, — ey =L [ 1+ U)azlf(sz —P) £1 2 SWAYENELLSARE
E b’ -a SME OWIE D e ST S
Lz (3) Py/ P/ ;AR WE Jes j\//*i\
r MPa MPa Lo (R i (0 (N = 70 [ A . 4
Arf.a WA, 30 30 0 0 0 0
b—&l‘ﬁ%, 30 29 -747 -199 -246 -72
E_gé,r%ﬁ%%’ 30 28 —1495 597 -492 —-422
v ]EM;/A [:[:, 30 27 -2242 -1068 -737 -528
; lﬁjﬁéﬂﬂﬁl\’fé, 30 26 -2989 -1578 -983 - 806
Po—ﬂ‘}%; 30 25 -31736 -2111 -1229 -1036
Pl—lj\]}jE; 30 24 -4 484 -2656 -1475 -1275
30 23 -5231 -3207 -1721 -1360
Pz—%ﬂﬂ}%o v 30 22 -5978 -3752 -1967 —1688
LR 3 S AT B A D R 5 R A48 )
30 21 -6726 -4 298 -2212 —-1983
R AR RN AR | U] e) AR SRy e N AR | HH A AR SR, 20 0 4 _asSs 2458 2930
Vi A BRI 5 7E s RS T 24000 ) RECh 1 R 20 " 890 5418 2704 2250
%ﬁﬁl%1$$ﬂﬁ?#z:ﬁo 30 18 -8968 -5970 -2950 -2692
2R 2 1 Al AR 2 g R, Y] ) 20 . 9715 653 -3196  -2957
PASAE T2 HARAS A0 (3) AT, e o A2 Ak 20 PP P P
*H%,m%ﬂlii@‘%iﬁ%\éé%giio Z'K%‘g/ﬂ\iﬂi[ﬁ%ﬂ: 30 14 —11957 —-8221 —-3933 —-3585
R AU 1) AR I (E R T S B (A AT 30 13 —12704 -8788  -4179  -4153
B e S RO AR 1 (AN R Py =30 30 12 13451  -9363 4425  —4215
MPa BN 3K (3) W P,, WIE P, I\ 30 MPa JT 1A 30 11 -14199  -9931  -4671  -4611
). ¥#a=0.1m.r=b6=0.2m .E=2712 MPa,v = 30 10 —14946 —10492 -4916  -4742
0. 36 47 A (3) A1 4o 7 AR ] B 208 2 9 009 15693 11062 -5162 4897
ﬁ]mﬁjﬁﬁo 30 8 -16 441 -11630 -5408 -5184
4.2 HRBESESETLE 30 7 -17188 -12202 -5654  -5505
2 AL TR A S 0, A F L e
FEFH 2 SR TR T, 1 ihT 2 5 0SS 1260 -6l 50
5 0 7 6 25 4 R R 1 Voot o i edh e
Vel 7 3 g 2 500 00 15 i 25 A S P 0 (4 Vo2 TR e eel s mede
AL, 4% T B4 AR S5 S, 1 002 m0% mlEE 08 o070l
30 1 -21671 -15 385 -7128 -6941

ATRLE 2 5 I s P D) 1) 7 A B4 Bt P T (R




. 68 - HmEY ILTE

2021 4E (45 50 %)

HEORMTZANESE R, HIAL T 52 R3S, PRI k1S
FA AT i) AR 4R TSN D) A%, A
M) 1 o A B (L HE MO B 1) Rz A 6 {E K 24
3% ISR K TSR, FIRGRIRLFHIE
IR 7 1 IR

5 258

ARSCHET =it R 40, A PSR IR
R RN PIRES R SRPERT B, [R]IE R T IF 2 1 2
AT RIRE RS RRAE BRI SR A A LB B 1k
PEERIOIETE -5 I S AT R T, 751D
it

(1) 1 e v, A7 LB 1 D) 1o 17 22 it
HNEZE RIS R, YW Rk T iR e
1 G R R [ A 0 N B DA e 2

(2) i A v P AT 1 0 R KT A
DI AR A AR I I A ST B o 2/ N TR A

(3) BT s M RS T 44 e J5 R (B i e BT A, oK
%Al B T2 5 R R

[ &% 30Hk)

(1] ZERME, $RE0E, sksdm, % BRI E T2 sl
BRWEICEAT]. A h5a 5 TR, 2009,
28(10) :2104 -2112.

(2] J™M§, rFiscise, BRI, 55 BEIR T2 R4 4R N
SISE BN [J]. &L TR, 2009, 31
(12):1888 - 1894.

(3] ak3czs, pocil, e, GEIRRIF T #2151 R Y
AR E LA R [ 1], A= J1%%, 2013, 34
(9) :2690 -2698.

[4] ELILADI A S, VANMIER J G M. Experimental

investigation of size effect in concrete fracture under

multiaxial compression [ J ]. International Journal of

(5]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

Fracture, 2006, 140(1/4) .55 -71.

LEE D H, JUANG C H, LIN H M, et al. Mechanical
behavior of Tien-Liao mudstone in hollow cylinder tests
[J]. Canadian Geotechnical Journal, 2002, 39 (3):
744 -756.
ALSAYED M 1. Utilising the Hoek triaxial cell for
of hollow cylinders [ J ].
International Journal of Rock Mechanics and Mining
Sciences and Geomechanics Abstracts, 2002, 39 (3) .
355 - 366.

LABIOUSE V, VIETOR T. Laboratory and in situ

simulation tests of the excavation damaged zone around

multiaxial testing rock

galleries in Opalinus clay[ J]. Rock Mechanics and Rock
Engineering, 2014, 47(1) ;57 -170.
LABIOUSE V, SAUTHIER C, YOU S. Hollow cylinder
simulation experiments of galleries in boom clay formation
[J]. Rock Mechanics and Rock Engineering, 2014, 47
(1):53 -55.
SIE A, XILLEG, BUKAR, 4. A0 JRERE B ) = 1] I
45 N AT S A AR IR [ 1], d st R
274, 2011, 33(7) ;800 - 805.
SRR 4. A REBE [ A7 vy s ) PR B SRR AR G
JIEE T RFEL D] BRI R E LKA ,2010.
VRSV, EEE. b )R A A B9 =R g ot
5[1]. HA IS T RS, 2006, 25(8);: 1537 -
1543.
ROSSMAMTH H P,DAEHNKE A,KNASMILLNER R E
K,et al. Fracture mechanics applications to drilling and
blasting[ J].
and Structures,1997,20(11) :1617 — 1636.
PRARr, XUAE . BB s (M. dE st i e
Rep L, 1995,

Fatigue and Fracture Engineering Materials



