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Study on Mechanical Tests of Mudstone of Badong Formation for

Zhengzhou-Wanzhou Railway
WANG Guojun' ZHU Xiaobing' LIU Baolin' ZHAO Dongping”® JI Qihang’
(1. CREEC ( Chonggqing ) Survey , Design and Research Co., Ltd., Chongqing 400023, China;
2. Key Laboratory of Transportation Tunnel Engineering , Ministry of Education , Southwest Jiaotong University ,
Chengdu 610031, China;
3. Southwest Jiaotong University , Chengdu 610031, China )
Abstract: In order to obtain the physical and mechanical parameters of the surrounding rock mass in the tunnel, we carried
out the uniaxial and triaxial compression tests of mudstone of Badong Formation in the oven-dried state and water saturated
state. The results show that: ( 1) Under the uniaxial test conditions, the uniaxial compressive strength and elastic modulus
of mudstone of Badong Formation are 39. 74 MPa and 8. 84 GPa respectively in the oven-dried state, and 29. 41 MPa and
7. 23 GPa respectively in the water saturated state. (2) Under the triaxial test conditions, the internal friction angle and
cohesion of mudstone of Badong Formation are 53. 91° and 7. 35 MPa respectively in the oven-dried state, and 48. 85°
and 6. 61 MPa respectively in the water saturated state. ( 3) With the increase of confining pressure, the elastic modulus of
mudstone of Badong Formation gradually increases, and the weakening effect of water on the elastic modulus of mudstone of
Badong Formation is more obvious. According to the conditions revealed by the tunnel face on site, we use RocLab program

to convert the parameters of the rock samples obtained from these tests into the parameters of the on-site rock mass.

ks H #5:2021-07-20

PEE IS : TIE%(1982-), 5 g T AN

SI3etg s E % RN XK, A ORT B AR A T2 o [ ] il B R ,2022,13 (6) :92-96.
WANG Guojun, ZHU Xiaobing, LIU Baolin, et al. Study on Mechanical Tests of Mudstone of Badong Formation for Zhengzhou-Wanzhou Railway
[ J ]. High Speed Railway Technology, 2022, 13(6) :92-96.



% 6 11

FREZE, 5 TSR AR e s SR e

20224F 12 H

Key words: rock mechanics; mechanical test; mudstone of Badong Formation; action of water; parameters of rock mass

T R AR N = R 4K 18. 9 km, BEIE TR
BEGB =S RAPHRE AL —  B(T,h") . T4
BEITAL(T ) S KIGH (T, d) )2, Hih =& R b5
ERA— BRI @A A ERHZ. AR
A R AR B K AL TR IR R TR
Hi TR R U e S B IR A 4 ) SRR 2 A
ARt A — R AR &5 B RIS
I K, g XoF B 308 19 it T B R s i) o BRI 0,
ELAR ALV (1) 1 2R E A TS, AT ARG % k% i
RIS T 0T TSR

JE BRSO T B 2 At =g
X PN B AR 2R U8 A BRI | e | T TR A 5 5
PR A T e BEAT T RIFSE 5 SRR A i =
RIS E T EARA Ve A AR S - NAShER, I
B93> 4 DY Be 3R T B O R s R
SEEENT T ARV A I IR A K BT MER AR T
A1 3 A AR AR B B

H AT, B0 B AR 4L U8 A /Y F B e B 34
7% AB RIS IS S80S M LR A R I S B AR 3R
X5, 1 EL T ARt A5 20 i A A S 8t Ry
I AR S AR S o AR S 3 B R = A e
TRIGXT AR AL A 31 S50 T TN, JF T
Hoek-Brown HENPERIG S HELAL R T A K550
BF9E LR AT A e SRR 5 (R BRAE B B A 4R R
o A] Ay Hfl T AR S
1 AR

ELAR Ve 7 A AR A RS T 5 UK /N — e %
FY 22 X B PR ER N T oA B4R 50 mm 5 100 mm
ARV AR AR IR . I MTS-815 AU AR 43 4] A Kl
RIGHLNT EL AR LT A B B 2 2 8 A TR %
RIS 254 SR EE AR5, vl LA R iR
SAF T AT A BOREE AR = R 4R R
T L2 Pl A X 22 [ ] B A U0 4, 2 IE [ 0 Aok o
HEE N A 2R A

R IR 144 D E R AN A AR, R 565 1)
PR IR R R 2. 77 g/em’, B/ NNy
2.61 g/em’, FYIHEE K 2.70 ¢/cm’s WA 58 B T I
BT AR T A3, A B AR ACIRES T
AREDEAT B R 451006 5 = AR 4, A5 2T
TRACIRAS T ELAR ALV A Y SRS & | N BEHEE AR ORG 2R
FUTAARS . RIS 41 1 fis .

x1 BRAREHFREHHEFE
R et ARRIRES [ oes ki i
HETUIRZS 6
AR 6
HETIRZS 6
AR 6

Lt

R

2 RIERSH

2.1 BERARABHERLL
B LA 4 I A S TR IR IR S 25
6 20, KR4 56 2 A MTS IR 3 ML B AL A
Bl RAE B SR B A ) 17 7 B g 7 R R ) i
Ax FEH D) THRAS B ARG A 1 A
E=92 (1)

€4

A E——fMER E ( MPa) ;

o—lim W ) (MPa) ;

er—HM I N AR

EARA e & Sy — A Hh e &l 1 v
M1 AT LA H St e 2 i e ok i v [ AR 4L 8 5
HET SRS R — RS I SR A — 3, 1%
(BT AT 23 3 A BB - 2B B B s B LA
IVESIE B, TERLBRE R B, th T A FE NI AATE
T/ IN B S BT, S o PN AR A2 T AT, 7 g I A
2 AT 1) b2 AR s T BB B, A R R RS2 T
WEIE N AR IIE Bl T B, R IZ I Blg
P BB AR E s TEIB PRSI B B, i Ta A AR 2
TSP ER A 2, PN 2B 2™ i, I e 2 A fof A
FHF 243 5158 - BUA R AR

ELAR A U A TERE T SR ACIRAS T 19 PRl o
JE PR R DL SRR LN 2 . AR TR
A AR T AR VA 1Y Ul o B2 5 S A%
A TR IE A FOA TS O, BIARLK 254 T AR
e AR 5ok 2

*k2 BRARESSHEHEZRITR

FRESHL PRI 5 B/ MPa PAPERTRE/GPa | VARAEL
HETRES 39.74 8. 84 0.22
AR 29. 41 7.23 0.24
R/ % 25.99 18.21 -9.09

2.2 BERARAE=MHESEIE
W= AR I A RS T S AT OIR S A
6 4, B 4154 K AE 4> B 2 MPa .4 MPa .6 MPa,




%61 TE%E, % ST O RANR 5 AR s 20224F 12 H
40+ ISR TR
140
30
< < 120
= =
B 100 -
R 20+ Iy
E? § 80
10f fé 60
g
A4
0(?000 0.601 040‘02 0.603 0.604 0.605 0.606 20
iﬂifﬂW”ﬁs 0 1 1 L 1 )
a) BETORAS 0.000 0.002 0.004 0.006 0.0008 0.010 0.012
(@ IPRE e
40+ B2 MFREBFRARE(F—H)ENAE - HRE
MK Z B
30F
2 HEFORZS S MACIRES T B R 418 25 3P4 5
2 ol 3R 3 PR B R FRRHK LU AR AL
2 PR BRI RS 5 LTRSS TR AR e 5 A i 1)
= ol HA R R B K T ACIRAS M FREIRZS , ik
RET B AR Y A L r i i 10. 33% (&
2 MPa) 8K 5 19.91% (& 10 MPa ), R ] 48 KR}

0 Il Il Il Il Il Il

0.000 0.001 0.002 0.003 0.004 0.005 0.006
1) N e

(b) AR

B BRARSRHENES - HEHLE

8 MPa J 10 MPa [l Ei#47i5 . FIELL 0. 05 MPa/s
oz A A W A g Al 207 =KL 0. 1 mm/min
A3 A TNk, 75 BN [F] L AR R R, I
FAZC(2),20(3) 3R H A 2 I WA DN BE 2 A1 (o ) IR 2R
J1(e)s

o, (1 - singp)
@ = arcsinZ;i (3)
Kb o ——Hlim ) — Bl SC R MG ARAR N )
I (MPa ) ;
m——AlimI N 7 - B OC R MR
o—— NEEES(°);
c—HiZJ1(MPa);

HEAIRS B AR Ve (R —41) TR 25 - Rl
AR ZR RHER AN 2 fir s o Bl RS O3S K, 3207 0
28 — DR AR B R BRI, BRI B 320 )
2 55 v 078 T i B O AR 2 908 A T e B A 0

AR AR 2R R AR S E o B B
R Ue s N EEE M R R ) JAFA LN 2R 4 B, i
e 4 TAL AR TR R ACIR S TR B AR LR
P EE SR AR REAIG 9. 39 % , K 3R 1 A% 10. 07 % , IR LE
P59, 09%

*3 BRAREEMEESITR(CPa)
[l &/ MPa 2 4 6 8 10
HETORZS 10.46 | 11.42 13.01 14. 67 16. 02
AR 9.38 10.22 11.34 12.07 12.83
K/ % 10.33 | 10.51 12. 84 17.72 19.91

16 —a— RS
| —e— HIRE

A /G Pa

9 1 1 1 1 1
2 4 6 8 10

[l F</Mpa

3 BRARSEMRESEENTHLXRHEE



% 6 11

FREZE, 5 TSR AR e s SR e

20224F 12 H

*®4 BFRAREHNEEZRR RN GAREEGITR

HHESHEL WIEE SR o/ (°) K% J1 e/MPa HEE /N
HPETIRZS 53.91 7.35 0.22
TR 48.85 6. 61 0.24
Rkl / % 9.39 10. 07 -9.09

3 HGahSHEN

T I 0% S AR BB 98 38 2 e, AR TB 1003 -
2016 C BRI BTG ) T DK R Y B AR
A K053 TG LA /N = e ik 18 037 A AR B
e, A S HAUR IV G, G R 1) 1 2 2805
MR 2B 228K

BEXT RGN Rl g A 280 A o I o
SR, UME TG S2A0MT5E . Hoek-Brown ¥ NI AT 36T Hb o
5 EEFE AR (GSD) VAN AR 1 5 B2, I Ak 3305 R Rl etk
AT BMERTE BRI DL R B A LRk

o, :0'3+a'(,(mhﬁ+s)a (4)
o-C

K o o0 ERR NN T (MPa )
SERE AR FARR YT 3R (MPa ) 5
HOZRZHCRAN 1) ;

S R B IR R

myva.s AIEE(S) ~ (7)) RS

U-C

mb‘ a

S

GSI = 100
m, = mexp(ye™ ap) )
s = exp(%) (6)

a=g+elen(-9h o= (7)
[P m—— A A RS RN 1), A1 4K
R
GSI—— U BTHR E TR 5
D——E A R %L
3L T Hoek-Brown il 35 #E |, Roescience TT & 1Y
RocLab &7 AT LRI 58 5 54 10 SRl R o B 5 5
PERLE TR BEFR AR (GSD A RS EL m, DL RCA R
BNZRE D ITAAT B UG R R A B AR B | A B
SRR T
b J5T 5 A bR AT AR AR 37 5 A AR LA R S T
REVEATHIW ., th % 7 a1 Ol T
TET 3 T 5 AL 35 VF 22 AN T BB TR i) S AR P AR 12
EjWrZ , Ayt v B A B . AR GST 7r2)
KRR B S B AR GSTAE A 40, A m,
H PRS2 (A 7, fh T IR FHMUTZ ST

ARSI, AR TP R BCTH 0, AT ARALVE &
ATk G I A ) B T RS2 39. 74 MPa, B
PER I T-H4MH 8. 84 GPa, LI X I IA BRI S IR IE B0 4
PR JE, BT RocLab B2 745 t B A AR 5C R L
e 4 fioR .

Hoek-Brown Classification

intact uniaxial comp.strength (sigci) = 39.74MPa
12+ GSI=40 mi=7 Disturbance factor (D) =0
intact modulus (Ei) = 8840 Mpa

11 Hoek-Brown Criterion

M mb=0.821 s=0.0013 a=0.5I1
Mohr-Coulomb Fit
10l cohesion =0.716 Mpa ~ friction angle = 33.89 deg

Rock Mass Parameters
tensile strength = -0.062 Mpa
uniaxial compressive strength = 1.314 Mpa
global strength = 4.656 Mpa
deformation modulus = 1411.33 MPa

RN J)/MPa

o
B ) /MPa
)

1 :ﬁi 1t «n

0 1 2 3 0 1 2 3 4 5
f5/NEN S/ MPa VL J) /MPa

B 4 RoclLab BFITELERE

F 48 RocLab F2 7 TR S5 R T LA /N =k
B B B AR e A A R ) SR o 1. 41 GPa, Y
JEE 52 £f1 M 33. 89° , K EE J1 M 0. 716 MPa, M (ki
B T TR TR ) 45 G0 BB (A W B ) A AR bR 1 S %
B, VAR PR R 1.3 ~ 6 GPa, EEHE
27°~39° K5 I8 0.2 ~ 0. 7 MPa, #5545 2] (1) /N =
U B T EL 2 4 U S A D B 2 S8, mis PR e o 4
RN R IV G 255 T 45 SR — 3

4 g

ASCEET U A AR X AR e s )
2 280 AT R, IFF A Hoek-Brown #E W) 4% 4k,
FIGER S, NG ST B T AR AR I
BEERUT .

(1) BRI A WA T R 305 3 A BB - 24
Bl R 2 B B BB B BB AR IR B B, TE SRR AR IR
Wi B, Bifi o o N R 2L B %) L S R, e A fr A
RSB T h ey = 21137 N



%6 4]

FE%, ST AR T A T 2 g oY

20224F 12 H

(2) TEMACIRAS T, LR ZH 8 e Y M o |

B LUBORE TR ITA P IN TR LEAT TG R

(3) B F B3GR, B AR 4 7 o ) P A i

Wi O, WOAOIRZS T B8 20 ) 22 45 Tl i o7 72 B AR 4R
155 R AT FITHE O 8 BRI, 70 T AR 4 g e
PR (Y S5 T 2

(4) 3T Hoek-Brown 7N, #] F RocLab #2757,

P og B A R DT R R | TR TR AR AR
(GSDAEARSH m, VISl 2% D, 152 Bl
PRAY SRS B N BEE A LU SORE SR T, 5 IV L 5
WA 2SS HIEAT N

S Lk
(1] mISCHT . ISR BR sl kB A A M B R [ ] etk

(2]

(3]

BREGA, 2021, 12(1) : 41 - 45.

SI Wenming. A Study on Design of Subgrade Deformation Monitoring
for South Sichuan Intercity High-Speed Railway [ J ]. High Speed
Railway Technology, 2021, 12(1) : 41 —45.

JBEBR W BRAR . IR X AR ( T2b ) SeLr A jien TR H B R
MERTFE [T ). TR, 2004, 12(2) : 124 - 135.

YIN Yueping, HU Ruilin. Engineering Geological Characteristics
of Purplish-Red Mudstone of Middle Tertiary Formation at the Three
Gorges Reservoir [ J ]. Journal of Engineering Geology,2004,12 (2):
124 - 135.

Ftd T, AR BB . A DR L P TR T T
WFTLT]. #4717, 2006, 27(7) : 1201 - 1203.

WU Yiping, YU Hongming, HU Yanxin. Research on Engineering

(6]

Geological Characters of Aubergine Mudstone of Badong New City
Zone [ J ]. Rock and Soil Mechanics, 2006, 27 (7) : 1201 — 1203.
HiSE, AL, BT, % . DRI LL G Je A HRR PR L 55 AL e
PERREEIITE L) ], a5 TR, 2019, 26(6) : 85-93.
MIAO Liang, HAN Song, SHEN Peiwu, et al. Experimental
Study on Strength Weakening of Purple-Red Mudstone in Badong
Formation Based on Cyclic Wetting and Drying Test [ J ]. Safety and
Environmental Engineering, 2019, 26 (6) : 85 - 93.

SRR, XNTAL, B B2, A WRADRAL O = 54
AFGERIETE L) ], TR, 2013, 21(1) : 138 - 142.
ZHANG Jiaming, LIU Yuhang, LUO Changhong, et al. Triaxial
Compression Test and Constitutive Model for Red Mudstone of Badong
Formation [ J]. Journal of Engineering Geology, 2013, 21 (1) :
138 — 142.

EER, 2R, AL A AR e A AR IR A A BB 5T
[T]. HA S TR, 2019, 38(S2) : 3362 - 3373.

WANG Yanchao, YAN Echuan, CONG Lu, et al. Study on Creep
Constitutive Model of Badong Formation Mudstoneunder Triaxial Creep
Test [J].
2019, 38(S2) : 3362 - 3373.

TB 1003 - 2016 ZhikbEiE BT AE LS 1.

TB 1003 - 2016 Code for Design of Railway Tunnel [ S ].

KA, TR, TEHETE . Hoek-Brown i J& e NI 53 i J 5 37 JF1 £
WL AA I ST, 2013, 32(10) : 1945 - 1963.

ZHU Hehua, ZHANG Qi, ZHANG Lianyang. Review of Research

Chinese Journal of Rock Mechanics and Engineering,

Progresses and Applications of hoek-Brown Strength Criterion [ J ].
Chinese Journal of Rock Mechanics and Engineering, 2013, 32(10) :
1945 - 1963.



