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Triaxial stress experiment of mudstone under simulated geological
conditions and its petroleum significance
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Abstract ; Mechanical properties of mudstone largely determines both their quality as cap rocks and the quality as shale
gas reservoirs. In this study,the typical mudstone in the Silurian Longmaxi Formation in southern Sichuan Basin was se-
lected for triaxial mechanical tests,so as to understand the variations of mechanical properties of the mudstone and their
affecting factors. A total of 20 sets of experiments were carried out at confining pressures of 0,10,20,40,and 60 MPa,
and at temperatures of 20,50,100,and 130 °C ,respectively. The relationships between the mechanical properties of mud-
stone , temperature , and confining pressure were established. The results showed that there is basically a positive linear re-
lationship between the confining pressure and elastic modulus, Poisson’ s ratio, compressive strength, and residual strength
of the mudstone within the confining pressure range of less than 60 MPa. There is no clear correlation between tempera-
ture and those mechanical properties of mudstone within the temperature range of lower than 130 “C. However, those me-
chanical parameters of mudstone remained relatively consistent under the same confining pressure and different tempera-
tures , indicating that burial depth ( confining pressure) ,instead of temperature , determines the mechanical parameters of
mudstone. The stress-strain curves of mudstone also indicated that even the mudstone at the late diagenetic stage tends to
transit from brittle to ductile with the increase of buried depth. According to the relationship between the peak and the re-
sidual compressive strengths , the critical burial depth for brittle-ductile transition of the Silurian mudstone in Sichuan Ba-
sin is determined approximately at 4 200 —4 400 m. Beyond this critical depth,the mudstone is less prone to fracture and
thus has greater sealing ability as cap rocks,while has poor fracability as shale gas reservoirs.
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Table 1 Rock composition and physical property of the Silurian mudstone in southern Sichuan Basin
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Fig. 1 Stess-strian curves of mudstone under different temperatures and pressures of the Silurian mudstone in southern Sichuan Basin
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curves of the Silurian mudstone in southern Sichuan Basin
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Fig. 3 Relationships between physical properties and confining pressure of the Silurian mudstone in southern Sichuan Basin
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Fig. 4 Relationships between physical properties and temperatures of the Silurian mudstone in southern Sichuan Basin
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Fig. 6 Permeability test curves of the Silurian mudstone under confining pressure in southern Sichuan Basin

a g REUR - 1ib SRR - 250 SRR -35d AHEDE -4

TRAT B A B SO AP A RO R HE I B =, 5640 ot
H R TR

V) g1 T s AR — 8 P 4Un, i ELAS R cs B
By sz 7 HE AR AL, TR S A ) e M TR A
() SR A 3 2= A RN R] o e A [l e 2 Y
=R SR UESE il R B T R Z R L, Y
(R A7 2 P T A2 TR B ) 52 ) B 8 A X
HFE AR

2) Bt TR (V3 i, B fek 2 W 180 B B P 0 e
A G 16 BB 2 7 ) 5, MR 30 A W (L T s 5 2
FFARURSR A R TR NI SR R e
BV A W I SR Z Dy 4 180 ~4 430 m, X
AN TRy 5 R e )R, G S P A R P A
TE2E 5 AHR BRI R — 45 B e, HOE A e 28 TR 8
BT — B A SCHTBRE 1 e A e SE 5 28 TR I, XoF

VU1 Z 5 B 2R e TR 2 ) 2 B AT A e Y AT
MM BASHE L.
& % x W

[1] David N D, Anthony F. Impact of fabric, micro-cracks and stress field
on shale anisotropy [ J]. Geophysical Journal International ,2006 ,165
(1):135 -148.

[2] Petley D N. Failure envelope of mud rock at high confining pressure
[C]//Aplin A C,Fleet A J,Macquaker J H S. Muds and mudstones :
physical and fluid flow properties. London : Geological Society Special
Publications, 1999 ,158 :61 - 71.

[3] Lewis H, Olden P, Couples G D. Geomechanical simulations of top

[10]

(1]

seal integrity [ J]. Norwegian Petroleum Society Special Publications,
2002,11(1) .75 -87.

Dewhurst D N, Jones R M, Raven M D. Microstructural and petro-
physical characterization of Muderong Shale: application to top seal
risking [ J]. Petroleum Geoscience,2002,8(4) :371 —383.
Dewhurst D N, Hennig A L. Geomechanical properties related to top
seal leakage in the Carnarvon Basin,Northwest Shelf, Australia [ J].
Petroleum Geoscience ,2003,9(3) :255 —263.

Nygard R, Gutierrez M, Bratli R K, et al. Brittle - ductile transition
shear failure and leakage in shales and mudrocks [ J]. Marine and
Petroleum Geology,2006,23(2) :201 -212.

Lash G G. Top seal development in the shale-dominated Upper Devo-
nian Catskill Delta Complex, western New York State [ J]. Marine
and Petroleum Geology,2006,23(3) :317 -335.

RPN, BRI, AT, A DUANETE R Z NN T ik Bk [ ]
A1 J1% 5 TRR#4,2012,31(8) :1680 — 1685.

Li Qinghui, Chen Mian, Jin Yan,et al. Indoor evaluation method for
shale brittleness and improvement [ J ]. Chinese Journal of Rock
Mechanics and Engineering,2012,31(8) ;1680 - 1685.

TR R B AR A UM DX BT SO ST I s 2 S S R
[J]. Al 5 KA HFT,2014,35(3) 1425 -430.

Wang Zhigang. Practice and cognition of shale gas horizontal well
fracturing stimulation in Jiaoshiba of Fuling area[]J]. Oil & Gas
Geology,2014,35(3) .425 -430.

BRARLT. D)1 £ B L 2% 0 20 - J YR 2 A Y WG 0 gk 1
[J]. A 5 RIS MG, 2015 ,36(4) :659 - 665.

Wei Zhihong. Late fugitive emission of shale gas from Wufeng-Long-
maxi Formation in Sichuan Basin and its periphery[ J]. Oil & Gas
Geology,2015,36(4) :659 - 665.

A, RAE, R, S AR S R A 12K A A EAR
FHI SZBAT S FEF oY 2 LT ). A0 SE 3 5, 2011, 33 (1)
36 -39.

Zhang Juntan, Wu Shixiang, Li Hongtao, et al. Simulation experiment
of water-rock interaction in Silurian mudstone cap formation and its

significance in Southeast Sichuan basin [ J]. Petroleum Geology &



5434 XU, A AU 2 A5 e = A ) S B Hh U 605
Experiment,2011,33(1) :36 —39. [21] Curtis J B. Fractured shale-gas systems [ J]. AAPG Bulletin, 2002,
[12]  Zeoe, doeld, B 03 A Je s =Rhies e R R L] v 86(11):1921 -1938.
RN A2 42,2007,29(3) 257 - 59. [22] @, 28, R SUE S RUBPLER R A [ )] RARR L
Li Rong,Meng Yingfeng, Luo Yong, et al. Triaxial creep experiment Al ,2004,24(7) .15 - 18.
of mudstone and applications [ J]. Journal of Southwest Petroleum U- Zhang Jinchuan, Jin Zhijun, Yuan Mingsheng. Reservoir forming
niversity ,2007,29(3) ;57 - 59. mechanism of shale gas and its distribution [ J]. Natural Gas Indus-
[13]  BRfh. hERZ A0 a0t R e TR P M I LT ). A try,2004,24(7) :15 - 18.
125 5 T FE2E4R 2004 ,23 (14) ;2455 —2462. [23] Kahraman S, Altindag R. A brittleness index to estimate fracture
Chen Mian. Review of study on rock mechanics at great depth and its toughness [ J]. International Journal of Rock Mechanics & Ming Sci-
applications to petroleum engineering of China [ J]. Chinese Journal ences,2004 ,41:343 —348.
of Rock Mechanics and Engineering,2004,23 (14) ;2455 —2462. [24] FEXL BRI, TEW, % PE FHFIX T HERTUAESIER

[14]

[15]

[16]

[17]

[18]

[19]

[20]

B, T, X, A R 52 P N2 T 1) B RE I BT
JiE BHRTLI]. A5 RIS, 2014,35(3) :359 - 364.
Hu Huiting, Wang Long, Liu Yan, et al. Research method of fault
vertical sealing capacity in overpressure mudstone caprock and its ap-
plication[ J]. Oil & Gas Geology,2014,35(3) :359 - 364.

Zhang Lianying,Mao Xiaobiao,Liu Ruixue, et al. Meso-structure and
fracture mechanism of mudstone at high temperature[ J]. Internation-
al Journal of Mining Science and Technology,2014 ,24 .433 —439.
Sy, BMasit, Hod S, A5 o IR T O b R 3t R I A i R
[ M. b5t Hs i ikt , 2004 : 1 - 867,

Ma Li, Chen Huanjiang, Gan Kewen, et al. Tectonic and marine
petroleum geology of the South China[ M ]. Beijing: Geological Pub-
lishing House ,2004 ;1 - 867.

A4)7 2R SR ZE R BRI B R R AT [ 1] KIS
HiERFFS,1994,5(5) :6 - 12.

Fu Guang, Jiang Zhenxue. Analysis of geological factors affectedon
the formation and evolution of caprocks [ J]. Natural Gas Geo-
science, 1994 ,5(5) .6 - 12.

SRRIAR, RS 352 MBI i SR SR P i 2 [T ]
R I ) ,1993,12(1) .73 -78.

Zhang Shulin, Tian Shicheng. Study method of cap rock and its signi-
ficance in petroleum exploration [ J]. Geological Science and Tech-
nology Information,1993,12(1) .73 -78.

JEISC, X0 SO FROGBE. LR 4 U8 4 3 2 Al B B S L
BRI T]. AR BT 2 B 24, 1994 ,21 (1) 162 - 70.

Zhou Wen, Liu Wenbi, Cheng Guangying. Evolution and seal mecha-
nism of shale caps in Halaer basin [ J]. Journal of Chengdu Institute
of Technology,1994 ,21(1) .62 -70.

Zoback M D. Reservoir Geomechanics [ M ]. Cambridge University
Press,2007 .1 - 159.

[25]

[26]

[27]

[28]

F AP BAFAELT ] A7 5 R HTT,2010,31(3) :289 -299.
Dong Dazhong, Cheng Keming, Wang Yuman, et al. Forming condi-
tions and characteristics of shale gas in the Lower Paleozoic of the
Upper Yangtze region,China [ J]. Oil & Gas Geology,2010,31(3) :
289 -299.
FEW, FIL,FEL,E I T BB DR U U2
FHIERR LT ]. 52741 ,2012,33(4) :551 -561.
Wang Yuman, Dong Dazhong, Li Jianzhong, et al. Reservoir characte-
ristics of shale gas in Longmaxi Formation of the Lower Silurian,
Southern Sichuan [ J]. Acta Petrolei Sinica,2012,33 (4):551 -
561.
RS BB, TRE T, 5. TUEUR)Z iR PP HR [T].
fih2E 4R ,2013,34(3) 1523 -527.
Yuan Junliang, Deng Jingen,Zhang Dingyu, et al. Fracability evalua-
tion of shale-gas reservoirs [ J]. Acta Petrolei Sinica,2013,34(3):
523 -527.
ZEXUEE, M, PN A I PE AN 35 2 RO I A ) 2 LR Y
[J]. AihaEss T ,2013,35(5) 574 - 578 .
Li Shuangjian,Zhou Yan,Sun Dongsheng, Rock mechanic experiment
study of evaluation on cap rock effectiveness [ J]. Petroleum Geology
& Experiment,2013,35(5) 574 -578.
HaoFang, Zou Huayao, Lu Yongchao. Mechanisms of shale gas
storage ; Implications for shale gas exploration in China [ J]. AAPG
Bulletin 2013 ,97(8) :1325 - 1346.
Mark J K. Profitability assessment of Haynesville shale gas wells[ J].
Energy,2012,38(1) :315 -330.
Frank M, Akand W I,Tad W P, et al. Analysis of gas production from
hydraulically fractured wells in the Haynesville Shale using scaling
methods[ J ]. Journal of Unconventional Oil and Gas Resources,

2015,10(2) :11 -17.
(%3 RIAHE)



