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Study on rock mechanical properties of deep shale gas reservoirs based on multi-mechanical
experiments
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Abstract: The southeastern Sichuan region is characterized by complex tectonic structures. The shale gas reservoir from the first member of
the upper Ordovician Wufeng Formation to the Lower Silurian Longmaxi Formation is buried at considerable depths, which significantly
affects the rock mechanical properties. However, systematic studies remain limited. This study focuses on the deep shale gas reservoir in the
Lintanchang area of southeastern Sichuan. A series of mechanical experiments, including triaxial compressive tests, acoustic wave velocity
measurements, tensile strength tests, and fracture toughness tests, were carried out. Based on the results of these multi—-mechanical
experiments, the rock mechanical properties of shale samples were analyzed, and a vertical mechanical property profile for a single well was
established. With increasing temperature and pressure, the residual stress after fracture, Young’s modulus, and Poisson’s ratio of the deep
shale samples showed an upward trend. The post—peak stress—strain curves exhibited more pronounced fluctuations. Acoustic wave velocities
at the plunging end of the Lintanchang anticline were lower than those at the flanks. Young’s modulus and Poisson’s ratio values, corrected
using a dynamic—static linear transformation, exhibited improved accuracy. The maximum load borne by the deep shale samples was less
than 10 kN. Type I and Type Il fractures displayed notable differences in propagation characteristics, and the degree of fracture
penetration was greatly affected by sampling direction. The vertical mechanical profile of well T4 revealed that the bottom section of the first
member of the Wufeng—Longmaxi Formation has higher Young’s modulus, lower Poisson’s ratio, and stronger brittleness, while the

compressive and tensile strengths, as well as the fracture toughness index, remain relatively low. These mechanical properties show a weak
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compressive—tensile state, providing favorable conditions for reservoir stimulation. Thus, this interval represents an optimal target for future

exploration and development.
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Fig. 1 Tectonic structure and burial depth distribution of Wufeng—Longmaxi Formation in Lintanchang area of southeastern Sichuan
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Fig. 2 Schematic diagrams of acoustic wave velocity testing apparatus and servo—controlled rock mechanics testing system (modified from

reference [23])
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Fig. 3

Stress—strain curves of deep shale samples from well T3, the first member of Wufeng-Longmaxi Formation, southeastern Sichuan, at

different temperatures and pressures
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Table 1 Experimental results of triaxial rock mechanical tests on shale samples at different temperatures and pressures
5 R INE VR /m [FlJE/MPa S C PUESREE/MPa 0 5H [WE R /GPa HATAR
T2-1 @ 3026.26 15 30 175.99 31.69 0.233
T2 T2-2 @ 3026.26 30 60 246.16 32.56 0.238
T2-3 @ 3026.39 50 90 311.03 33.89 0.243
T3-4 @ 4122.76 15 30 163.59 29.54 0.218
T3-5 &) 4122.76 30 60 186.89 31.19 0.235
T3-6 ©) 4122.76 50 90 230.98 32.78 0.251
T3-16 @ 4127.50 15 30 236.67 30.94 0.213
T3-17 @ 412750 30 60 288.84 31.08 0.231
- T3-18 @ 4128.20 50 90 339.94 31.83 0.269
T3-13 @® 4 132.00 15 30 261.51 31.36 0.209
T3-14 ® 4132.00 30 60 261.96 32.73 0.234
T3-15 ) 4132.00 50 90 387.65 34.43 0.237
T3-19 ) 4134.45 15 30 192.86 30.70 0.214
T3-20 @ 4134.45 30 60 255.53 35.76 0.251
T3-21 @ 413445 50 90 316.96 38.71 0.282
T4-21 ©) 3905.39 15 30 243.24 35.71 0.176
T4 T4-23 ) 3905.39 30 60 272.86 39.79 0.196
T4-24 6) 3906.48 50 90 300.79 40.78 0.207
T5-25 ® 2 874.35 15 30 123.23 29.80 0.225
T5-26 6)) 2874.35 30 60 156.32 31.02 0.239
s T5-27 ® 2 874.42 50 90 190.25 32.51 0.248
T5-28 @® 2884.31 15 30 127.82 30.48 0.207
T5-29 ) 2884.31 30 60 144.17 31.82 0.232
T5-30 @ 2 884.31 50 90 211.25 33.59 0.249
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Fig. 4 Distribution of rock mechanical parameters at different temperatures and pressures
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Table 2 Experimental results of acoustic wave velocity test on shale samples

bin=2 FEM S INZ RJ¥ /m W (glem®)  BEDEDEE/(m/s)  HENEE/ (mls)  BhAEM RAER/GPa SHASIAMA L
T3-5-1 ® 4119.66 261 2884.27 4778.90 29.33 0.286
T3-5-2 ® 4120.77 2.58 2 692.43 4730.85 27.82 0.240
T3-S-3 ® 4120.94 2.69 2582.43 5172.92 33.55 0.166
T3-S-4 @ 4121.55 2.71 2733.53 5259.15 35.24 0.185
- T3-S-5 @ 4122.06 2.56 2 636.15 4 417.48 24.47 0.277
T3-5-6 ® 412276 2.56 2 668.44 445761 24.95 0279
T3-8-7 @ 4127.18 2.46 2 602.04 4343.69 277 0.280
T3-S-8 @ 4127.52 2.41 2 518.65 4351.35 22.11 0.252
T3-5-9 @ 4130.09 245 2764.54 4426.19 23.96 0320
T3-5-10 @ 4132.04 245 2 664.92 4507.86 2430 0.269
T5-S-11 ® 2859.97 2.44 2 444.68 439721 2255 0.224
T5-S-12 @ 2 868.44 2.61 3054.44 5074.42 32.98 0.284
TS5 T5-S-13 @ 2 880.05 2.71 2 680.25 4 809.55 29.97 0.225
T5-S-14 @ 2 881.59 2.69 2931.65 4902.47 31.74 0278
T5-5-15 @ 2 884.19 2.61 3359.14 5 498.88 37.45 0.298
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Fig. 5 Bubble chart showing distribution of density, P-waves
velocity, and S—waves velocity of deep shale samples from the first

member of Wufeng—Longmaxi Formation in southeastern Sichuan
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Table 3 Experimental results of Brazilian splitting test of
shale samples

5 HERYS NE O HEMm o RREM/AN BRI /MPa

T2-L-1 @ 301101 3.721 4.41

T T2-L-2 @  3023.96 5.237 4.98
T2-1-3 @O 302556 5.719 5.04
T3-L-4 @  4090.76 5.005 5.31

. 3-1-5 @& 412081 2.752 3.89
13-1-6 @ 412895 4,083 4.81
T3-1-7 @O 413025 3.756 428
T5-1-8 &  2856.05 3.262 3.58
T5-1-9 @  2868.44 2.469 2.99

T5 T5-L-10 @ 2871.72 2.455 2.71
T5-L-11 @  2881.59 4.194 4.80
T5-1-12 @  2884.19 3.596 4.03
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Fig. 8 Fracture failure results of deep shale samples from the first member of the Wufeng—Longmaxi Formation in fracture toughness tests



414 R A T 2012 SR TR R BUA SR )2 0 A RS

2025 4F
5% H3W

5 JFECE A7 SRR

A1) FU2) T3l AL AR 8 2O A P
HATAAS AT TS, Al RL =X (5) A (6) X (A FRAs
RS DA A T ERR T

(5)

K = (6)

3(1-2u)
o GBI, BT GPa; K ARSI , 507 GPa.
T =Rl o EE IR AR O S | [ AR
L i 2 RN A D I 2 0 T 26, B Hoek—Brown
SR T DU S 7 A 5 T e A A

UFM (7)

17100
e /

Koo, NHPUESRIE , B0 MPasa NH0E R R IE H T,
HUH 0.8l =Rl 3R BEIRAS 1) s v V 2 A
U2 A RIVRE IR 9B S, FRLAE m/s b DR MR RS TE IR, OB
1.72;e 0 HERHEL,

BT VG B 20 I A A BT p s B 2 R N B T

PSR LA S LR & i (0 TUA LR B 50 A
o, =0.02867¢ "¢ +0.7136w(TOC) + 0.836 2
(8)
Ko HIUAPHRE , 467 MPas o (TOC) i S A MLk
T, %,

BT W 24 Mg A5 0 1 AUR I AL e PR (A,
I (4) THR TR PP R (AR ) |, 7 b sk 4 B
B 5 W A PR B B B4R . VIDUR B
N RN 2% LSRN EL R N [r] H BH AR 22 A A U —
BE Ry B AR 1, 22 70 [R] A 400G A5 3 B 2L i A0 O
HHEAR, WX (9) . BIHACHERERME N 0.86, 85

de = 0.803 = 0.235GR,,, - 0.123p,,. — 0.299A¢,, +
0.420A¢,,, — 0.389IRD - RS, (9)

2 d iy W BRTVERE RN B R, o0 Al AL,
HUIRD — RSI, 4350 A A SRAN S RFR BE R 22 4L
U Fsf 2 TR AN 1] b B 6 2 0 1) I — AR 1B

ST R T HE N7 ST X IR 2 BUA it 2 5 A 1244
HEL 1) 0T P 9 O~ T4 I L]l — o iR 4] — Bo iR 2 i
R A O P ERHE T sE S HRIE . A A 1R S
B R & A o AT A A AR T, T4 B 5 )2
JICHR A [ORT I3 e VAP LU AAIG , B 5 BE AR, SR B e

PEBCOR 5 39 DR B AR FRAS 2k 5 3 5 2R 3R T, T4 0F
OFZHH Q% RIER—2 52 BT )2 P a it
FR45 (AR REAE/IN ) R 5 U0 A8 (B DR 41N ) B fE
Ty EREAR s GO 58 LMW 2 R 4 BB A R AR ], T4
HOTRETH QTR T a5 R, 25
BoY R ER S FIE RIS A A ZRE TR .
T4 I W — g TR — B Q) T R IR A e TR, 5 &
A JRAR BTN AL , g 2 PR BR BOA S5 B -k 25 B
A R TRECE 250, RS T T 5 I U 2R M, 2
JEIRIZE SR SO R E TR B

BT 2 IR m MO 3 XA s 5 2 T R F
HRZE SR, IRl —H i B TC Y B P REAH 2215 10x10° m?,
(EH L2 — g T B2 — B iU = A B RTT il I B
K, BPESZ TACH A TG i, S T — D Ig i L™ i
Moo PUE, BT 2200 ) S SRR I X a2 — g iR A
—BOUE R A A R A TR R B TH R L
1, AL B T8 IR T & S Re it i

1) 58 X 4 — 8 IR 4 — BUR)Z TUA FEAL 2
e S I e 4 i, JE R 7 — 7 A i 28k p 4 T ) 3k 0 (N
I RS B FR A N ) 23 WA IR R R ) 1 T g T
K, HUE S5 B B g — 0y A% it 2 B A 5 09 5 Bl ARRAIE
30 MPa 60 ‘CHYSZE 45 1F T IAF A A T2 S HOE R &
b J2 SEBRAR L, B A A | S A AR K YA L/
O ig =y =TI 0 G S et 03

2) MR 22 5 R 2 X T A A D A A
KA, FL UG 2 — o TH iR 41— BUTH I A 8l 54 G
SRNAMS EI R XTI 5 Bl S AL AR N B R ST
P B LR PEAR G R B KT 0.75, R PR 3 S 5
MR IE , 240 J12E S5 (g RS ANA A Lt ) AR &2
ATRE i ) LS B

3) W2 DUEFE SR R AT /T 2~6 kN, HlgEd]—Jk
Ih YR A — BB U PP s B AR 0N, 5 R A
TR RRIEARAT o T YW 2 R A 9 N EAE L B0
BT, B2 AR i 5 T R S0 B 805 N Al
S8 v A 58 B T T N TFAE 2L, B RR E SZ HURE y
IR AITE N,

4) BT IX Tl — g IR 24— B SRR 2 v e
s R ST A v SR M T T 06 o B g — i AR Iy
2R S TSR AN B R AN PR SR AR D B
S MEHE AR s AT AR T AR O v, 2R R 2
FUASIF R ETZE .



2025 4F

F15E E3W T/ G T 22 50 71 24 G IR VU S 2 A A 12 I 415
S sl WA A RERAE .
50————100 %
| B /G P YU /GPa # FIHRJE/MPa e
4| B % API HE | REEm 0*5"&* E/(’?SO L % lo 0| # L 0l # ;ﬂ
“ |50 350 T2 /(1 YUERE/MPa | | H F | 5
T 22/ (/) o o0l B i B4
I soo| AL Bt | oGP | Bf | WRBIMERSEC | B
0———05 0————40 0———1
3820 7
0 '\.
3830 {
3 8401 (
2
L 3850 ‘;
@ 3860 \
ﬂz |
ok |
B 3870- !
©
3880 ¢
® 3 890
@
L 3900
®
3910
@]
s i
7 @ 3920
4l L
e R A ‘HAARE FeRal L & AA I
. EEGE Es U0 =0 DOGEh mmlich mmiihn BT
7, 1£i=0.304 8 m,,
K9 A HIGEH—I SR — B T4 R 2 A 2 5 0 1R i ai A AR

(1]

(2]

Fig. 9 Comprehensive stratigraphic column of rock mechanical properties of deep shale reservoir from well T4, the first member of

Wufeng—Longmaxi Formation
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