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Abstract: When the confining pressure (external pressure) or pore pressure (internal pressure) changes, the
variation characteristics and mechanism of Poisson’s ratio for tight sandstone and shale still need to be
clarified. On the basis of the effective stress theory of Terzaghi and the new concept of effective stress
proposed by domestic scholars, this study analyzes the characteristics and mechanism of Poisson’s ratio
change based on the dynamic and static Poisson’s ratio measurement results. The rock types consist of tight
sandstone of the Gaotaizi Formation and shale of the Qingshankou Formation in the Songliao Basin,
respectively. The anisotropic distribution of Poisson’s ratio curves is obvious, which would have some impacts
on the propagation law of compression {ractures; as far as the scientific definition of “effective stress” is

“new effective stress” is

concerned, “Terzaghi effective stress” is suitable for f{ractured reservoirs while
suitable for shale with large porosity and uniform pore distribution. The conclusion will provide some
important theoretical basis for the effective development of tight oil and gas.

Keywords: Songliao Basin; Terzaghi equation; effective stress; Poisson’s ratio

( ) ( ) s
R Terzaghi s
,“Terzaghi » .o »
; Terzaghi ; ;
: TE348;P584 ‘A :1005-2321(2021)01-0411-09

[7-10]
o b
b b b
:2017-04-02; :2020-11-20
(2019D-5007-0214) 5 ¢ (2017Z2X05013005-009)”
(1994—), s s . E-mail: dushuheng@imech.ac.cn

http://www.earthsciencefrontiers.net.cn ,2021,28(1)



412 , , ./ Earth Science Frontiers 2021 28 1
b
[11-14]
b b
[15-20] s Terzaghi
[5-10]
Terzaghi ¢ (1) o
o( )N Do O elf 1
( Terzaghi ) o
U:Ucﬁ+[)p (D s
[21-25]
b . 3 ’
C (2N, o ,
( o L[[ ) o D) ( 2) ’ D
Terzaghi o — 0 ,
[42]
Terzaghi , 1,
° 124°05'E 124°45' 125°15’
c=cutop, (2 47° N 777 Y g |4
00’ " . m 00"
[26-27] N + . sz ! 1 .
o . '
] ' : 7r 1 .
; ( ) ( ) 0 10km- .
4 B \ .
y; . . 1 .
. | : !
- . .
!
’ ) i 1 . l
- . i ' .
o /7 ] . E I
: £ . 1! |
46° | AT, s L e
o ’ + \ . . r
35 P o, | 35
s N &z . , _I
[28-29] I . _’ * !
o 9 ' j,E ’ R
’ ’ BA \ /. _l
[30-31] d " { J
° ] )
’ Ll \ !
[32-38] , [39] oy . A A58
46° 3\ L. & y 7 46°
8 10" IR 1 iy EI & |10
s . 124°05’ 124°45’ 125°15’
[40] 1
Fig.1 A sketch map of the study area
f“i , 2
o b
o 2.1
« 2A)

http:

//www.earthsciencefrontiers.net.cn

,2021,28(1)



, , s/ Earth Science Frontiers 2021 28 1 413

2B, : X Y
. ( z
70 MPa) 20,
: .XY 90°,
(D) 2 MPa ,
$(2) 2 MPa .
: 2.2
N Terzaghi ¢ (a»
el ¢ @n.
: : : . 3~6
2), . : . 7~10
CHO () B

8.3% 12.6%.

C

”. pe dl R

i1 A
i . 2.5cm

A

S5cm

2 (A B ©
( [37] )
Fig.2 Experimental equipments (A and B) and sampling scheme (C). Modified from [37].

0.23 q 0.21 1
AX oy LA : AX o) o7
é 0211 4 0.19 S
......... ] P
B o19] eseeegeee o
X R 0.17 4
2 e ] Sy =
% 0.17 R S S S SN 3 ey E
ﬁjﬁ‘ 0154 Ageea.. ﬁjﬁ‘ 0.15 1 A A Tha A
3 L v I "
""" 2
0.13 T ) 0.13 T T T T T T !
25 26 27 8 12 16 20 24 28 32 36
HE BN F1 (0-pp)/MPa HE B F1 (0-9p)/MPa
3 \

Fig.3 Crossplot between the static Possion’s ratio and the “new effective stress” when changing the external (right panel) or

internal (left panel) pressure on the Gaotaizi tight sandstone

http://www.earthsciencefrontiers.net.cn ,2021,28(1)




414

BRI (BRE)

s . s, / Earth Science Frontiers 2021 28 1
0.21 - 0.21 1
A X oy 7
....................... . l®
0.19 { el @ @ eTE #0.19 -
P 2
Py
. ¥
017 { ST 2017 1
015 { A= mrde e a #0.15 - a e
N a
0.13 T T T T | 0.13 T T T T T T "
4 8 12 16 20 24 0 4 8 12 16 20 24 28
Terzaghi (3 11 (6-p)/MPa Terzaghi g %M /1 (6-p)/MPa
4 . Terzaghi

Fig.4 Crossplot between the static Possion’s ratio and the “Terzaghi effective stress” when changing the external (right panel) or
internal (left panel) pressure on the Gaotaizi tight sandstone

Fig.5

AT (ERE)

AT (A E)

0.38 1
0.36
0.34 1
0.32
0.30 1
0.28 -
0.26
0.24
0.22

25

0.40 -
0.38
0.36 1
0.34 1
0.32 1
0.30 1
0.28 1
0.26 1
0.24 1
0.22 1
0.20

26
F B BT (0—pp)/MPa
5

27

N

BHAERA (FBSME)

0.40 -
0.38 -
0.36 -
0.34
0.32 1
0.30 1
0.28 1
0.26 1
0.24
0.22 1

0.20
8

16 20 24 28 32 36
HiA BN S (0-pp)/MPa

Cross-plot between the dynamic Possion’s ratio and the “new effective stress” when changing the external (right panel) or

internal (left panel) pressure on the Gaotaizi tight sandstone

4

6

8 12 16 20
Terzaghig %M. 17 (6—p)/MPa

N

24

AL (FESHE)

0.40 q
0.38
0.36 1
0.34 1
0.32 4
0.30 4
0.28 4
0.26 1
0.24 4
0.22 4

'Y, ¢ [ D4

0.20
0

16 20

4 8 12 24 28
Terzaghi& %M 11 (6—p)/MPa
Terzaghi

Fig.6 Cross-plot between the dynamic Possion’s ratio and the “Terzaghi effective stress” when changing the external (right panel) or

BRI (ERE)

internal (left panel) pressure on the Gaotaizi tight sandstone

0.20 1
0.18
0.16 P
L St R SN
—

0.14 l ' l

24 2 i

AL (0-9p)/MPa
7 \

HARA L (BEAHE)

0.28 -

0.26 ™

0.24 1

0.22

0.20
0.18
0.16 -

0.14

AX oy o7

8

12 16 20 28
AR (0-9p)/ MPa

Fig.7 Crossplot between the static Possion’s ratio and the “new effective stress” when changing the external (right panel) or
internal (left panel) pressure on the Qingshankou source rock of shale

http://www.earthsciencefrontiers.net.cn

.2021,28(1)



. , , / Earth Science Frontiers 2021 28 1 415
02849
0.20 - % A X oy VA
.- 0264 N
% e ﬁ 0.24 .
B <022 4 e
E T AN ..
g 0164 —— § . e
_______ N

& e 016 ogoy

0.14 T T r T 1 0.14 T T T T T

4 8 12 16 20 24 0 4 8 12 16 20 24 28
Terzaghi %M /1 (6—p)/MPa Terzaghi#& 3 /1 (6—p)/MPa
8 . Terzaghi

Fig.8 Cross-plot between the static Possion’s ratio and the “Terzaghi effective stress” when changing the external (right panel) or

internal (left panel) pressure on the Qingshankou source rock of shale

0.40 - 0.40 - .
0.38 - AX (4 “z . 0.38 - AX oy YA o +
= 0.36 PO ~ 0364 4
B934 A B 034 - e o
& 0321 T xR =032 o -
o i e ¥ 030 T et
R e S e ,
I T ) 20264 - o P
202607 & P = 024i” e
#0.24 1 P ¥ 022 - o
il - ®o020{ - -
0201 o 0.18 {5
0.18 ; . . 016 —
24 25 26 27 8 12 16 20 24 28 32 36
HiH WS (0—0p)/MPa B RS (6-pp)/MPa
9

N

Fig.9 Cross-plot between the dynamic Possion’s ratio and the “new effective stress” when changing the external (right panel) or

internal (left panel) pressure on the Qingshankou source rock of shale

0.40 - 0.40 -

0.38 - L X oY b {_.__,___-. 0.38 AX oy 7 o
~ 036 1 d . 0.36 1 o
034 1 PO . Hoadq e
E( 0321 T PR B T kT
20304 ¢ a A 030 - ‘__-__‘_,_A -----
oy " Ro2g{ * o
0264 oF e 2026 e p—
e e ° F e [ P
Y 0244 P K1 0244 a4 X
R 0.22 - Uy ®022{ .

020 { o 0.20 - e

0.18 : : : . : 0.18 . . . . .

4 8 12 16 20 24 0 4 8 12 16 20 24
TerzaghiH (5. /1 (6—p)/MPa TerzaghiH (. /1 (6—p)/MPa
10 . Terzaghi

Fig.10 Cross-plot between the dynamic Possion's ratio and the “Terzaghi effective stress” when changing the external (right panel) or

Terzaghi

16

internal (left panel) pressure on the Qingshankou source rock of shale

90 % ,

”

http://www.earthsciencefrontiers.net.cn

N C 1. 25,
1. 2 N
: (D)
, “1+1+1”7 ;3 (2)
,2021,28(1)



416

, s , / Earth Science Frontiers 2021 28 1
, &‘2+1,, R “ ”
3.1 3.2 3.1 3.2 R
“ ”»
o ) ’
“ ” R SEM ( ) ( 11,
; ,“Terzaghi ” 12),
“Terzaghi ” R 3.1
. 1 , s
b
1
s o 11
Table 1 Changing rule of Poisson ratio of ’ ’
the Gaotaizi tight sandstone reservoir ’
N 85.9 nm,
“1+1+1” “2+1” . R
“ ” 0.007 MPa~'  0.001 MPa ' (Ya~2Z)+ .
(Xx=Y=Z) 0.002/MPa(X)
b
“Terzaghi 7 0.000 5 MPa™' 0.001 MPa ' (Y=2)+
(XxY==2) 0.002 MPa(X)
b .
u2+1n »»2+17! o ’
“ ”»
‘ ” 0.203 MPa™'  0.004 MPa ' (X= ’ ° 2+l
(X~Y~Z) YaZ) Y.Z
“Terzaghi ” 0.004 MPa ' 0.004 MPa ' (X== ’ ’ X Y,
(Xa=YaZ) YxZ7) 7 Y‘Z ’
2
b 1 b b
“ ”»
1+1+1
Table 2 Changing rule of Poisson ratio of ’
. “24+1” 3
the Qingshankou source rock of shale °

X/D+ “1+1+1”7 ),

“24+1” “1+1+17
0.002 MPa™ 1 (X)+
¢ ” 0.010 MPa !
0.000 2 MPa ' (Y) +
(Xx=Y~Z)
0.005 MPa~ ' (2)
} 0.002 MPa ™' (X) +
“Terzaghi 7 0.001 MPa™!
0.000 2 MPa™ 1 (Y)+
(X=Y=Z)
0.005 MPa~ ' (2)
(X/Z)+ Y)
“1+1+17 “1+1+17
: ” 0.035 MPa ™! 0.004 MPa !
(XaYaZ) (Xx=Y~Z)
“Terzaghi 7 0.004 MPa ™! 0.004 MPa !
(X=Y=Z) (X=Y=Z2) ”»

http://www.earthsciencefrontiers.net.cn

b

, “24+1” ,

“ ”

,2021,28(1)



, s s/ Earth Science Frontiers 2021 28 1

417

Fig.11 The microscopic characteristics of the Gaotaizi tight sandstone reservoir under the scanning electron microscopy (SEM)
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Fig.12 The microscopic characteristics of the Qingshankou source rock of shale under the scanning electron microscopy (SEM)
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