FIMRREE 2024 4510 H 45 9 455 5 1], 798-807 I..@ A T K N
Y|

Petroleum Science Bulletin

BRSBTS AV ORI G A 55

k', AT, Zebi, WZE, HRE, BAA

1 IR (LR IR RS TR A i Se0ss, Jbat 102249
2 HREHAE IR A RO PR A B TRER AR A H], K 300450

3 AT TSR A RS R R A ST R, sehi K 834099
*MAFIEH , yanwei@cup.edu.cn

Wk H 49): 2023-07-07; 14101 H 1) 2023-09-29
K ARBEI A FIH VU6 E 2R 25E 0 BEXTEE AL A LT (52274015) %0

e HEMEEWHTEEREH, HPHReWFATNTERE MR FE, G5l FERmRe
KEFEEER W, B, X% TRRENARAHRE HFERMRERLFTFNYHAER T HFLE, KT
B £ % 0 RS RFALFRE L RRR B, JF6 & R4k C AT 3 4] Rk C 1 BB 5 O R B4R AE
HATE M, BT ETHOR IR PFC2D AR DR ey SR s SRR, REW/ A —R R dh &, JUERERE, BMEH
EMRENLFRIL, oM T HEARSETHRE N FRFMREY RAENYE, FREN: e WRER
BEEEZXAHARKCAHHREFHRENY Y, TERESCEAMARA, HRENHMERESHRE FHRE
xR REZEZHRABCHREFHRENYH, HPREHEECEAMRRR. REFHERENR
REEEEMRKRR, ARERARRGEME N FET MR G RAERBT HEH,

XRpkinl BE; BRAAE; HFWR; BHAYTE; BHEEMN

4% TE357.1; P642.3

The influence of gravel grading parameters on the mechanical proper-
ties and crack propagation of conglomerate

ZHANG Jingru', YAN Wei', WANG Jianbo', LIU Lingtong?, JIANG Qingping’, FENG Yongcun'

1 State Key Laboratory of Petroleum Resources and Engineering, China University of Petroleum-Beijing, Beijing 102249, China
2 CNOOC EnerTech-Drilling&Production Co, Tianjin 300450, China
3 Research Institute of Exploration and Development PetroChina Xinjiang Oilfield Company, Karamay 834099, China

Received: 2023—-07—-07; Revised: 2023—-09-29

Abstract There are significant differences in the structural characteristics of conglomerate reservoirs, among which the
presence of gravel not only leads to strong heterogeneity of conglomerate, but also has a significant impact on the mechanical
properties and fracture development of conglomerate. At present, the influence of the composition of different particle sizes of
gravel on the mechanical properties and crack development of conglomerate is still unclear. This article cites the concept of inter-
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mediate gradation in soil mechanics to characterize the composition of different particle sizes of gravel, and quantifies the grading
characteristics using the curvature coefficient Cc and non-uniformity coefficient C, as grading parameters. A numerical model of
conglomerate based on particle flow PFC2D simulation software is established. The influence of gravel gradation parameters on
the mechanical properties and crack propagation of conglomerate is investigated by analyzing the stress-strain curve, compressive
strength, elastic modulus, and crack development status. The findings reveal that the compressive strength of conglomerates is
primarily influenced by the non-uniformity coefficient C, and the average particle size of gravel, exhibiting a negative correlation
with C,. Similarly, the elastic modulus of conglomerates correlates with the average particle size of gravel. The number of cracks
is affected by both the curvature coefficient C, and the average particle size of gravel, demonstrating a negative correlation with
C.. Conversely, the number of cracks positively correlates with the complexity of the fractures. These research findings offer novel

insights into exploring the mechanical properties and fracture propagation patterns of conglomerate reservoirs.
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Table 1 Rock sample data for numerical simulation
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Fig. 4 Numerical model of MH131-3 core sample
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Table 2 Comparison of mechanical parameters between core samples and numerical models

ZH FDFE Bl AR R 1%

YU IR E /MPa 56.5 59.4 5.1

PR /GPa 17.9 18.9 5.6
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Table 3 Micromechanical parameters for numerical simulation

25 s By IR /Pa WL FEHE AL PLAGREE /Pa BUSYSREE /Pa  NEEAES /°
HEJ5 AT RS 10.0 x 10° 5.0 0.5 50.0 x 10° 50.0 x 10° 35.0

¥e] AT RS 45.0x 10° 3.0 0.8 80.0 x 10° 80.0 x 10° 35.0
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Table 4 Information table for numerical simulation grade distribution

S A RLAZ I R ) ORL FT 9355 8 /%

2 2~3 3~4 4~5 5~6 6~7 7~8 8~9 9~10 10~11  11~12 12~13 13~14

Al 11.1 11.1 1.1 1.1 1.1 11.1 11.1 11.1 11.1
A2 167 16.7 16.7 16.7 16.7 16.7

A3 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7
B1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1
Cl 333 333 333

C2 333 333 333

C3 333 333 333
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Table 5 Grading indicators for value model schemes
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Fig.5 Gradation curves generated by numerical simulation
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Fig. 7 Stress-strain curves with different grading schemes
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Table 6 Mechanical properties with different grading schemes

o, bl C AR RRARIE N, SRR R W B C,
/N, SRR TR

T T %, C3 Mt iR/, Bl AP
(U= N 2N R oy 7 K E e N B 1
BN (2~4 mm), SFHERAR S PR AR B R A G SG
Z; YRR R KN (4~14 mm), “FIERR S e
Bt R AR

SRR i S B TR RGBT AR TR e R, 32 ]
ZHENEEW . SR L, SRR/, ERE
AR R, ORI RN A3 3R 5 5 T kL2
[ AW | Ak 71, NI 25 ) kAR RERTE AR,
FEAR TP B J1 . SR, 2455 B M RE T,
AR AT e AN T B 5 R A HR AR TE e
JIEEA . BRI OR S A B 25 B, A
M2 E R R S, R A A SR . LI
XA RRAR 5 R AR 2 TR A A DGPTSR A
S

3.2 WY REEE

PIESER T AL R f, Wil ey i 2, s
6 I IR AR T oA, WE 10, 11 B, 1E
PFC A, MU R S-ATEEBh 45 3200 IER, e

WAk R Al L A2 ML A3 I B1 K Cl ML C2 M C3
YU /MPa 66.69 57.42 54.41 55.33 60.06 70.24 73.90
FPER EE /GPa 21.17 21.58 21.43 22.15 21.44 21.34 20.61
1.3 ‘ ‘ ‘ 1 1 1 50 — 14
‘ ‘ ‘ | W #EREC § § o
15 | | | | | @ s
< § 1 § § A  Tm9z¥C, 1 12
‘ ®  THEZE/mm 4.0
1.1
3.5 10
1.0 — 3.0
8
09 2.5
2.0 6
0.8
1.5
0.7 4
1.0
0.6 — 0.5 2
52 54 56 58 60 62 64 66 68 70 72 74
HERE/MPa

B8 IEREFHEX N HIHLERE

Fig. 8 Compressive strength corresponding to different grading characteristics
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Table 7 Number and complexity of micro-cracks under different grading schemes
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Fig. 13 Number of cracks corresponding to different grading characteristics
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