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Study on the variation law of bottom hole stress field with bottom hole

pressure difference based on finite element method
XTI Jingyang
(Drilling Technology Research Institute of Shengli Petroleum Engineering Corporation Limited, Sinopec,
Dongying Shandong 257000, China)
Abstract: The crushing of the rock is the result of the interaction between the drill bit and the bottom hole plane rock,
and the bottom hole stress field is an important factor determining the rock fragmentation effect of the drill bit. In this
paper, the finite element numerical simulation method is used to discuss the regular pattern of bottom hole pressure
difference on bottom hole plane rock stress under specific ground stress conditions. To consider that reduce the bottom
hole pressure can reduce the equivalent stress of rock, changing the stress state of rock, which is conducive to rock
breaking by bit. At the same time, it is concluded that the rock near the center of the borehole is the most easily broken,
and the rock stress value near the borehole wall is the largest. There will be obvious stress concentration near the
borehole wall 0.8R (R is the radius of the borehole) , which makes the rock in this area the most difficult to break. It
provides theory basis for the study of the most economical, effective drilling and breakage rock technology.
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Fig.1 The schematic diagram of bottom hole pressure
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Fig.2 Numerical analysis of bottom hole stress field
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Fig.3 The flow chart of finite element numerical solution
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Table 2 Stress boundary conditions under

different drilling methods

it JFIZHEIRHN 1/ MPa  JF2 )R HEE 2 /MPa
LN o, on o, Pa

KV 60 50 45 -8/-6/-4/-2
I 60 50 45 0
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Fig.4 Schematic diagram of radial stress analysis

path for plane rock at bottom hole
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Fig.6 Distribution of maximum and minimum principal

stresses under different pressure difference
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under different analysis paths
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Fig.11 Comparison of influence of bottom hole pressure difference on equivalent stress of bottom hole rock
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Fig.12 Comparison of influence of bottom hole pressure difference on maximum principal stress of bottom hole rock
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5548 B 55 5 1)

JES S5 B < 35 T BRI 1 T ISR 97 37 BB O I 22 7 A AR T 5 67

SR UL, AR IS T 22 T LR R T
JO7 3 MR 25 2 W 1) 2 B AR 1) SR T B A
PR oM R = P RO A LB A 2 T
Z AL A AT R I 5K T, 53X A4S Y 5K T S R
A T 2 R HOIR A K R 8 IR A A BN TR A A
BIFIR . BEIF R B ORG240 BOAE IR Y
TBORE I 7 AT RS 2 s A T LB s T 36 e 4 B Y
CHOMIETROR Bl AR PR 0 R 3 R IR AR
Y8R B R 22 I R AR, RIS U
AR ARG, i 40 B A o0 LB g 1R T A P sl s
A TR 7 U B ) W R

4 25

(1) I HIA BROCECE 73 A BB e 7 1 JiSF T
IS T3 5 0 3 BT RERL 45 6 I I e A 1 32 1 o0 B, Sl
T —BIBT T T 2 X i 1T A L 1 39 4 2
M B 4 07 5

(2) %5 IR 22 T, IR IR i A AR Ao 3]
JrBE B A28 ) 7 1) b A D 138 A HE R A 0.8 R B
AT H BB A R ) A T AR 5 A AR ROK S R )
(G240 N = Sy R (R A0 N R N S AP B S
Il /1N

(3) AN Al B I e s 22 X 2 A 3 B R A B N
WRASHRA R, AT A% T 22 6 A A1 9 55 5 v
s 22 AR, [) BRF S RS 25 th B A2 Hr B4 O, B AR
T AR

5 % 3C#f (References) :

[1] Bourgoyne A T J, Millheim K K, Chenevert M E, et al. Ap-
plied drilling engineering chapter 8 solutions[J]. 1986.

[2] Garnier A J, van Lingen N H. Phenomena affecting drilling rates
at depth[J]. 1959.

[3] BR/NAR, BB R AEOL T, 45 JE T KL RE TH 2 A7 Kaiser 800

B DX SO0 ) S B o H [T ] B2 4R 5 TR, 2016, 16(29)
306-311.
ZHANG Xiaolin, HAN Aiguo, REN Guangming, et al. Based
on a certain tunnel sandstone kaiser effect test and the regional
stress field numerical analysis[J]. Science Technology and Engi-
neering, 2016,16(29):306-311.

[4] SR IN  Ad)2 oty B 2 107 g 37 400 0 0 204 2 BR S FC R (7] )
SR TR, 2013,13(2) :446-449.

CAI Zexun. Paleo-structural stress field simulation for fracture
prediction and its application[J]. Science Technology and Engi-
neering, 2013,13(2) :446-449.

[5]

[6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

BLRGAE | Sy WA KT 52 1) 2 B XU 2F %6 XA AL AR 5 A R AL
ARG [T]. 0 Rl TR L2741, 2018, 26(5) : 1130-1139.
ZHU Xiaohua, YI Qinjian. Rock breaking efficiency analysis of
two-stage roller reamer in horizontal directional drilling[J]. Jour-
nal of Basic Science and Engineering, 2018,26(5):1130-1139.
FE QAL PhITHLAF TRV IR S X Al 6 2 0 23
[J]. A B 5 TR, 2008, 22(5) : 113-114.
LI Yufei, MENG Yingfeng, SUN Wanli, et al. Analysis of ef-
fect on drilling rate under different drilling conditions[J]. Petro-
leum Geology and Engineering, 2008,22(5):113-114.
TR/t TRDVI A5 13 T3 35 03 A R E W 52 [T ] Bl HR 5 TR
2012,12(21):5366-5370.
ZHENG Xiaoyan. Study of the stresses field characteristics of a
high valley slope [J]. Science Technology and Engineering,
2012,12(21):5366-5370.
Maurer W. Bit-tooth penetration under simulated borehole condi-
tions [J]. Journal of Petroleum Technology, 1965, 17 (12) :
1433-1442.
WIEE A DEER AR = s ) 28 AN [ BT
PETIFE R ) 5[], 24 4 J52%, 2011,32(5) : 1546-1552.
CHANG Deyu, LI Gensheng, SHEN Zhonghou, et al. Study
of bottom-hole stress field with differential pressure of 3D in-situ
stress under different drilling conditions [J]. Rock and Soil Me-
chanics, 2011,32(5) : 1546-1552.
S VLR B S5 B T IR E O IR R R I ) A IR T
BERILT]. ATl 241, 2006,27(6) : 133-136.
PENG Ye, SHEN Zhonghou, FAN Shenghua. Finite element
model for analyzing stress field of bottom hole based on excavat-
ing method[ J]. Acta Petrolei Sinica, 2006,27(6):133-136.
FE R 0 AR AR NP IR A A1 2 1 4 BT A R
ML E R [ T]. AR 12, 2008,31(2) : 1-2.
WANG Yanmin, MENG Yingfeng, LI Gao, et al. Research
on the influence of gas drilling on penetration rate[J]. Drilling
&. Production Technology, 2008,31(2):1-2.
MR SRR XA A s SR T T AR I A )2 T A ) L
HPT[T] BRI 2, 2007,30(3) : 7-9.
LIN Tiejun, LIAN Zhanghua, LIU Jian, et al. Discussion on
the rule of well deviation and stratigraphic dip in air drilling[J].
Drilling & Production Technology, 2007,30(3) :7-9.
WAL RS BRI BRI IR R 1 5 1] A
4R ,2011,30(4) :697-703.
CHANG Deyu, LI Gensheng, SHEN Zhonghou, et al. The
stress field of bottom hole in deep and ultra-deep wells[J]. Acta
Petrolei Sinica, 2011,30(4) :697-703.
SRR W] R B R A Y B 5 T i (ML R [
JR A AL, 2001
TANG Huiming. Theory and method of engineering geology
simulation [M]. Wuhan:

numerical China University of

Geoscinces Press, 2001.



68 BiR TR 20214E 5 A
[15]  #EA B, it A . i Hb e B ) R 28 3 S S B 5 [T ] A i R [21] % U AR 225 56 QLU IF IR 98 R M 1k 2y J 2 B3
T.20,1995,17(6) : 25-27. Leah bl #e L] AieAdi, 2020,41(2) - 244-252.
DONG Shiming, SHI Taihe. Laboratory research of stress and LUO Chengbo, JJANG Zujun, LI Gao, et al. Dynamic mecha-
strain field under bottom of borehole[J]. Oil Drilling & Produc- nism and dynamic evolution process of sudden rock burst in QI1
tion Technology, 1995,17(6) :25-27. well[J]. Acta Petrologica Sinica, 2020,41(2) :244-252.
[16]  REBEBH . LT I % B He 4T 5 A 3 5% 0 1) 3 ORI 52 (D . [22] WGk, g0 AR A R RIS e R L B ) A
JRAR < VY K 2, 2012, HALLT] R TE,2019,39(7) :99-105.
XI Jingyang. Study on the acceleration effect based on the influ- LUO Chengbo, MENG Yingfeng, LI Gao, et al. Mechanism
ence of bottom hole depressurization on rock strength [D]. and dynamic process evolution of bottom hole rockburst in nitro-
Chengdu: Southwest Petroleum University, 2012. gen drilling[ J]. Natural Gas Industry, 2019,39(7):99-105.
[17]  wakom, o Rl 223, 45 B T IR IR R 1 3 BB BT 52 [23] BPORR, A BN VF KR, 5 T 2 AL ) e 0 R
[T] AL, 2013,41(5) : 11-14. B 3 A L. b iR A2 4 (A AR 0D L 2020, 44
HUANG Zhigiang, ZENG Qike, LI Qin, et al. Numerical sim- (5):52-61.
ulation of bottom hole stress field in gas drilling[J]. Petroleum HU Huaigang, GUAN Zhichuan, XU Yugqiang, et al. Analysis
Machinery, 2013,41(5):11-14. of deep well bottom hole stress field based on porous elasticity
[18] XA, 3cZE, 447,55 AR5 Ry 1 37 v - 1 80 3 0 72 1 B Rl o theory [J]. Journal of China University of Petroleum (Natural
AL AL 3 Jy o AL [T]. A 4 122 5 TR 24, 2018, 37 Science Edition) , 2020,44(5):52-61.
(5):1115-1125. [24]  WIMNAS 25 080 95 0 | 55 R o o A B0 Bl R A ) o0 A R
XIA Yang, WEN Hao, JIN Yan, et al. Elastic dynamic re- 19 3 75 1 [, A1 LA , 2020-10-16, DOT: 10.16082/j. enki.
sponse mechanism of borehole surrounding rock during unload- 1ssn.1001-4578.2021.01.002.
ing in heterogeneous stress field[ J]. Journal of Rock Mechanics HU Pengjie, LI Zhonghui, JIANG Zhanfeng, et al. A new
and Engineering, 2018,37(5):1115-1125. method for determining the spatial distribution of rock resis-
[19] W #EPE Ao Scat, EIFE B W -0 IR G VE R iyl 122 58 I tance to drilling[J]. Petroleum Machinery, 2020-10-16, DOI:
FEBUE AT LT]. RN, 2019,41(4) :139-143. 10.16082/j.cnki.issn.1001-4578.2021.01.002.
ZENG Xiangxi, HE Wenshe, WANG Kaixi. Numerical analy- [25] BT . o 0 7 A bt )2 B B B R A [T ] ob A I R
sis of shaft excavation near reservoir under seepage stress cou- b T bR S5 i, 2020,40(9) : 162, 166.
pling[J]. Yellow River, 2019,41(4):139-143. XTIA Guanggiang. Analysis of drilling speed increase technology
[20] T TRE MR PR 28 00N e i s [T ). op B A ah A4k T in high abrasive hard formation[J]. China Petroleum and Chem-

BRI L, 2018,38(24) :16-17.
DONG Yu. Influence of engineering geological factors on drill-
ing speed increase [J]. China Petroleum and Chemical Stan-

dards and Quality, 2018,38(24):16-17.

ical Standards and Quality, 2020,40(9):162, 166.

(m#E F7)



