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impact of poor cementing casing damage : A numerical simulation
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(D/t)p =[(A-2)* +8(B+(C /Y, )I*° +[(A-2)/2(B+(C/Y,))] (Y-\+)

el 0l (YT=F) gz 55 ke Conglive  Sieennd 1y DIt Jgud LB slocons

(Clinedinst, 1985) slus Sens Joo 8 o3gamme ¥V Jgo

GRADE D/t RANGE
H40 16.40 and less
50 15.24 and less
J55, K55 & D 14.81 and less
60 14.44 and less
70 13.85 and less
C/I5&E 13.60 and less
L80 & N80 13.38 and less
Ca0 13.01 and less
C95 12.85 and less
100 12.71 and less
P105 12.57 and less
P110 12.44 and less
120 12.21 and less
125 12.11 and less
130 12.02 and less
135 11.92 and less
140 11.84 and less
150 11.67 and less
155 11.59 and less
160 11.52 and less
170 11.37 and less
180 11.23 and less

29 gn e (Y-11) alayly Jansgd Stadly (KisenS ply 0 JBlao caaglie

P, =Y,[(A/(D/))-B]-C (Y-11)
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)| D/t L.SLQW'““’ 0090 Ls‘)" «_i.u...w)b M )J‘)J B JB‘» ngO.A 6‘;& (Y—\\) J}A}B

ay JE) S il 5 Cenglio b 38 alal, 5 jtie fad ool Js:3 L (DIt T b (D/tyve

(D/)er =Y (A-F)/[C+ (Y, (B-G))] (Y-\V)

el ol (F-Y) Jgar 55 Sadly  KideenS DIt Jgud LB 03500 5 La,5:5T

(Clinedinst, 1985) ceodly  SseenS slyp DIt ssgase § Jgo 3 (slo, 51 :F-Y Jgo

GRADE A B C D/t RANGE
H40 2.950 0.0465 754 16.46 to 27.01
50 2.976 0.0515 1056 15.24 t0 25.63
J55, K55 & D 2.991 0.0541 1206 14.81 to 25.01
60 3.005 0.0566 1336 14.41 to 24.42

70 3.037 0.0617 1656 13.85 t0 23.30
C75&E 3.054 0.0642 1806 13.60 to 22.91
L80 & N80 3.071 0.0667 1955 13.38 t0 22.47
C90 3.106 0.0718 2254 13.01 to 21.69
C95 3.124 0.0743 2404 12.85 to0 21.33
100 3.143 0.0768 2553 12.70 to 21.00
P105 3.162 0.0794 2702 12.57 t0 20.70
P110 3.181 0.0819 2852 12.44 t0 20.41
120 3.219 0.0870 3151 12.21 to 19.88
125 3.239 0.0895 3301 12.11 to 19.63
130 3.258 0.0920 3451 12.02 to 19.40
135 3.278 0.0946 3601 11.92 to 19.18
140 3.297 0.0971 3751 11.84 to 18.97
150 3.336 0.1021 4053 11.67 to 18.57
155 3.356 0.1047 4204 11.59 to 18.37
160 3.375 0.1072 4356 11.52 to 18.19
170 3.412 0.1123 4660 11.37 t0 17.82
180 3.449 0.1173 4966 11.23 to 17.47
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P =Y.[F/((D/t)-B] Y-\Y)

DIty 5| (DI polie o3gume sl JUiil Kiseeed ol 53 S8l Caoglie sl (T-IY) g 3
adal) 5l SVl (K55 plp o gl b abasl) () S ilie Juad L35, 00,15 40 (DITE B

(D/t)e =[2+(B/ A))/[2B] A] (Y-\%)

Lol ol (Y-0) Jgo jo Jnl Sisens Jgo,8 slp (D) Joud b oogasme g o, guSe

.(Clinedinst, 1985) Jlil Sisend lp DIt ssgama g Jge,8 slo,e:56 :0-Y Jgax

GRADE F G D/t RANGE
H40 2.063 0.0325 27.01 to 42.64
50 2.003 0.0347 25.63 to 38.83
J55, K55 & D 1.989 0.0360 25.01 to 37.21
60 1.983 0.0373 24.42 t0 35.73
70 1.984 0.0403 23.38 to
C75&E 1.990 0.0418 33.17
L80 & N80 1.998 0.0434 22.91t0 32.05
C90 2.017 0.0466 22.47 t0 31.02
21.69 10 29.18
C95 2.029 0.0482
100 2.040 0.0499 21.33 to 28.36
P105 2.053 0.0515 21.00 to 27.60
P110 2.066 0.0532 20.70 to 26.89
20.41 to 26.22
120 2.092 0.0565
125 2.106 0.0582 19.88 to 25.01
130 2.119 0.0599 19.63 to 24.46
135 2.133 0.0615 19.40 to 23.94
20.41 to 26.22
140 2.146 0.0632
150 2.174 0.0666 18.97 to 22.98
155 2.188 0.0683 18.57 to 22.11
18.37t0 21.70
160 2.202 0.0700
170 2.231 0.0734 18.19 to 21.32
180 2.261 0.0769 17.82 t0 20.60

17.47 to 19.93
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S| KidemnS (g

S35 dpmila (T-15) by (Y-10) Luly, alsg 4y SVl (SoeS ol 55 Conglin J3l

P. =(2E/1-v*)/[(D/t)((D/t)-1)*] (Y-10)

p.=46.95*10° /[(D/1)[(D/t) -1]*] %)

ol ol (F-Y) Jgaz 50 Sl Kt sl (DIt) sl a3, I e0game

.(Clinedinst, 1985) ¥l Sens sl DIt osgase #-Y Jgo

GRADE D/t RANGE
H40 42.64 and greater
50 38.83 and greater
J55, K55 & D 37.21 and greater
60 35.73 and greater
70 33.17 and greater
C/i5&E 32.05 and greater
L80 & N80 31.02 and greater
C90 29.18 and greater
C95 28.36 and greater
100 27.60 and greater
P105 26.89 and greater
P110 26.22 and greater
120 25.01 and greater
125 24.46 and greater
130 23.94 and greater
135 23.44 and greater
140 22.98 and greater
150 22.11 and greater
155 21.70 and greater
160 21.32 and greater
170 20.60 and greater
180 19.93 and greater
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A=2.8762+(0.10679*10°°Y, )+ (0.21301*10°Y,%) — (0.53132*10°Y,*)  (Y-\V)

B = 0.26233 +(0.50609*10°°Y,,) (Y-\A)

C =—465.93+ (0.30867Y,) — (0.10843*1077Y,,) + (0.36989 *10 Y, %) (Y-19)
F =46.95%10°([(3B/ A) /(2 + (B/ A))*1/[Y, (3B A) /(2 + (BI A)) — (BI A)(@— (3B A) /(2 + (B/ A))?])
(¥-Y+)

G=FB/A (Y-YY)
S A S abool y - Y-V -)-Y

OS5 o g 4z bl o 1) (SodeenS ol 50 Canglie (0225 slage 3 Conip a5

Sy9] Cwd as o adgs APL (s o alg) g9 7 5l Sanles 4 SoeS Ol YYVY (L]
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.(Clinedinst, 1985) 543 o

P, = 47.94*10° L (F=7v)
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P, =1.123*10° A (¥-¥%)
P (D /t)2.096—3.432*10

1 _
P =2 o s (¥-v%)
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Sl T gl s akal, g 08,5 (18 L ayues

P, =1.918*10° (D /t)2°°%7% (|/ D)% EXP[(-0.108*O, ) — (0.00293* E.) + (0.00141R )

Y-Yo)
50 5 Lol Kk sl Jg0,d ~Y-Y-1- ¥

(5 5 570 6 NS ,L L5t o] ys a5 |, (Y-Y#) alal, (Tamano et al,1983) 1, Ses 5 gilels
singed )] 6l 4yl e Cenglio pmads (sl Cand 00 Llod suilandl i 5 K

PA = O'S(PE + PYA) _((O'ZS(PE - PYA)2 + PE PYAH )0'5 Y-Y%)

Ngler et p) kil 5l 398 alal) 0 525 sla el

H =0.066800, +0.00049E, —0.1429R /Y, Y-YY)

D/t)-1) 1.49 B oz (Y-TA)
D107 U 5 (08864, /Y2)")" ~0.86(5, /Y.))

Pa = (ZYP ((
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30 Snglie ol j9daie 4 1, (Y+-Y) alul, (Tokimasa and Tanaka, 1986) UL 4 LuleS g5
wasledly 2 50 4 aslosls anwgs sgacme izl Jdow 5 ajen olul p (Siend il

Lol 0ol Bld ol jo S g x>

Pz = Fov *Fgs *Fes & By ~-Y+)

Hlid Per oasledl i (95508 Frs o X ,951 Fec o Siw> 0,556 Fov (399 alal, o

O b (S (S 4565 gd e Ayl (SienS plp 0 Caglie Po (Sl o (Sl

il o onilogdl
P, = (2E/(1-v?))(t/ D)? (Y-*V)
Feo = Fpg =1 (Y-YY)
Fov = 2B/(A? —4B)® (Y-YY)
A=1+15%0, ((D/t)-1) + (L-v?)Y, /E)(D/t)((D /1) -1) (Y-Yf)
Foy =1-r(1- 2 5 ) (Y-Y0)

A_
A+ (A% —4A)?

(=1 . Y0 5l 58,5 DIt ol 5 1=0.956(D/t) -1.14 V¥ 51 2555 5 YO 51 zaS DIt ol

I:)o = (2Ye70.4%)(D/t)2((D/t) _1) Y-Y%)
Foo =1-E, /2 )
-Tokimasa

"-Tanaka
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Faso b Frsy 5l 58 Frg oo 51 25,5 RS 5 Fog =1+0.8RS/Y, v 5| SRS (ol

|
Frs =1+0.8Rs /Y, (Y-YA)
Frso = 2(@L+0.8R, /Y, ) /(L + (1—2(t/ D))?) (Y-¥9)

2598155 9" (ome Jgo,8 -¥-V-1-0

Cnglie s i jedate an |, (Y-F+) ala) (Issa and Crawford, 1993) 5,581, 5 cwue

Lo ol )b olwl 1 K8 jLad o oo 4,00 dolee opl ol s 4 Si5elS

E ar ¥ Joas Yy olss muls Coglin DIt olas Cualis 4y ,had cos aiile 5 550

2l o€ dg) (S 5 S Ay (S
P=P,(D/t,Y,,E)g(s,D/t)h(e) (Y-¥+)
Lo, sloadyl sl S8 &b olsie 4 Po (B Yp DIty gl S Ld P o] 5 a8

el W) S g Koz s dlne gl 2205 mls ci g 4 h (@) 59 (DI S) (b 5 LolS

Lol 00l iy 23 5 O g0 4 @ilgi (0l

P, =[1/2(P. +Pap) —1/ 2{/(P. —P)?] -1
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sl oo Az= VYYYAA A=0.1295.A1=7.0333 (Y-fY) akail, ;o

1
S,D/t)= v

9 ) 1+[B, + B, (D/1)]S® A
sl o Bi=+, ) V€A (Bp=0.5972 «B5=0.7618 (Y-¥f) alayl,

H(e) = (1-e)(L+ C, 7 +Cy) =T

il oo Co=-1.127Y 4 C1=0.8123 «(Y-Y0) akal, ;o
byl 9 plewles Jgo,d -Y-V-)-F
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Abstract

Determination of the ultimate strength of casing due to its critical role in
drilling and production phases is significantly important. The parameters
involved in reduction the strength and collapse of casing can be divided
into two categories: intrinsic and environmental parameters. Among these
parameters diameter to thickness ratio, eccentricity, formation type,
temperature and pore pressure are of the most important ones. In order to
determine the ultimate strength of casing, empirical formula and numerical
methods are commonly used. However, empirical methods are not able to
provide reliable results due to lots of assumptions and neglecting some of
the effective conditions causing casing to damage. That is why numerical
methods are being found as an effective approach in determination of
strength of the casing. In this study, to simulate ultimate strength of casing,
and prediction of casing collapse, mechanical properties of formations were
firstly estimated through utilizing of well logs data and used for modeling
by nommercial ABAQUS software. Sensivity analysis was performed some
parameters effective on casing strength. Results obtained from this 3D
modeling indicated that stress anisotropy and diameter to thickness ratio

are the most important parameters may cause casing to damage.

Keywords: Casing, Ultimate Strength, Geomechanical parameters, casing

collapse
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