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effective sealing of contact points between cement ring, borehole wall and pipe. pacTBopa cnoco6CTBYeT AGEKTUBHOMY YNNOTHEHNIO KOHTAKTa LIEMEHTHOTO KOSbLia CO

However, there is no simple method for determining the value of the contact pres- CTEHKOI CKBXWHbI 1 KONOHHOW, OfHAK0 HET 0CTATO4HO NPOCTOr0 MeToAa onpefjene-
sure of the expanding cement stone on the walls of the well. Samples of cement stone  HUSt BENWYMHBI KOHTAKTHOTO AABNEHIS PACLUMPSIOLLEroCs LLIEMEHTHOrO KaMHsl Ha CTEHKM CKBa-
extruded from the cylinder bushing remain the most common way to assess the cohe-  uHbl. Hanbonee pacnpocTpaHeHHbIM CNOCO60M OLEHKW NPOYHOCTU CLiENNEHINs LLEMEHTHOIO
sion strength of cement stone and its bounding surfaces. This testing method evalu-  KamHsi ¢ OrpaHM4MBAIOLMMI €€ MOBEPXHOCTAMM OCTAETCA BblAaBNNBAHME 00Pa3L0B LieMEeHT-
ates shear stress on the surfaces of contact between cement stone and inner surface  HOro kKamHsi U3 LAAMHAPKUYECKOIA BTYAKIA. [p1 3TOM CMOCO6€ MCMbITaHNi MOryT OnpefensiTb-
of the bushing. A HANPSKEHNA CABUIA HA NOBEPXHOCTAX KOHTAKTA LEMEHTHOrO KaMHs C BHYTPEHHei noBep-

However, the tightness of the contact between cement stone, pipe surface and bore-  XHOCTbIO BTYNKN.

hole wall depends mainly on the value of normal pressure in the contacting surfac- (0AHAKO repMeTNYHOCTb 30HbI KOHTAKTA LEMEHTHOrO KaMH$ C MOBEPXHOCTbIO KOMOHHbI 1
es. Therefore, the extrusion force and determined by it shear stress not always charac-  CTeHKOW CKBaXWHbI B OCHOBHOM 3aBUCHT OT BENNYMHbI HOPMaNIbHbIX HANPAKEHNIA B KOHTAKTH-
terize well casing integrity using cement sheath pytoLLMX NOBEPXHOCTSX. [103TOMY YCUAME Bblaas-
— borehole wall contact surfaces. For example, @ Fig. 1. Schematics of a device for determining shear Stress  jyganus u onpegensembie no Hemy KacarenbHsie
extrusion of settled cement stone (using cylin-  on displacing cement sheath with the inner cylindrical sur- HanpsKEHUS He BCEr/1a XapaKTepayIoT repMeTiy-
drical bushing) also requires great effort, which ~ face. HOCTb Kpenu CKBXWHbI N0 KOHTAKTHbIM MOBEPX-
depends on friction value between the cement @ Pwuc. 1. CXxema npucnoco6neHus ans onpefeneHus HOCTAM «LIEMEHTHOE KOSbLIO — CTEHKMN CKBXKWHbI».
stone and metal surface, although there is prac-  yanpseHuii npu cABMre LUEMEHTHOrO KOIbLA C BHYTPEHHEN Tak, Hanpumep, v NPy BbIZABNMBAHAN LIBMEHTHO-

As known, expansion of cement stone after the start of cement setting ensures KaK 13BECTHO, PACLUMPEHHE LIEMEHTHOrO KaMHsi NOCNe Hayana CXBaTbIBaHNSA LiEMEHTHOIO

tically no normal stresses between the cement UMTMHAPHYECKOH MOBEPXHOCTbIO.

stone and bushing surface.
Application of self-expanding plugging mate-

IF'

T0 KaMHS U3 LUMTMHAPUYECKOA BTYIIKN, KOTOPbIi
IMEET YCafKy, TaKxKe TPeGYeTcs [0CTaToqHOe
607blUOE ycunue, KOTOPOE 3aBUCHT OT KO3M-

rial between the cement sheath and the con- 7 (uumeHTa TPEHUA MEXLIY LEMEHTHBIM KamHeM i
tacting surfaces (during cement stone expan- METaNNNYeCcKOA MOBEPXHOCTbIO, XOTS HOPManb-
sion) produces normal stresses that contrib- 2 Hble HANPHKEHNA MEXAY LEMEHTHbIM KaMHeM W
ute to better sealing between the cement sheath CTEHKOI BTY/KW NPaKTU4ECKM OTCYTCTBYIOT.
and the surrounding surfaces. For self-expand- Mpy NpUMEHEHUN pacLUMPAIOLLMXCS Tamno-
ing cement, bushing extrusion force is great- 3 HOKHBIX MaTepuanoB MeXay LeMEHTHbIM Koflb-
er because of the impact of normal stresses on LiOM ¥ KOHTAKTUPYIOLLAMIA C HIAM NOBEPXHOCTSIMU
the value of shear friction. Having defined, by £ TIPM PaCLUMPEHVU LEMEHTHOTO KaMHA BOSHUKAIOT
standard methods, the friction ratio between HOPMaNbHbIE HAMPSXKEHs, KOTOPbIE COCOOCTBY-
the cement stone and the bushing, we can also 10T NOBbILLIEHWIO FEPMETUYHOCTI 30HbI KOHTAKTa
determine the value of the normal stresses gen- 5 LIeMEHTHOT0 KONbLia C OrpaHn4MBatoLLMMK MOBep-
erated by expanding cement stone. XHOCTAMU. YCWnue BblAaBNMBAHUA LEMEHTHOMO
Extrusion force P is defined by: KaMHs 13 BTYNKK AN pacLlupaioLLmxcs LLEMEHToB
P=k sN+T45F, (1) 0Ka3blBaeTca GoNblue 13-3a BUAHUS HOPMAslb-
Where - friction ratio; & HbIX HANPAKEHWA Ha BENMYUHY TPEHUA NpU CBU-
N - standard pressure force; re. OnpefenuB U3BECTHbIMK MeToZaMK K03dhdu-
1., — cohesion stress on displacing LIMEHT TPEHMS LIEMEHTHOTO KaMHs C MOBEPXHOCTbIO
cement stone with a contact surface; marepuana BTYKN, MOXHO ONPefenuts v Benn-
F~the area of contact between cement YUHY HOPMASIbHbIX HAMPSHKEHNIA, CO3[aBaEMbIX
stone and the bushing. LIeMEHTHbIM KaMHEM MY ero pacluMpeHinu.
Dividing the expression (1) on the area of the Cuna BblgaBnnBaxns P onpegensiecs no gop-
contact Fk gives us values of shear stress and Myne:
normal stress appearing at the contact between ' P=k N+T,9+F, 1)
cement stone and bushing surface. As a result, 1 - punch, 2 - inner ring, 3 - cement stone, 4 - outer ring, 5 - split ring, 6 - T K — KO3(MULMEHT TPEHNA CKONbXKEHUS,
we get: holder; N — cuna HopManbHOro JaBeHus;
T=K0+Tg (2)  1-nyaHcoH; 2 - BHYTPEHHEE KOMbLO; 3 - LIEMEHTHbIH KAMEHD; 4 - BHELIHEE T,5— HaNPAXEHMe CLENNeHNA Npy casu-

KOnbLO; 5 - ynopHoe KonbLo; 6 - o6oiima.

o)

e LIEMEHTHOr0 KamHs C NOBEPXHOCTbH0 KOH-
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NEMEHRNVIEOBAHWVE!

) PAS[IE/N PEKNIAMHbIX CTATEN

where o — normal stresses on the con-
tact surface.

Given that absence of expansion means
no normal stress on the point of contact
between cement stone and bushing sur-
face, i.e., N =0, formula (1) becomes:

P=145+F, (3)
this determines the cohesive force
7,5 between cement stone and the bush-
ing. As a result of the equation (2), know-
ing the friction ratio of the cement stone
and metal, we can determine the normal
stresses at the point of contact between
the cement sheath and the surrounding
surface.

NOBEPXHOCTbIO.

o=T ) ()

<

To determine the contact stresses
applied by the expanding cement stone - =
onto surrounding cylindrical surface, we
use the method presented in work [1].

By this method, bonding force is deter-
mined by the displacement of the cement
sheath relative to surrounding concen-
tric rings which simulate inter-tubular or
annular space in the well. Cement mortar
is grouted into the annular cavity formed
by two cylindrical casings. Shear stress on

® Fig. 2. Schematics of a device for determining cohesion for
the cement sheath with the outer surrounding surface.
@ Puc. 2. Cxema npucnocobnexns gna onpefeneHus
CLENNeHns LEMEHTHOIO KONbLa C HAPYXHON 0XBaTbIBAOLLEN

TaKTa;
F,— nnoLLazb KOHTAKTa LIEMEHTHOTO KaMHs
CO BTYNKOM.

HopmanbHble HanpskeHns, BO3HMKAKOWMNE HA
KOHTAKTE LEMEHTHOr0 KaMHA C BHYTPEHHEN CTeH-
KOV BTYNKIA 1 HANPSKeHINSt Mpy CABMIe ONpeaensioT-
Cf1 fieneHnem BbipaxeHus (1) Ha NNoLWazb KOHTaKTa
Fk. B pesynbtare nonyyaem:

{ T=K.+0+Tg (2)
r4e 0 — HOpMaSIbHbIe HANPSKEHNA HA NOBEPXHOC-

TI KOHTaKTa.
z Y4yuTbIBas, YTO MPU OTCYTCTBMM PacLUMPeHus
TaKXe OTCYTCTBYIOT HOPMasbHble HANPSXeHUs no
KOHTAKTHbIM MOBEPXHOCTAM LIEMEHTHOrO KamHs CO

- E cTeHkamu BTynku, T. e. N =0, hopmyna (1) npuHu-
- Maert Bug;

77 4 P=Tg0F, ®)

i 4 U3 3TOTO OMPEAENsieTcs Cuna CLENNeHUs Ty

B LIEMEHTHOTO KaMHSi C MOBEPXHOCTbIO BTYNKN. B

pesynbTate U3 opmynbl (2), 3Has KO3(HOULMEHT
TPEHWUS LIEMEHTHOr0 KaMHA C MeTannoM, MOXHO
OMPEAeNUTL HOPMaNbHbIE HANPSKEHNA, BOSHUKAI-
LLWe Ha KOHTAKTE LIEMEHTHOTO KOMbLia C 0XBaTbIBAIO-
LMK €€ NOBEPXHOCTAMN.

P Y (4

[ing onpenenexns KOHTaKTHbIX HANPSXXEHUIA, pas-
BIBAEMbIX PACLUNPAIOLWINMCA LIEMEHTHBIM KAMHEM C

the inner surface, simulating a column is
determined by applying load to the cement
stone as shown on Fig. 1.

Shear stress at displacement of cement sheath with outer surrounding surface (the
borehole wall, or annular space - between the inner wall of the outer columns) is deter-
mined by applying a load as shown on Fig. 2.

Tangential shear stress on displacing the outer surface is defined by equation 5

P
To=F (5)
where P - extrusion force, kN;
F,,—area of contact between the cement ring and the inner surface of the outer
ring.
Cohesion on the inner surface is defined by equation 6

0XBATbIBAIOLLAMI €€ LMAMHAPUYECKIMI NOBEPXHOC-
TAMM, BOCMONb3YEMCH METOAMKOW, NPEACTaBNeHHOM
B pa6ote [1].

Mo faHHoi MeToaWKe, CLUENNeHne OnpeaenseTcs CABUrOM LEMEHTHOTO KOfbLa OTHO-
CUTENbHO 0XBATHIBAIOLLAX €€ KOHLEHTPUYECKUX KOMEL, MOAENMPYHOLLIMX MEXTPYOHOE Wnu
3aTpy6HOE MPOCTPAHCTBO CKBAXMHbI. B hopmy, npeacTaBAsiolyto Co60 KOMbLEBYH
non0CcTb, 06pPa30BaHHyH0 ABYMS LMINHAPUYECKIMY 060M04KaMK, 3aNNBAETCH LIEMEHTHbI
pacTsop. Hanpsikexue npu CABUrE NO BHYTPEHHEN NOBEPXHOCTU, UMUTUPYHOLLER KONOHHY,
OMpejenseTcs NpUNOXeHNeM Harpysku Ha (opmy C LEMEHTHbIM KaMHEM N0 CXeme, npej-
CTaBNeHHO Ha puc. 1.

HanpsxeHust npu caBUre LIEMEHTHOrO KOJbLia C HApY)XXHOI 0XBaTbIBAIOLLENA 060/104KON
(CTEHKOW CKBaXWHbI Ui, AN MEXKONOHHOTO NPOCTPAHCTBA, — C BHYTPEHHEN CTEHKON BHE-
LUHEN KOMOHHbI) ONPEAENsOTCA MPUNOXKEHIEM HArPy3KM M0 CXeME, YKa3aHHOI Ha puc. 2.

KacarenbHble HanpsHKEHUS Npu CABUTE MO BHELIHE NOBEPXHOCTU ONPeAensioTes no
topmyne 5

@ Impact of the SIGB expansion additive on the parameters of cement slurry and cement stone expansion 1'“,:% (5)
©® Bnusnue pacwmpsrowencs no6asku mapku CUMb Ha napamMeTpbl TAMNOHAXHOr0 PacTBOPA U PacLUMpeHue !

LLIEMEHTHOro KamHs

e P —ycunue BblfaBnnBa-
Hus, KH;

HectoulrasEBPA3UA

Liquid composition, % Average Expansion of cement-stone mix after 48 Fy=nnowagy KoHTaKTa
No. / Ne Coctas cmecu, % W/C ratio |  diameter, oc hours, % LIEMEHTHOTO KoMbLia C BHYT-
n.n. PCT 1-50 RD “SIGB” B/l mm PaclmpeHne LeMeHTHOro paETBODa-KaMHﬂ PEeHHel NOBEPXHOCTbIO BHE-
nuT 1-50 PL «CUTE» Acp., mm 4epes 48 4acos, % LIHEro KOMbLIa.
CuenneHne Mo BHYTPEHHEI
L 1 ) LE 2 = . MOBEPXHOCTI ONpeaenseTcs no
1 99 1 05 238 22 0.147 thopmyne 6
P
2 98 2 0.5 242 22 0.226 fo=F (6)
3 97 3 0.5 247 22 1.27 rae P - ycunue BbifaBnuea-
Hus, KH;
4 96 4 0.5 250 22 1.95 FB — NoLLaab KOHTaK-
5 95 5 05 255 22 3.80 T2 LEMETHOTO KONbUa €
Hapy)XHOit NOBEPXHOCTbIO
6 94 6 0.5 260 22 6.60 BHYTDEHHETO KOMbLA.
B Tabnuue npueepeHbl noka-
7 92.5 7.5 0.5 267 22 9.51 3aTeni TaMNOHXXHOro pacTso-
pa W BENMYMHA pacLUMpPeHus
8 90 10 0.5 274 22 12.79
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Shear stress, MPa LIeMEHTHOT0 KaMH$ B 3aBUCUMOCTI OT KONIM4ECTBA PacLUnpsio-
HanpsikeHue casura, MMa Ljeincs 1o6aski CUTG.

3,0 Mpu manbix Konudectsax P (1-2%) BenuumHa paciumpeHns

LIeMEHTHOr0 KaMHsi HE3Ha4uTeNbHA. 3aMeTHOE PACLUMPEHUe Hayu-

25 — zjgaﬂcagzuyggﬁs:gzu COZIePXXaHus paclumMpsitoLLecs [06aBKu B

Ha rpacbuke (puc. 3) npencTaseHsl 3aBUCUMOCTI KacaTembHbIX

20 HANPSHKEHIA MO BHYTPEHHEI W BHELLIHEIA OXBATbIBAIOLLIMM LIMMHAPN-

/

[ 2 4CKVM NOBEPXHOCTAM, paccyuTaHHble no hopmynam 5 u 6.

C yBenuyeHnem cofepxanus paclumpsioweiicss go6askn 8
TaMMOHAXHOA CMEeCU KOHTAKTHbIE HAMPSXKEHWS MU CABHUTE BO3-
/ pacTaioT. BennyuHa KOHTaKTHbIX HanpsKeHNil LLEMEHTHOrO KamHs
C 0XBATbIBAIOLUMMIN NOBEPXHOCTAMM CTAHOBUTCA OLLYTUMON YXKe

\\
\
\

1,0 npu BBeaeHUN 1% paclumpatoLencs [o6asKu.
)/'//1/ [laBnexue, 0Ka3biBagMOoe LieMEHTHbIM KaMHEM Mpu pacLunpe-
HUI Ha OXBATbIBAIOLLME LNNHAPWUYECKNE NOBEPXHOCTH, Onpese-
0,5 /
nAeTcs no hopmyne 4.
Brnsxue cogepxanns pacwmpsiowerica fo6asku CUNb Ha
0.0 BEMNYUHY HOPMANbHBIX HanpsHKeHUd NpuBeSeHO Ha rpaduke
0 1 2 3 4 5 6 7 8 9 1o (ved)

C yBenu4eHeM Konn4ecTBa paclumpsioLLeiicsi f0GaBKM B Tam-

SIGB content in the mix, % Copepxanne CUMB & cMecu, % MOHAXHOI CMECH HAbMIJAETCA YBENNYEHNE KOHTAKTHBIX Hanps-

KEHWIT LIEMEHTHOrO KOMbL2 C OXBATbIBAIOLMMM €€ MOBEPXHOC-

e 1 the inner surface —=— on the outer surface Tamn. Mpn KonuyecTse paclunpsioweiics nobasku CUMb 10% B

M0 BHYTpEHHel NoBEpXHOCTU MO HApYXHO MOBEPXHOCTH COCTaBE CYXOIl CMECH BENMYUHA HOPMAIbHbIX HANPSXKEHUIA Pas-
BMBAEMbIX LIEMEHTHBIM KAMHEM NPY pacLuMpeHun JOCTUraeT 4-6

@ Fig. 3. The impact of expansion additive on the shear stress of cement sheath displace-  Mra. 13 npuseaexHbIx Ha puc. 4 faHHbIX CReyeT, YTO AaBneHve
ment (cement sheath cohesion with surrounding surface). LIBMEHTHOIO KaMHsi G PacLUMpAIOLLBIACA f06aBKOi Mapki CUTE Ha
@ Puc. 3. BnusHne Konu4ecTsa paclumpstowlencs 106aBKM Ha HaNpsHXXKEHUs Npu CABUre HapY)XHYIO LIMTHAPUYECKYIO MOBEPXHOCTb OKa3biBAETCA G0NbLLE
LIEMEHTHOTO KOMbLa (CLENNEHUEe LEMEHTHOTO KOJbLA C 0XBATbIBAIOLIMMU NOBEPXHOCTAMY), 1M HA BHYTDEHAION.

JINTEPATYPA

o= % (6) 1. [a3u308 X.B., Manmkos E.J1. MeTogvka onpesenenns CLenneHuns UeMEHTHO0 KOsb-
¢ 14a co CTEHKamu CKBaXuHb // HoBoe B reosiorvm v paspabotke HeQTAHbIX MECTOPOXAEHNI
where P - extrusion force, kN; bawkoproctaHa. — COopHuk ctatedt, Yepa. U3g. bawreonpoext. Boin. 120. - 2008. - 294 ¢.;
Fy —the area of contact between cement ring and the outer surface of the inner ring. cTp. 199-201.

The table shows the performance of the cement slurry and cement stone expansion rate
depending on the number of expansion additive SIGB.

For small quantities RD (1-2 percent), the expansion of cement 7.0
stone is insignificant. Noticeable expansion begins with increasing
expansion additive content in the dry mixture to over 2 percent. s 6,0

The graph (Fig. 3) shows relations of the shear stress curves E X
on the inner and outer covering cylindrical surfaces, calculated by o § 5,0 /
equations 5 and 6. £: /

Adding more expansion additive to the grouting mixture increas- "5 ; 40 ’4/0
es surface shear stress. The level of surface stress for cement & & ]
stone with a surrounding surface is notable even atinjectionofonly % £ 30
1 percent of expansion additive. E % !

Pressure of the cement stone during expansion onto the sur- & 5

. o N ) ze 20

rounding cylindrical surface is defined by equation 4. g

Impact of SIGB expansion additive 3 10
on the value of normal stress as shown T v
on the graph (Fig. 4) %

Increasing expanding additive levels in the grouting mixture 00 ' '
results in growing surface stress of cement sheath and the sur- 0 1 2 3 4 5 6 7 8 9 10
rounding surface. With over 10 percent of SIGB expansion addi- SIGB content in the mix, % CopepxaHue CUI'G B cmecH, %

tive in the dry mixture value of normal stresses developed by the
cement stone expansion reaches 4.6 MPa. Shown on Fig. 4 data
indicate that the pressure of the cement stone with SIGB expan- -
sion additive onto the outer cylindrical surface is greater than onto
the inner surface.

Contact pressure onto internal surface
KOHTaKTHOe aB/ieHre Ha BHYTPEHHIOK NOBEPXHOCTb

—@-— Contact pressure onto external surface

KoHTaKTHOe aaBneHne Ha BHELLHIO NOBEPXHOCTb
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