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The Influence Law of Temperature—Pressure Coupling Effect on the

Mechanical Properties of Cement Stone

LI Jun"?,ZHANG Xiaojun', LIAN Wei*,ZHOU Shengdong®, WU Yanxian®
(1. College of Petroleum Engineering , China University of Petroleum ( Beijing) , Changping District 102249, Beijing, China; 2. Kara—
may Campus, China University of Petroleum (Beijing) , Karamay 834000, Xinjiang, China; 3. Oil Production Technology Research In—
stitute,, PetroChina Xinjiang Oilfield Company , Karamay 834000, Xinjiang , China )

Abstract: To address the unclear mechanical response mechanisms of the cement sheath in deep oil and gas well cementing under
complex temperature—pressure conditions, this study systematically investigated the coupled effects of curing temperature, curing
pressure, testing temperature , and confining pressure on the mechanical properties of Class G oil-well cement. Specimens were pre—
pared at different curing temperatures ranging from 25°C to 140° C and curing pressures of the atmospheric pressure and 21.7 MPa.
Triaxial compression tests were then conducted at different testing temperatures from 25°C to 140°C and confining pressures from 0 to
20 MPa to analyze the evolution of stress—strain curves, peak stresses, and elastic moduli. The results show that increasing curing tem—
perature reduces the peak stress and elastic modulus of the set cement, while high—pressure curing significantly inhibits pore develop—
ment and improves structural compactness. Increasing testing temperature helps enhance the mechanical performance of cement at the
testing temperature close to its curing temperature. Increasing confining pressure improves the plasticity and residual strength of ce—
ment, and the cement exhibits staged evolutionary characteristics under different coupled conditions. The findings of this study provide
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a theoretical basis and experimental support for the design of cement slurry systems and the integrity evaluation of cement sheaths in deep for—

mations.

Key words : hardened well cement ; temperature—pressure coupling; mechanical properties ; failure modes ; wellbore integrity ; deep shale oil
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Fig. 1 Photo of cement specimens
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Fig. 2 Test workflow diagram
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Fig. 3 Three—dimensional CT scans of cement set under different temperature—pressure curing conditions ,

along with their X-Z and Y-Z plane views
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Fig. 4 Stress—strain curves of cement set at various curing temperatures
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Fig. 7 Stress—strain curves of set cement at different testing temperatures
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well cement
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