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Refined Finite Element Analysis of Shrinkage and Creep in External Prestressed

Reinforced Concrete Beams

LI Xianyang'®,DENG Jihua®, LIANG Luyi*, PENG Jianxin®

(1. CCCC Second Harbor Engineering Company, Ltd., Xiangjiang New District Branch, Wuhan, Hubei 430040, China; 2. School of Civil
and Environmental Engineering, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: To accurately analyze the shrinkage and creep effects in external prestressed reinforced concrete
beams, a method was proposed for analyzing the shrinkage and creep of such beams based on refined finite
element analysis. First, considering the force characteristics of the external prestressed tendons as constant-
strain components, a differential treatment was performed on the geometric and nodal displacement
relationships between the external prestressed tendons at the anchorage and deviation points and the concrete
beam. Using the principle of virtual work, the element stiffness matrix that needed to be iteratively solved was
derived for the external prestressed tendons. Second, based on the assumption that there was good bond
between the reinforcement and the surrounding concrete under the action of shrinkage and creep, and that both
materials exhibited coordinated strains, a finite element model was established for analyzing the shrinkage and
creep of reinforced concrete beams that incorporated the effects of the reinforcements, utilizing the initial strain
method in shrinkage and creep analysis. Finally, based on the aforementioned results, a method for analyzing
shrinkage and creep in external prestressed reinforced concrete beams was established, along with the
development of the corresponding programs. An analysis of the shrinkage and creep of two external prestressed

reinforced concrete beams was conducted, and the results were compared with relevant literature. The findings

5 B #7:2024-06-05 1&[E HH#:2025-12-16

BB :HEAHARBFEL I HE (45 :52278142) ;M B4 B ARBH= B &5 BT H (45 :20231130019) ; s B 2 F T W H
(Zi*5 :21A0187) s A7 R 45 b fid B 5 ¢ 4 1) R H o S 30 % T i Bk 4 ¥R Bh 30T H (4 %5 : BHSKL21-06-GF)

EZE B AN, 5 Lok S Y TR E-mail: 65842265@qq.com

*BIEIESE XSk, 9 1+, Z4#% .E-mail : jihuadeng@csust.edu.cn



162 ¥ 4k

A S

2026 5

indicate that the method established in this paper for analyzing the shrinkage and creep of external prestressed

concrete beams is accurate. It was observed that in the computational model, treating the external prestressed

tendons as if they were bonded internal tendons, or neglecting the influence of ordinary steel reinforcement in

the concrete beam, can lead to significant errors in the calculated results.

Keywords: external prestressing; reinforced concrete beam; shrinkage and creep; element stiffness matrix;

refined finite element analysis
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Figure 1 External prestressed beam
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Figure 2 Reinforced concrete beam element
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Figure 8 Time-prestressing loss curves of No. 2 beam
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Figure 11 Time-prestressing loss curves
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