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Tab. 1 Foundation calculation parameters

SIMBEFUKT-(m-h-C)Y) (KT - (kg-C))

TR AL (m?h)

LK RF(10°-°CTy  TERBRE/GPa AN B A(kgem™)

10.84 1.324 0.004 5

8.0 90.0 0.3 1819
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Tab. 2 Concrete calculation parameters
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Tab. 3 Local monthly average temperature for years
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Fig. 1 Curve of monthly average temperature for years
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Fig. 2 Finite element model of gate warehouse structure
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Tab. 4 Gate warehouse pouring schedule

BHEE  AFRHN AFGHE HFERHN HFEREHNE

AR SRS ERW e moiem) mre mO-E) g VRMAN RO

R 2 2.0 0.1 12-1 20.19 8-18 32.00 0 0
ARz 3 5.8 3.8 12-21 17.93 9-7 32.00 20 20
BEREE 12 4 8.8 3.0 1-10 16.97 9-27 32.00 40 20
RSS2 2 5 11.8 3.0 1-30 17.45 10-17 28.51 60 20
HRREE 32 6 14.8 3.0 2-19 19.28 11-6 24.45 80 20
RS 42 7 17.8 3.0 3-11 22.28 11-26 20.93 100 20
RS 5 )2 8 20.8 3.0 3-31 26.07 12-16 18.38 120 20
BERS 62 9 232 2.4 4-20 30.22 1-5 17.08 140 20
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Fig. 4 Temperature and stress duration curves of characteristic points
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Fig. 5 Envelope diagram of stress and temperature of gate warehouse under initial winter conditions
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Fig. 6 Temperature and stress duration curves of characteristic points
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Fig. 7 Envelope diagram of stress and temperature of gate warehouse under the optimal conditions at the beginning of winter
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Fig. 9 Envelope diagram of stress and temperature of gate warehouse under initial summer conditions
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Fig. 10 Temperature and stress duration curves of characteristic points
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Fig. 11 Envelope diagram of stress and temperature of gate warehouse under the optimal summer conditions
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Tab. 5 Summary table of maximum tensile stress
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1 FIAHE R BN 0. 92, 47+ 1IF S 2 BUAH R R E0H 0. 94,
1 1.71 40 2.98
B 3 AR C R AR 0. 87, SRR T | 445 HE
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Tab. 6 Characteristic point data statistics

E T H S /)2 5 T )25 g 20 dR, B )22
INTEET25 C(H% 1—4 2) 5% 30 C(K% 5—7 2 ) Al
Sy ESE IR
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Tab. 7 Temperature control index of large volume concrete

for gate warehouse construction in winter

FHAE

RSN RFEEA R ETR

I iR/ C

Fre - TH x y xy x ¥
1 1 HEFWHh 4848 448 217.19 235031 20.07
2 1 EFERM 3829 1.92 7352 1466.12  3.69
3 2 HZWHU 6090 4.19 25517 3708.81 17.56
4 2 HFEEM 4564 194 88.54 2082.01 3.76
5 3 HZWh 4585 523 239.80 210222 27.35
6 3 HERM 3934 255 9932 154764  6.50
7 1 XRZHh 3460 1.66 5744 1197.16 276
8 1 &XZEfh 3460 171 5917 1197.16 2.92

9 2 AFWIE 4422 229 10126 195541 5.4
10 2 AFEML 4422 240 106.13 195541 5.76
ZWIME 31.19 324 101.06  972.82 10.49

12 3 LB 3157 269 8492  997.66 7.24

B Ry w2 (c-d™) Rl
et 50.0 50.0 1.0 1.0 25.0 25.0
51 50.0 50.0 1.0 1.0 250 250
) 50.0 50.0 1.0 1.0 250 250
3 520 52.0 1.0 1.0 250 250
150 15.0
4 56.0 56.0 12 12 250 250
s 60.0 60.0 12 12 300 30.0
%6 64.0 64.0 15 1.5 30.0 30.0
I 7 65.0 65.0 15 1.5 30.0 30.0
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Stress Characteristics of Ultra-Long Irregular Concrete Gate Warehouses during
Construction
ZHANG Jianhua', HU Rongjin', ZHAO Yunpeng’, WENG Fagen', QIANG Sheng”"
(1. China Railway Water Conservancy and Hydropower Planning and Design Group, Jiangxi Provincial Hydraulic Structure Engineering
Technology Center, Nanchang 330029, China; 2. College of Water Conservancy and Hydropower Engineering, Hohai University,
Nanjing 210098, China)

Abstract: Ultra-long irregular concrete structures are widely used in large-scale water conservancy projects (e. g. , gate warehouses of
hydraulic hubs), where cracking during construction has long been a critical challenge. Such cracking not only severely threatens
project quality and structural safety but also causes substantial economic losses and potential environmental impacts. The primary
causes of cracking include temperature stress induced by hydration heat accumulation (especially in large-volume structures with slow
heat dissipation), chemical shrinkage, drying shrinkage, and autogenous shrinkage. Moreover, the complex geometric shape (e. g.,
variable cross-sections of gate warehouses) and constraints of irregular structures further exacerbate the uneven distribution of
temperature and shrinkage stresses, increasing cracking risks. Although existing studies have explored temperature control
technologies for concrete structures like dam plugs and viaduct piers, research on temperature control and crack prevention for ultra-
long irregular gate warehouses—characterized by large dimensions and high requirements for structural integrity—remains
insufficient. To address the issue of frequent cracking in ultra-long concrete structures during construction, this paper takes an ultra-
long irregular concrete gate warehouse as an example and uses the finite element method to perform simulation calculations of the
temperature field and stress field for different pouring schemes in summer and winter. The stress characteristics and crack prevention
methods during the construction period are studied. The results show that in the initial conditions of both summer and winter, various
parts of the gate warehouse experience tensile stress exceeding the allowable limit, particularly in high-temperature regions. By
comparing the temperature and stress variations under different conditions, it is found that insulation measures and the addition of
expansive agents can significantly reduce the tensile stress in the surface layer of concrete. The temperature control measures for the
thin wall sections of the gate warehouse are relatively simple, requiring only surface insulation, whereas the thick wall sections need
water pipe cooling in addition to surface insulation. Pearson correlation analysis confirms a strong positive correlation between
temperature and stress peaks at individual positions, highlighting the core role of temperature control in siress management. Based on
the simulation results and engineering experience, the optimal temperature control indicators for winter pouring are proposed, and
summer pouring is recommended to be avoided to reduce construction difficulty. This study provides scientific support for the
construction of practical engineering and offers valuable references for crack prevention in similar ultra-long irregular concrete
structures worldwide, especially in large-scale water conservancy and transportation projects. Furthermore, it establishes an analytical
framework for the temperature-stress correlation in such structures, which helps refine industry temperature control standards, enhance
the durability and long-term safety of engineering structures, and further reduce potential economic losses and environmental risks
caused by cracking.

Keywords: ultra-long irregular concrete; construction period; large volume concrete; temperature control calculation; stress field; finite

element method
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