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Research on the Mechanical Properties of a Hyperbolic Cooling Tower Based on

Measured Geometric Imperfections

HUANG Yuewen' FENG Youquan® CHEN Junling' WANG Yanchen®
(1. College of Civil Engineering, Tongji University, Shanghai 200092, China ;2. Tongji Architectural Design (Group) Co. ,
Ltd. , Shanghai 200092, China)

Abstract: Hyperbolic cooling tower shells are mostly cast-in-place reinforced concrete thin-walled structures.
Their high-altitude construction poses significant challenges, and geometric imperfections often occur due to
issues in construction layout accuracy. Focusing on a specific engineering case, this study employed terrestrial
laser scanning (TLS) technology to capture precise geometric imperfection data of the tower shell. Based on the
scanned data, finite element models of the hyperbolic cooling tower, both with and without geometric imperfec-
tions, were developed using ABAQUS. The effects of geometric imperfections on the mechanical properties of
the cooling tower, as well as the sensitivity of different load effects to these imperfections, were systematically
investigated. The results indicated that when the actual imperfection magnitude was introduced based on the
measured distribution pattern, the bearing capacity and crack resistance of the tower shell decreased signifi-
cantly. Moreover, no deterioration in mechanical properties was observed when the imperfection magnitude
remained below 150 mm. The effects of dead load and external wind pressure were highly sensitive to geometric
imperfections, whereas temperature effects remained almost unaffected. Furthermore, the locations along the
meridian lines of the tower shell where the maximum external wind suction occurs were identified as critical
regions for safety assessment.
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Fig.1 Characteristic dimensions of the cooling tower
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Fig.2 Geometric imperfection distribution of the tower shell
WP 2 S R S R B9 (C3D8R) JF 5 B A 52 5 7 48
JE 5 WUAE XY B A8 R B AR SR B ) 4 B il 1
R TR BT (B3 1) BEAT A AL, B MR S T00 5 4
— B G ST G R X AT 2 gl
S, 2 64> [ Hh 2, BRIV s AR I
PTG ke o A5 7R ) inp SC PR R O BR OTARE Y 0 4%
Hay 280 AR B 3 0 2 0 R i s AR A RS
inp SCPFH A B 17 205 a3 AR, AR AR AT 40 35 05 LA
e B 14 V% A0 IS AT BROTAE AL . 23 A v A5 i LA
LN, A RE 3 O A A

(a) JoH W R (b) A il b A
B3 SR T
Fig.3 Finite element models of the cooling tower
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Fig.4 Mean pressure distribution of the cooling tower
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Fig. 5 Wind direction diagram
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Table 1 Load combinations
HE %S A

D T, W, W,
701 1.3 — 1.5 —
702 1.3 1.0x0.6 1.5 —
703 1.3 1.0 1.5%0.6 —
704 1.0 — 1.5 —
705 1.0 1.0x0.6 1.5 —
706 1.0 1.0 1.5%0.6 —
S01 1.0 — 1.0 —
S02 1.0 1.0x0.6 1.0 —
S03 1.0 1.0 1.0x0.6 —
Vo1 1.0 — 1.0 1.0

FR2 ARBEEAHNEREHE N0 RERw
Table 2 Maximum principal tensile stress o, and
deformation w of the tower shell with imperfections

FrRALA o, /MPa FraRALA w/mm
Z01(W11) 5.826 SO1(W11) 90.460
Z02(W11) 7.174 S02(W11) 90.480
Z03(W11) 6.796 S03(W11) 56.447
Z04(W11) 5.148 — —
Z05(W11) 6.496 — —
Z06(W11) 6.131 — —
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Fig. 6 Analysis results of the bearing capacity and crack resistance of

the cooling tower with imperfections
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Fig.7 Effects of imperfection magnitude on the bearing capacity and

crack resistance of the tower shell
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tower with imperfections
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Fig. 9 Effects of dead load on models with and without

imperfections
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Fig. 10 Effects of winter thermal load on models with and without

imperfections
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