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Calculation Method and Its Numerical Verification of Mid-
span Deflection of Fish-Bellied Beam Support
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Abstract: The deformation calculation of fish-bellied beam support is a highly statically
indeterminate problem, involving complex relationships between stress and strain. Therefore, a
theoretical method suitable for the deformation of the fish-bellied beam support structure was
needed. Based on the reduction of the force and deformation characteristics of the fish-bellied
beam support, a calculation method for the mid-span deflection of the fish-bellied beam support
structure was proposed. By comparing various working conditions using finite element software,
the theoretical assumption error was corrected. A highly accurate calculation method for the mid-
span deflection of fish-bellied beam support was obtained. This method can be used for
calculating the deformation of fish-bellied beam support and can efficiently predict the mid-span
deformation of fish-bellied beam support. Verification by various methods shows that this method
has small errors and conforms to the rules, providing a reference for related engineering projects.
Key words: fish-bellied beam support; statically indeterminate structure; mid-span deflection;
calculation method; numerical verification
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Fig. 1 Schematic diagram of fish-bellied beam
support structure
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Fig.2 Schematic diagram of three types of
fish-bellied beam support structures
(a)—FSTHI(L:8~18 m); (b)—FARI(L:19~23 m);
(c)—SS#(L:24~52 m).
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Fig. 3 Force characteristic diagram of fish-bellied
beam support
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Fig.4 Method derivation process
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Fig.5 Simplified fish-bellied beam support structure
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Fig.6 Simplified fish-bellied beam deformation
without pre-stress
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Fig.9 Model diagram of single-span fish-bellied
beam support structure
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Table 1 Fish-bellied beam support working condition table
15 HH
TH %S =
L,/m L,/m F,/kKN  E,/GPa E,/GPa I/m* A/m’ A,/m’ g/(KN-m™)
1 12 5 0 206 206 0. 006 69 0.02195 0. 003 04 100
2 12 8 1000 206 206 0. 009 30 0.029 62 0.007 33 125
3 12 10 2 000 206 206 0.01190 0.036 14 0. 009 78 150
4 19 5 0 206 206 0. 009 30 0. 029 62 0. 009 78 150
5 19 8 1 000 206 206 0.011 90 0.036 14 0. 003 04 100
6 19 10 2 000 206 206 0. 006 69 0.02195 0.007 33 125
7 26 5 1 000 206 206 0.01190 0.036 14 0.007 33 150
8 26 8 2 000 206 206 0. 006 69 0.021 95 0. 009 78 100
9 26 10 0 206 206 0. 009 30 0. 029 62 0.003 04 125
10 12 5 2 000 206 206 0. 009 30 0. 029 62 0.007 33 100
11 12 8 0 206 206 0.011 90 0.036 14 0. 009 78 125
12 12 10 1 000 206 206 0. 006 69 0.02195 0.003 04 150
13 19 5 1 000 206 206 0. 006 69 0.02195 0. 009 78 125
14 19 8 2 000 206 206 0. 009 30 0.029 62 0. 003 04 150
15 19 10 0 206 206 0.01190 0.036 14 0.007 33 100
16 26 5 2 000 206 206 0.01190 0.036 14 0. 003 04 125
17 26 8 0 206 206 0. 006 69 0.021 95 0. 007 33 150
18 26 10 1 000 206 206 0. 009 30 0. 029 62 0. 009 78 100
®2 ERIHTELRBBERNLR Yy ——
Table 2 Theoretical calculation results and numerical 1200 | e R
simulation results mm
- - — g 1000 -
THAS IR e P £ sl
1 85. 047 64. 855 20. 192 ﬁ 600 L
2 14. 340 6.929 7.411 ® 400l
3 -0. 301 -5.066 4.765 200
4 299. 261 220. 351 78.910 O ., @ L e e
12345678 9101112131415161718
5 153. 508 120. 942 32.566 Lo
6 56. 032 45. 085 10. 947 E10 ERESRAUERLLE
Fig. 10 Comparison diagram of theoretical and
7 1 072. 694 823.985 248. 709 9 i P 9
simulated values
8 247.918 198. 288 49. 630
1200 | "
9 676. 887 549. 720 127. 167 = SRR
1000 A%
10 5.991 1. 021 4.970
g 800
11 22.622 13.714 8.908 g
& 600 -
12 29. 275 19. 164 10. 111 =
@ 400
13 244. 159 195. 207 48.952
200 - 'pi
L
14 209. 547 180. 852 28. 695 ol o
15 82.194 62.518 19. 676 0 200 400 600 800 1000 1200 1400
16 1 401. 509 1243.367 158. 142 e fE/mm
s A S
17 616. 749 500. 453 116. 296 . a 1. E‘,“ﬁ.q*ﬁﬂﬁ*%lﬁ .
Fig. 11 Relationship diagram of theoretical and
18 174. 866 138. 439 36.427

simulated values
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Table 3 Engineering geological stratification
system for a certain subway station site

O BRI PERCR NEEEEA

T2

ykN-m™ C/kPa E/GPa @,/(°)
1-Z4+ 18.0 15.0 10.0
2-HiRr  19.7 3.6 23.2 34.0
3-fRA 19.9 5.2 19.0 36.5
A-TRRD 20.2 7.3 29.4 37.4
5— |G 20.2 41.6 39.0
6— itk 20. 1 29.6 37.8
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Fig. 15 A certain subway station’s foundation

pit model
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Table 4 Simulated deformation situation of each
monitoring point in foundation pit mm

W LA
2 3 4
WA 1 31.27 36. 41 41.79 46. 03
W2 34.74 39.36  44.72 49.15
W A5 3 38.25 42.32 48. 65 54.27
W 4 43.97 50. 42 55.76
W 5 46.92 51. 81 56. 89
Wi A5 6 47.88 53.74 58.01
W A5 7 54.51 59.93
W A58 56.97 61.62

W 559 57.37 62.74
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Fig. 16 Simulation results of horizontal displacement
of intermediate-span soil using software
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Table 5 Theoretical calculation of deformation at
each monitoring point mm

TG
1 2 3 4

eI g1 35.36 40.28 50. 14 53.43
W2 38,64 43.57 53.43 56. 72
ARIITDSY 41.93 46. 86 56.72 60. 01
Wi 55 4 48. 68 51.97 55.26

5 51.97  56.90  58.54

6 55.26  60.19  61.83
R A7 55. 44 57.08

8

9

I A5 G

57.08 60. 37
62.01 63. 66

=i
T

I H R IES RSB e A A s 1Y
BRZERRAEIL 15%, Hi/MRZENIKE 1.45%. H
AT AR 3 SRS A A R 2 B A R T 4 HL
ARAFE R —B, P HELAG SRR FHANE .

5 4 1w

1) 3 PSS A AR 25 6 1Y )7 =X
R3] TR s g s h b B TR A5

2) WAL S R A R 0 B BT A
S 5 B BT A5 S T X LI, R B
BRI AR, 1R 258 6.14%. [AlET 8
PN EE S A S A2, R AT X L, HAR fb k3
FEAR B e RAR AN 3.11%. 75 18 3 REi 45
BRI ) S s TR B 36 uE 2 A A B,
P AT LA AR AR 2240 T 7] 232 Y L, A
MIE AT A S B 6 JbE 5T bk

3) XA HEAT I FHABTARL , 38 2 o) it b 2k S bt
BB BT, A5 8 T IE G4 A 0 I8 B 00 AR T 1
O K AR B AR AAR A KT B 15, 4
R AT AR A SRIUEE Z 8] /) B K
RZEANHIT 15%, His/MRZE{UN 1.45%.

SE 3k

[1] Kim N K, Park ] S, Han M Y, et al, Development of
innovative prestressed support earth retention system [J] ,
Journal of the Korean Geotechnical Society, 2004, 20(2) :
107-113.

Park J S, Kim S K, Joo Y S, et al. Finite element analysis of
earth retention system with prestressed wales[J], Journal of
the Korean Geotechnical Society, 2008, 21(2): 27-36.

Park J S, Joo Y S, Kim N K. New earth retention system
with prestressed wales in an urban excavation [1]. Journal

[2]

of Geotechnical and Geoenvironmental Engineering, 2009,

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

135(11): 1596-1604

R5E WA BB R, A FET LR R I TN
RGN B (1] TR b BT 2= 4, 2016, 24
(5):1016-1021.

(Guo Liang, Hu Xie-wen, Qian De-liang, et al. Study on
application of prefabricated prestressed fish-bellied beam in
deep foundation pit based on displacement control [J].
Journal of Engineering Geology, 2016, 24 (5) : 1016-
1021.)

FERA, SRR SRl , 45 eI ) £ 18 50 S
RGEMRIETFFE[T]. AR TR, 2021,54(4): 18-25.
(Zhuang Shi-chao, Zhang Jian-lin, Zhang Can-hui, et al.
On stiffness of prefabricated prestressed fish-belly steel
support system [J]. China Civil Engineering Journal,
2021, 54(4): 18-25.)

Feng T G, Tong T, Cao Y J, et al. Finite element analysis
on lateral deformation of foundation pit influenced by pre-
stress of fish-bellied beam support[J]. Advanced Materials
Research, 2013, 838/839/840/841: 622-628.

Feng T G, Liu L, Tong T, et al. Numerical study on lateral
wall displacement of deep excavation supported by IPS
earth retention system|[J]. Underground Space, 2017,2(4) :
259-271.

SRR ARIE BB, L PP RIS R G 4
Hrl]. AR R (SRR ,2010,31(3) :444-447 .
(Zhang Jun, Zhu Fu-sheng, Wang Zhu, et al. Analysis of
lasting monitoring results for design/construction of
supporting system of a deep foundation in Shenyang [J].
Journal of Northeastern University (Natural Science) ,
2010, 31(3): 444-447.)

X SC, RS AR, A5 D R R BRGNS A A
RN 5], RIS (A A0 , 2015,
36(4): 576-580, 595.

(Zhao Wen, Han Jian-yong, Li Shen-gang, et al. Stresses
and deformations in pile-anchor support system of deep
foundation pit in sandy layers [J]. Journal of Northeastern
University (Natural Science) , 2015, 36(4): 576-580, 595.)
Zhang W C, Shi P X, Wang Z S, et al. Explainable boosted
combining global and local feature multivariate regression
model for deformation prediction during braced deep
excavations [J]. Engineering Computations, 2023, 40 (9/
10) :2648-2666.

Liu Y K, Zhang Q S, Liu R T, et al. Numerical simulation
and field monitoring of deformation characteristics of TRD
composite supporting structure for deep foundation pit in
study in Qingdao [J].
Geotechnical and Geological Engineering, 2022, 40(5) :
2691-2703.
Wang Q T,
characteristics of foundation pit support structure [J]. JOP

quaternary stratum: a case

Qian H Y. Research on deformation

Conference Series: Materials Science and Engineering,
2018, 452(2): 022101.

HEF5H . IUN Iy 0 SR S S A AT IR BE S A Y
Bt SR LT]. TREHORATGE, 2022, 7(24) : 149-151.
(Lian Xiu-yan. Design and application of the combination
of prestressed fish belly girder steel support and reinforced
concrete support [J]. Engineering and Technological
Research, 2022, 7(24): 149-151.)

2], EH T AR RN SR R RS IR R O R S
STLI] AL TREOR, 2025, 39(1):97-104.

(Li Chuang, Wang Rui-fang. Deformation control and
analysis of pre-stressed fish-belly beem steel support system
pit [T]. Geotechnical Engineering Technique,2025,39(1) :
97-104.)



