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A simplified calculation method for deflection of deep water
steel pipe pile under multi-factor coupling
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Abstract: The steel pipe piles in the deep-water trestle are flexible yet highly sensitive to faults. Currently, there
lacks a simplified calculation method that comprehensively account for the pile’s deflection at the top, with
considering the combined effects of geometric initial defects, construction loads, and water flow load. This
deficiency makes it challenging to address the non-linear behavior of steel pipe piles in deep water, thus posing
safety risks. To address this issue, the water flow load was simplified to an inverted triangle distribution load, and
elastic stable equilibrium differential equations for the steel pipe pile, both below and above the water surface,
were respectively adopted to derive a theoretical calculation formula for pile deflection with considering
geometric nonlinearity. Building upon this foundation, steel pipe piles of varying lengths were selected as the
research object to explore the influence of geometric initial defects and nonlinearity on pile deflection. Through

theoretical deviation, the theoretical formula was further simplified for derivation, making it more practical for
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engineering applications. The analysis results show that with considering geometric nonlinearity, the simplified
model yields significantly different load flow calculations compared with models that neglect geometric
nonlinearity. This is more in line with the flexible structure’s response to water loads. Consequently, our study
provides valuable support and practical technology for managing water load impacts and lateral control of steel
pipe piles in steel trestle structures during their operational life.
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Fig. 1 Simplified model of flow load
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Fig.3 The error of perpendicularity of the simplified formula under different values of
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Fig. 4 Deviation value of perpendicularity of steel pipe piles of different heights

AT R TSR AE A AT fg A3 2 3 (20) AR 2 X (16) 3 10 D 07 3 5 1 22 (A B 3 b s LU B gy
W AT I, R AR — 0, PR, A T TN R R B R A TR 2 (20) HEAT B A I T R AR 02 (AR .

4 & i

0 3o ) = 2K I AT AT P AR Y AR I g A (o3 O R 4 S A A A B R L AR I 2 M AR T o R A A2
TR S IR AR S S (LA J7 ik BEAT I AL, RS T -

1) H9 A5 Ak 38 L D 137 32 B0 A7 A o 2 RTT A O A A8 A P2 R AR A i 3 9 A7 A s 2 R I S EE ) S,
Al 07 S22 AR R TR

)L SRR B HESZ LA L R i 5, LB A R A3, L AT AR 2 A 52wy B0 B DAL A
B e Al 2 R A AU BB P—A BB YRR

3)AESE PR TAR R, 25 8 TR Al S e A 19 A Ak o 2 A 007 31 530 28 SRS B AT 5 SE PR o0 (ER 8] = A
IR AT BT B B S % RS R TR R B AN R D 5 DRI B 6T 22 A DR 24 S 8 = A K O A 4 )
ke R i 07 T3 AT AL

4) L3 3 AT DL b LEOGE A9 A A B R i {37 (L A B2 R AR K DR b it T R R A R K I L B =k
JKC P At RO 7 4 S e A LA B M O A e R 07 ) 7 A R R TLART A e P A A e R 37
{ELAY 82 00 B2 L, R Fe it 122 4 o

5% 3tk

[ 1] A, skar . P e 20 2k w1 T R AR AR AR Bt (0], AR R, 2015, 45(4): 1-6.
Wang D H, Zhang L C. Design of trestle of Pingtan Straits rail-cum-road bridge[J]. Bridge Construction, 2015, 45(4):
1-6. (in Chinese)

(2] 0, BRrasl, X0 . T R 4 30 By B 8 IR R g DR S 91 43 BT 0], 25 b LR 274k, 2012, 34(S1): 773-778.
Liu T, Chen Y B, Liu H. Case study of ultra-deep foundation pit by island and cofferdam construction in soft soils in coastal
areas[J]. Chinese Journal of Geotechnical Engineering, 2012, 34(S1): 773-778. (in Chinese)

[ 3] Salau M A, Esezobor D E, Folorunso O M. Offshore steel structures corrosion damage model[J]. International Journal of
Scientific and Engineering Research, 2013, 671(1):10-16.

[ 4 ] Wang H, Cheng M H. Research on static and dynamic performance of large-span steel trestle[J]. Advanced Materials Research,
2013, 671/672/673/674: 1002-1006.

[ 5] Wei C F, Hu S Y, Zhao B S. The research on vibration testing and analysis method of the steel truss coal trestle[J]. Applied
Mechanics and Materials, 2013, 482: 141-144.

[ 6] #afe, . VR 0 HE 20 00 0 5 A D 280 400 8 A1 166 5 S 45 4 0 24 e M A0 BT (D). 540 D 2% 5 T RE 27 4T, 2019, 38(3):
619-633.
Dong J H, Zhuang C. Mechanical properties of the combined retaining structure of frame prestressed anchors and micro steel

tube piles in deep foundation pits[J]. Chinese Journal of Rock Mechanics and Engineering, 2019, 38(3): 619-633. (in Chinese)



% 10 4 RAAR, 3 3 B X486 T RAKME HEARAL F 4L+ F o & 21

(7]

[15]

DU, KR, Sk B . e K B A P 2 TR M X T S BB 3 BT (D). o B 12, 2011, 32(6): 1736-1740.
Jia Q, Zheng A P, Zhang X. Test study and numerical analysis of stability of high-level cap steel tubular pile under compression
loads[J]. Rock and Soil Mechanics, 2011, 32(6): 1736-1740.(in Chinese)
Ak, BT, BRI, A5 . R Al R TR X A AR A b R ATE AR DR AR S A S IR [J]. PR R 24244, 2019, 42(7): 63-69.
Xiao C Z, Xia B Y, Zheng G, et al. Influence of composite foundation embedded depth on the failure modes of stone
columns[J]. Journal of Chonggqing University, 2019, 42(7): 63-69. (in Chinese)
Liang Q Q, Patel V I, Hadi M N S. Biaxially loaded high-strength concrete-filled steel tubular slender beam-columns, Part I:
Multiscale simulation[J]. Journal of Constructional Steel Research, 2012, 75: 64-71.
Lee C H, Baek J H, Chang K H. Bending capacity of girth-welded circular steel tubes[J]. Journal of Constructional Steel
Research, 2012, 75: 142-151.
B, S, W B2 AE AR SE A 2 JE B AN I B U i (0] EE R R AR, 2019, 42(11): 29-37.
Wei W, Guo X, Yu D J. The design method of staggered frame structure considering the second-order effect[J]. Journal of
Chongqing University, 2019, 42(11): 29-37. (in Chinese)
BLAR, ZR AR, W TR HE S R A 2 I T B RO Y BT O IR BTSR[], A R A, 2018, 39(S2): 135-142.
Wei W, Qin H P, Yu D J. Design method of multiple-story column considering second-order effect in frame structure[J]. Journal
of Building Structures, 2018, 39(S2): 135-142. (in Chinese)
XUBE, XNARIY, 5L, 45 . 2 e R 3 Ul 139 39 1 — W 40 7 O AR XU HE R 254 v (9 03 T [T, J5 R K224 41, 2017, 40(9): 1-7.
Liu Y, Liu N P, Zhuo Z, et al. The application of elastic second-order method with considering stiffness reduction to two-span
bent structure[J]. Journal of Chongqing University, 2017, 40(9): 1-7. (in Chinese)
A, XURE, AR, S T RS BT 35 A HE A I 280 AR 0 T A (D). T PR R 2 R (A SRR R, 2006, 29(9): 130-
133, 143.
Zhu Z Y, Liu Y, Li Z P, et al. Analytic solution of second order effects regular pattern in non-sway closed cell frame[J]. Journal
of Chongqing University (Natural Science Edition), 2006, 29(9): 130-133, 143. (in Chinese)
VIdh, DT4 25, W 75 A . 35 T A 0T M B 28 1) 4K 7977 TR 6 - HE B 254 — B 3 s A T [J]. TR 1%, 2015, 32(9): 111-118.
Xu J, Gong J X, Jiang X G. Second order effect analysis of reinforced concrete frames based on analytical stiffness model[J].
Engineering Mechanics, 2015, 32(9): 111-118. (in Chinese)

(h# # @)



