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Proposal of a new modeling method of pile-soil system
in frame analysis for pile-supported wharves

Hiroyasu KASU*
Satoshi MATSUMURA**
Takaaki MIZUTANI***

Synopsis

The calculation of variable state for pile-supported wharves is commonly performed by flame analysis modeling
superstructure and steel pipe pile as beam elements. A rubble foundation is often constructed on the ground to be
tilted. When estimating the behavior of the piles installed on the slope, it is desirable to apply the method proposed
by Suzuki et al. (1966), which corrects the lateral resistance constant according to the slope angle of the surface
(referred to as Suzuki's method). However, current technical standards adopt a method of calculating by modeling
ground springs below an intermediate elevation between the actual surface and the design water depth used as a
virtual ground surface (referred to as the existing method). Although the existing method is confirmed to derive a
more conservative design alternative than Suzuki's method, it is limited to verification for a pile-supported wharves
with widths less than 20m, and its applicability for pile-supported wharves that are wider than 20m is unknown.
Also, there is a challenge of not directly considering the influence of slope of ground surface on the pile behavior.

Therefore, in this study, the 2 dimensional flame analysis was performed for eight pile-supported wharfs with
different widths and slope angles using the existing method and Suzuki's method, and the bending moments of the
pile heads calculated were compared. Results indicated that even for pile-supported wharves wider than 20m, the
existing method is more conservative for design than Suzuki's method. However, it was found that the existing
method tends to overestimate the bending moment, particularly for seaward piles. Hence, a new modeling
technique of the pile-ground system in the frame analysis was proposed by incorporating Suzuki's and the existing
methods. The new method proposes modeling using Chang’s method for its simplicity, while correcting the soil
reaction coefficient in the slope of the ground like Suzuki's method. By performing calculations using the proposed
method, it was demonstrated that the results come close to those obtained by Suzuki's method, and that there is a

possibility of obtaining an economical design section for a pile-supported wharf.
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BUNLE hil w2 hi3 hia Hil hi2 hi3 b4
oy FifE o(mm) 1000 1000 1000 1000 1000 1000 1000 1000
Hite AIE t(mm) 11 13 16 18 10 12 17 16
L 1M R (M — ) 0.83 0.94 0.98 0.99 0.61 0.77 0.92 0.92
MR E L1 TR (i — ) 0.97 0.99 0.99 0.86 0.96 0.98 0.99 0.92
DIRAERG R PR 0.60 0.66 0.67 0.66 0.49 0.57 0.63 0.61
ETI 0.40 0.39 0.36 0.29 0.47 0.43 0.39 0.35
BUTHIC R DI R IE O B i 0.95
HFEE) S E
FUpLE bl hi2 hi3 hia Bl hi2 hi3 bia
ey FifE o(mm) 800 800 800 800 800 800 800 800
Pt S t(mm) 9 13 17 19 8 8 17 17
L 5 R (i ) 0.38 0.36 0.33 0.31 0.35 0.37 0.34 0.29
iRyl L LHb R (i — ) 0.39 0.36 0.33 0.28 0.44 0.41 0.35 0.30
DHRERER B 0.97 0.99 0.98 0.98 0.81 0.93 0.99 0.94
A | 0.72 0.64 0.58 0.49 0.69 0.63 0.54 0.47
BUTIE o DHRRRIE O B 0.86
Hi ) [l
B bl hi2 i3 hia Bl hi2 i3 b4
ey B o(mm) 900 900 900 900 900 900 900 900
bt HE t(mm) 10 12 15 17 9 11 15 15
L LRI (Y — ) 0.85 0.93 0.97 0.99 0.62 0.77 0.94 0.93
oo L 5 R (3 ) 0.97 0.97 0.98 0.87 0.96 0.97 0.99 0.94
DIRAERER PR 0.79 0.85 0.86 0.86 0.62 0.72 0.83 0.81
8|1 0.51 0.46 0.46 0.38 0.60 0.56 0.51 0.45
BUTIEIC A DR IEOMIM & b 0.93
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