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Lateral mechanical behaviors of structural piles adjacent to imbalanced
surcharge loads
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Abstract: In order to analyze the mechanical characteristics of structural piles adjacent to surcharge, the formulation for
calculating the lateral additional pressure under strip- trapezoidal surcharge is deduced based on the elastic solution of
Boussinesq. Then the actual additional load in front of the structural piles due to lateral soil displacement is obtained by
improving the theory of partial plastic deformation. Simultaneously, considering the ultimate state that soil horizontally slides
around pile, the rational passive load of structural piles is determined based on the combination of the modified theory of partial
plastic deformation with the computational model for the ultimate resistance of the piles surrounded by flow. On this basis,
considering the yield of soil and the influence of structural loads on pile head, differential equations for free, passive and active
regions of structural piles are established by using the tri-parameter Winkler elastic foundation beam model. By combining the
pile discrete method with the matrix transfer method, a semi-analytical solution for passive mechanical behaviors of structural
piles is obtained. The calculated results of the proposed solution are compared with the observed results and theoretical
solutions in a reference, and its reliability is validated.
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Fig. 1 Impact of surcharge loads on neighboring structural pile
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Fig. 2 Sketch of strip-trapezoidal load
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Fig. 3 Theoretical model for plastic deformation

IR FRAT /N
0 .. 100 200 300 400 500 600

—e— Tro¥AHEAFTEARRY
—a— PBRVLLEMEAERL

[E 4 HES R PRErEFTEL
Fig. 4 Comparison of ultimate passive loads on pile
(1 BEEAEAEH 4
B, T Tto UM AR IR K R AT
EARBLRE RIS T B . FEARE : LR
Wy AEB Fl A'E'B" KA SN, EB M E'B' 5 x i
RN a+/2 s HEF - AUAE AEBB'E'A" X N2
. A Mohr—Coulomb JE IRAEN, 1E7%5 &% X /)
SR, VERITE AEB 1 A'E'B' I8 S /1 2R A,

Kl 3 .
WHER S BB T LME 1A p(2), MIFEHE
WA T BB T _E s MR 5 P, (2) A
Py (2)=p(2)+Kyyz (2
X, pl)i (D THEAFHEM IR T, Ko
NEEE LRSI RS, K, ~1-sing, z AT ARE.
I3 B AA'E'E X8 F1 EE'B'B [X 45 A 1 . 7T kAT
Gy, WS B ARIETCR TG x J7 ) B T
%A, T4 RS AAE'E XA EE'B'B X35k f1152 /)
WM TifE. Hh, AAE'E XI5:
D,do, =2(c,tanp+c)dx 3)
EE'B'B X1
[an +(o,tan@+c)N,™” —ax]dD ~Ddo, =0, (4)
X, o,=0,N,+2cN,”, N, =tan’(w4+¢/2),
dD=2dxN,"”, ¢, @NELARREEI. WEEHES .

Ontan@+c
AN\
On
—— Ontan@+c
o~
2o or+doy X
Ox o +d oy = :‘Z
dx -
Q
dx
— 2 »Ontan@+c /x\
On
On Optan@+c
(a) AA'E'EX 38, (b) EE'B' BRI,

5 BEXMBETZHREE
Fig. 5 Schematic diagram of small element in plastic region
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Fig. 6 Limit model for horizontal sliding of soil around pile
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Fig. 9 Schematic diagram of discretization for passive region
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Fig. 11 Spatial location of bridge piers and XG road
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Table 1 Calculated of response of bridge pier No. 28

s B FE /em B 5 K H/(KNm)
SE O HEE O RE OGIME WEME RE
#28-1 12.4 14.20 14.5 3847.4 5299.6  37.7
#28-2 13.3 13.85 4.1 4622.8 5254.8 13.7
#28-3 11.8 13.68 15.9 4511.1 52354 16.1
#28-4 12.8 13.35 4.3 4587.4 51923 13.2
#8-5 11.6 11.77 1.5 4188.4 4886.7 16.7
#28-6 10.5 9.95 -5.2 3788.2 43477 14.8
#28-7 11.2 9.67 -13.7 4298.3 4299.5 0.03
#8-8 10.2 9.49 -7.0 3486.3 4267.7 224

R RTEW, 215 HT A 282, *28-6 HEEE A
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RHE— BB ASC R AT SR, LLP28-2 HERE
175 PR AR T SR HE B i L L BB B R 5T ) R B
FETVUAR 20 R 25 155 R 2R 52
el 13 s, LT RGO EA, eSS HA%,
Sy BITHELAR L M SR MR R B H=1.0, 2.0, 3.0 mIF, *28-2
BEAE 932 J W L o AT LA LY, A B B v B2 O o (D
AT BKF BRI R 5 AT 2K P % MIBEAT: 25 4 B 48
Ko 2 HH 1.0mEKF 2.0 m e 2.0 m 3 KF] 3.0
m I, BETKAZAS 23 G0 1 4 76.5%F1 32.5%,
HESF RS HE A BN T 29 36.1%H0 15.8%, 11HIZ
BN, X AR AR R A R K
% 8 B 52 41 BOvE M L BT Ay i gg e, fE b
R R, 0 HeTH SRR T ) R EUE N 50%
100% T30~ FREREIR N, 4P 14 B

Hifs/em

-50 -25 0 25 5.0 75 100 125 150
r T & T :; 2§

10 +
20
g 30
il
LT SR SR R BE
—+— H=10m
50 —©—H=20m
—— H=30m
60
708

(a) AP

B4/ (KN-m )
-3000 -1500 O 1500 3000 4500 6000
r T T T 1

SR BRI B
50 —4— H=10m
—— H=20m
60 —— H=30m
70
(b) &Z3E

13 MR HIK RIS

Fig. 13 Influence of surcharge load level
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Fig. 14 Influence of soil resistance in passive area
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Fig. 15 Influence of pier-head constraining condition
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