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RESEARCH ON ADDITIONAL STRESS CAUSED BY SKIN FRICTION OF
Y-SECTION PILE CONSIDERING ABNORMALITY EFFECT
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Abstract: Y-section pile is a newly abnormal pile with reversed-arch surface. The lateral earth pressure and skin
friction surrounding the pile shaft are of non-uniform distribution. Although the calculated results of additional
stress caused by assumed uniformly distributed skin friction are more suitable to the actual distribution law when
compared with those caused by the assumed concentrated skin friction, there is still a certain error. Based on
spherical cavity expansion theory, non-uniform distribution model of lateral soil pressure around Y-section pile is
established; and then the non-uniform distribution model of skin friction is built up as well, which can be used to
calculate the additional stress. Taking outside circle radius R and template radian @ as variables, variation laws of
additional stress are comparatively studied under three distributed patterns of skin friction around Y-section pile
respectively, namely the concentrated distribution, the uniform distribution, and the non-uniform distribution
considering the abnormality effect. In addition, the calculated method of additional stress due to skin friction is
employed to calculate the settlement by considering abnormality effect. According to the field static load tests, it
was found that the calculated settlements agree better with the measured results using the calculation method of
additional stress due to skin friction by considering abnormality effect.
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Fig.2 Cross section of Y-section pile
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Fig.4 Calculating points on Y-section pile skin
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Table 1 Lateral earth pressure of pile skin on different points

P RE/m
2 4 6 8 10
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C 18.9 49.1 83 111.8 170.7
B 18.3 47.8 79.3 106.2 165.4
A 17.2 45.7 75.2 96.3 151.0
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Fig.6 Non-uniform distribution pattern of skin friction
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Table 3  Additional stress coefficients on skin friction of different distribution models
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different calculation methods
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Table 5 Additional stress coefficient ratios between
non-uniform distribution and uniform distribution models with
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Table 6 Additional stress coefficients on skin friction of
Y-section pile with different 9

N IR BE () Ak FRT BRI 2 73 SR 3
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6=50° 9.322 8.588 7.597 6.62 5.734 3.087 1.998 1.447 1.112 0.893
6=60° 9.673 8.721 7.701 6.691 5.714 3.084 1.985 1.442 1.106 0.892
6=70° 9.985 9.143 7.832 6.686 5.795 3.098 2.01 1.452 1.114 0.894
6=80° 10.470 9.28 7.995 6.749 5.831 3.117 2.012 1.453 1.116 0.895

eS|

7 TEERILE NN HERS
BN HERNLE
Table 7 Specific values of non-uniform distribution and
uniform distribution model in different 9
AN T R B () A D B 8270 2 07 EEARLY (%)
101 102 103 104 105 110 115 120 125 13.0
6=50° 90.0 915 940 962 974 982 984 992 995 99.8
6=60° 90.1 90.8 939 963 964 979 97.7 988 989 99.6
f=70° 89.7 929 942 953 97.1 982 989 995 996 99.8
£=80° 90.4 92.1 948 954 97.1 986 989 995 99.7 99.9

ENIPIES
0 10 20 30 40
10.01
10.5
—a— (=50°

11.0- ——0-60°
£ —A—(=70°
2 s AP
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B9 AR 0 %t Bt n i 7 22 B m ith 2%
Fig.9 Influence of different template radians & on additional
stress coefficients
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9.143. 9.28, Geddes i~ 19.709. Fifi & I FE I3 i,
IR 71 2505 Geddes fif 2 [R] [FR 22 1B Tk /)N »
BEBETYIA .

R 7 vTCUE Y, Bobom i, JET-(EERH /)
AN EY oy AR E S BB IR ) R B Y 5 oy A 4
R R, TR R oK IR 2 B
7E 10.1 m PJEREEAL , FeT-0EERH T3 A 51 25 R4 R
BB A 6 R0 90%, P& VRFEIIE N, — &
e, 3 HIRZENT 1%,

4 FETY RAEMER DA S0 mRY
BHEETE

AT Y ARG, RS2 Aot
HEATHETE. Y TEHERE TR SN B, HeyiRe
B DU A2 A L 00 L £ i B R
JESS B 7 2 1 AT B so AR PELAD 7 2 1 ki
W 5o A FAI R4 B 55 LURBE S )N LA b gl N
B0 FRIL Y RSB ARYT R 528 KT LUE A

S=5+S,+8;+5, (29)
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F ST T R T R T 2 B 3 e e R IR B
SEHEAT T ARSI iR, IRF RS IR TR, i
Y i3 s % HPS b1 K47+656~K47+660 T Y &
MER TRESA, BEAT LT . 12 TRER M Y
MERR T LT S 5055 AR . BEARGIE 0=60°, J& il
B 6=90°, JFiRIAIEE s=0.11m, AhELIE 4N
R=03177 m, Mk 12m, #REEAN 0.116 m*, #
KA 1.723 mo %8 BB BT R, HET
H, &+ EEAYESHIE 8.

#=8 LTHYEEHFESH

Table 8 Physical and mechanical parameters of soil

- TEEE TMS@,} Rt/ PRBYEbR
m (gecm”) MPa c/kPa  ¢/(°)

I ML 2.5 1.9 53 50.8 9.3

I VAR IR L E 55 1.8 3.0 13.0 32

11 WAL 6.0 2.0 6.4 543 108
v i 5.0 1.9 7.5 224 245
)Y PR 45 1.9 5.0 33.8 6.3

BB 12 m, 43R 8 vTLAE H, Hhimkit
THEINZMEE L 4 m R, FILTETH S PR
BH A1 Py I REARYE S TILZ 0 5 3 - B % 240
T, P=26.46 kN, HFRNEERH /7 0=463.49 kN,

BRIE, 12 Y TR F i BEL b5 O BEL L 43 501 9 <

P .
o-Fai__ 2646 0004—5.49,
P 2646+463.49

LB=1-a=94.6%.

H bk, IS ) REGERCK, A nlEE S
FR) 2 32 SO v PR AT A ) e 4 Bt 2 PR RO, K
it EE, WRIZR KRR L EEESE, MR
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VR FE R HE 0 2 R o R AR B . A e DR
11.5m JEEANH EZ T8 0.0l my 0.01 m,
0.0l m. 0.0l m. 0.01 m. 0.02m. 0.03m. 0.1 m.
0.lm. 0.1m. 0.1m. 0.5m. 0.5m. 0.5m. 1m-.
2m, 2m. 2m. 2.5md 19 M=,

RN T AR 45 R B, K A ar By AL
160 kN 240 kN 320 kN 43 5 i+ 5 HH B7 (A SE T BE
i, RS I ER e S 00 I R DL R SCHR[22]4%
FELRE: ) B SHL 77 35 53 4 A A58 284 T B LR R B 3 AT
ke, 13 9 fims.
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BEVF R AR B AL . 25 FE AR EE B A7 AN 5190 A
Pt SR R BN TERE HOR 50 A, HIE
6 SE PR AR

x99 MEHEESTMERL

Table 9 Comparison between calculated and measured

settlements
AN R IR TR PN BE B S) Ay A BT A DR SR
SEE /mm VLB T {H/mm mm
160 2.64 3.04 2.83
240 3.95 4.56 4.24
320 6.71 6.08 5.68
5 Zhig

TEFF R RFIEC L. ARG . IR0
HE BN EAL b, ESAE T RTESLE  E
VAP i) S AR e B i S N ) | | A R = ]
L DRV ITESE, I 5| I 58T A e HohE
IOAUE T UURE TSR A B S oA . E LSRR
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e, HoA LT 4 ) 2O A T £ R
AP 80%.o T A AL e 1 73 AT BN i
AL A AR 2R R0 A

(2) F= T2 ST B Ak A 0 BE BH 5 AN 35 &) o A A
A, fE Mindlin B JJfE 58S TR, &AL T
HRESFIRNL Y AT JE O EE B 7 7= 28 1 B n 2
VRIS DL B R =AM R AR Ry AR
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AP IIRE 77, FEBRINSE ) 32 B e e T B A
ZEMBR, B TR BES R 22 RN, &R TE
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