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Bored piles’ vertical bearing strength evolution in sulfate saline soil
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(1.Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;
2.Key Laboratory of Geotechnical and Underground Engineering ( Tongji University) , Ministry of Education, Shanghai 200092, China)

Abstract ; Content of sulfate ions is relatively high in saline soil that can deteriorate the bearing capacities of bored
pile and related studies are rarely reported. To clarify the evolution rules of bored piles’ vertical bearing strength
and the effects of pile length and pile radius on bearing strength after sulfate attack, bearing capacity evaluation
model of bored pile was established based on the sulfate corrosive reactions and mechanism in sulfate corrosive
condition. By combination with cases, the evolution rules of side resistance, end resistance and pile compressive
strength were studied. The influences of pile diameter and pile length on bearing properties were analyzed and
compared. The results show that the side resistance, the end resistance and the pile compressive strength change
after sulfate corrosion. The side resistance of pile depends on stress redistribution and concrete deterioration around
pile caused by sulfate corrosion products, and is also affected by the length and diameter of pile. The end resistance
reduces with increasing depth of sulfate corrosion because the effective area decreases after corrosion. The
compressive strength of pile decreases rapidly during sulfate corrosion process. It concludes that increase of pile
diameter can enhance the resistance ability against deterioration, and the pile diameter increase can enhance the
anti-sulfate corrosion ability for pile foundation design in saline area.
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Fig.1 Schematic diagram of pile bearing capacity
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Fig.2  Variation of diffusion depth with corrosion time
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Tab.2  Variation of bearing capacities with different pile length

MEfR/ e MBS uRBE BORE1, BiRE/
m m kN kN kN %
10 1177 -196.8  -79.0 2.8
25 52.1 -196.8 -144.7 1.6
12 50 -696.0  -196.8 -892.8 3.1
100 -4587.7  -196.8 —4 784.5 43
10 -12.2 -68.2  -80.5 13.1
25 -291.2 -68.2 -359.5 13.3
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100 -6362.1 -68.2 —6430.3 16.1
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Tab.3  Variation of bearing capacities with pile diameter

Wefz/m B I/KN  SmBHI/KN RRERTI/KN KRR/ %
0.4 -291.2 -68.2 -359.5 13.3
0.6 -204.3 -105.6 -309.9 7.4
0.8 -117.4 -143.0 -260.4 45
1.2 52.1 -196.8 -144.7 1.6
1.6 212.4 -264.3 -51.9 0.4
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Fig.6 Variation of pile compressive strength with corrosion time

4 % b

AR X B R 5 1 PR AR Sk 1 ARk
P8 P2 S I ML R B R kot 8 et B AR 3 A
PR BIDTFERI M, 45 PR 158 1 PR 58 T Ak
HRERERTTR A 30, RS & RO M 16
PRER T L ok T B AR AR I B v AR ML, R A
LU &

1) FEEARIR BE AR BH 7 52 218 ik 7= P AR |
2 5 2 8 A o YR 5 2 A RN 107 3 B A1 ) 5
M, [73) A0 A A AR AL AL 5 Ak BEL 0 0 ey T
P A 250 1) AR TR /N TR A

2) TEREME R 2T SRR AT A S8R A
PR B T AR AR, RIVHEAS B R R 3
TIHRIRAS N s A S IR S THIE TR 2138 5
AL (HJE 5 BRI RN L.

3) BIRER T L P AR R BRAR AR A A
o S L5 AR AR 8 ) A RO R AR T RV /I WAL T 56
JERBRARER AL I L2 T a4 LR RO,

4) BRI AR 157 L I8 ok 5 | RE AT A KA B AR A8 sl N
FIHGFRE , BUB BT, W25 R AR A J5 k.

5 Xk

(1] REk, IME, M. Ehibs DX v s TR E L Y C L AR R A
PERELJ]. BEFUMBIER, 2003, 6(4) :410-415.
YU Hongfa, SUN Wei, HUA Puxiao, et al. Proportion and basic
properties of high strength concrete used in salt lakes[ J]. Journal of
Building Materials, 2003, 6(4) :410-415.

(2] E3cf, &, K, 553t LI S B R EE o [ )] 1
MERSE R, 2011,45(3 1) : 11-15.
XIA Wenjun, ZHAO Yang, ZHOU Xin, et al. Analysis of corrosion
mechanism of saline soil and prevent ion measures [ j]. Journal of

Shang Hai Jiao Tong University, 2011,45(S1) .11-15.



55 6 BT A BRI T 8 1) R AR A LA -89 -

(3] Zea, B, RM, 4. TSR T URTT BUR KRR 5T #1
w7, hER2AR , 2012, 67(9) :1233-1245.

LI Jianguo, PU Lijie, ZHU Ming, et al. The present situation and hot
issues in the salt-affected soil research[J]. Acta Geographica Sinica,
2012, 67(9) :1233-1245.

[4] ROUSANA, HADDAD R, SA’ DI K A. Effect of sulfates on bond be-
havior between carbon fiber reinforced polymer sheets and concrete
[J]. Materials & Design, 2013, 43,237-248.

[5] E5. BREEELBIHL X HUsk R IREE L BTSSR T]. SUSRHLE
L THLAL ,2002(3) :22-24.

WANG Ze. Study and application anti-corrosion concrete in coastal sa-
line area[ J]. Road Machinery & Construction Mechanization, 2002
(3).22-24.

(6] P BRR H: 5 SUER 2 Dl PR AT 2l FLE T AL B A o %) 3
[J]. WRATEHF 5Bt 2014(8) :70-72,10.

LU Yongcheng. Anti-corrosion measures of bored pile in the environ-
ment of sulfate and chloride salt[ J]. Urban Roads Bridges & Flood
Control, 2014(8) .70-72,10.

(7] &AL, IME, KT, 5. IREELTEMMRE: SAEER P il
WRR[J]. RERRER 2, 2006, 34(5) :630-635.

JIN Zuquan, SUN Wei, ZHANG Yunsheng, et al. Damage of con-
crete in sulfate and chloride solution[ J]. Journal of the Chinese Ce-
ramic Society, 2006, 34(5) :630-635.

[8] sk, Ak, HFKBEBEIFA SR M]. i R R R
#t, 1997.

ZHANG Rui, WU Lingao. Government and evaluation of underground
water resources[ M ]. Shanghai: Tongji University Press, 1997.

[9] ftios. Lo TR BAEE T IR EBE L 45 H T A T IS 5T
[D].HRIL WITTK2:, 2005.

HOU Jinghui. Studies on the durability of reinforced concrete structure
exposed to soil and groundwater environment|[ D]. Zhejiang; Zhejiang
University, 2005.

[10] = 3Cf, BXPH, JHRK, 4. S ARER ST T AL 1T (1], 2 8%
ACHFHE, 2012,96(12) :207-210.

XIA Wenjun, ZHAO Yang, ZHOU Xin, et al. Corrosion mechanism
analysis of coastal saline area[ J]. Highway traffic science and tech-
nology, 2012, 96(12) :207-210.

[11] 3, JWIL, ZRdu . IREE L HUa Rk R ik R it i 517
WITELR Y], REEL, 2008(2) :39-40.

YUAN Xiaolu, ZHOU Mingkai, LI Beixing. Comments on test meth-
ods for measuring sulfate resistance of concrete[ J]. Concrete, 2008
(2) :39-40.

[12]BEh, TR, TR, 45, BRRRER 1Rl R BE - 4548 i A M r 40
PEFFELI]. IREEL, 2008(8) :45-49.

HUANG Zhan, XING Feng, XING Yuanyuan, et al. Durability dam-
age of concrete structures caused by sulfate attack [ J]. Concrete,
2008(8) :45-49.

[13] 6 R g iiRsE L a5t M]. dbat: Begilifidt, 2011
JIN Weiliang. Corroded concrete structures| M ]. Beijing: Beijing Sci-
ence Press, 2011.

[ 14]JAMES A N, EDWORTHY K J. Effects of water interactions on engi-
neering structures [ J ]. Hydrological Sciences Journal, 1985 (30) :
395-406.

[15]JPARK Y S, SUH J K, LEE J H, et al. Strength deterioration of high
strength concrete in sulfate environment[ J]. Cement & Concrete Re-
search, 1999, 29(9) :1397-1402.

[16]RELK, IME, IRIEAE, S5 SR XA A TR BE 1 2451 1 F 5 A
AOTIMAR T K FER [ T]. AR RS2 ( A SRR 1), 2002,
32(4) :638-642.

YU Hongfa, SUN Wei, MA Haiyan, et al. Prediction model for serv-

ice life of reinforced concrete structures in salt lakes and its applica-

tions[ J]. Journal of Southeast University ( Natural Science Edition) ,
2002, 32(4) :638-642.

[17)RHIE, Sk, 2R, 55 SRR EE 1A (I s oo [ 1],
AL TRRAAE R (A ARERR) , 2011, 28(4) :14-17, 29.
AN Xinzheng, YI Cheng, JIANG Xinpei, et al. Research on corro-
sion damage of foundation reinforced concrete members in geotechni-
cal environment[ J |. Journal of Hebei University of Engineering ( Nat-
ural Science Edition) , 2011, 28(4) :14-17, 29.

[18)REZR 5. WR#E - TR T S AMmE [ M]. bt
1996.
HAN Sufang. Reparation and reinforcement of concrete engineering
[M]. Beijing: China Ocean Press, 1996.

(19 BREETT 1A 40, Rk T . LR 250 TR Rt S AbE[ T] 8
FHAR ,2002,33(4) ;248-253.

CHEN Zhaoyuan, XU Youlin, QIAN Jiaru. Safety and durability of
structural works in civil engineering[ J ]. Architecture Technology,
2002, 33(4) :248-253.

[20]GAO R, LI X, XU Q, et al. Concrete deterioration under alternate
action of chemical attack environments[ C]//International Conference
on Multimedia Technology.[ S.1. ] IEEE, 2011,35(2) ; 1008—1012.

[21 ]WHITTAKER M, BLACK L. Current knowledge of external sulfate
attack[ J]. Advances in Cement Research, 2015, 27(9) :532-545.

[22]CHRYSTAL A. Diffusion-reaction model for the internal sulfate attack
in concrete[ J |. Construction & Building Materials, 2016, 102(2) ;
531-540.

[23] TIXIER R, MOBASHER B. Modeling of damage in cement-based

materials subjected to external sulfate attack-part 2: comparison with

T VE A

experiments| J |. Journal of Materials in Civil Engineering, 2003, 15
(4):314-322.

[24]CHRYSTAL A. Diffusion-reaction model for the internal sulfate attack
in concrete[ J |. Construction & Building Materials, 2016, 102(2) ;
531-540.

[25]IDIART A E, LOPEZ C M, CAROL I. Chemo-mechanical analysis of
concrete cracking and degradation due to external sulfate attack: a
meso-scale model [ J]. Cement and Concrete Composites, 2011, 33
(3) . 411-423.

[26]RAPHAE E, TIXIER L, MOBASHER B. Modeling of damage in ce-
ment-based materials subjected to external sulfate attack I: formula-
tion[ J]. Journal of Materials in Civil Engineering, 2003, 15(4) ;305
-313.

[27]“{@& ZEukeT, RS, Hb R 4R TR BE B R

AEIRAL[ M. Jbmt. P EBGE AL, 2011,
DU Jianmin, LIANG Yongning, ZHANG Fengjie. Mechanism and
performance degradation of underground structure attacked by sulfate
[M]. Beijing: China Railway Press, 2011.

(28] b SR AT T e, SRR AR LN JGJ 94—2008 [S]. b
A EER T H AL, 2008.

China academy of building research. technical code building pile
foundations ; JGJ 94—2008 [ S]. Beijing: China Building Industry
Press. 2008.

(295K T, . BRARERIE R IREE + 2 AR )], iy
IRBET AN K241, 2008,40(4) :532-535.

LIANG Yongning, YUN Yingshu. Constitutive relation of sulfate at-

B AL R

tacked concrete under uniaxial compression[ J]. Journal of Harbin In-
stitute of Technology, 2008,40(4) :532-535.

[30]%kwkT, £, LM, 5. IREE LA E 7 BRI
[J]. IRBEEL, 2011(3) :11-13.
LIANG Yongning, WANG Jia, KONG Haixin, et al. Study of sulfate
diffusion coefficient in concrete[ J]. Concrete, 2011(3) :11-13.

(iR AWE)



