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Effects of corrosion on bearing capacity of steel pile foundation in acidic soil

WANG Feng-chi, GAO Huan, FENG Xu-ning, LIU Tian-tian
(School of Civil Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: Soil acidity is one of the reasons for corrosion of steel piles. The material deterioration of steel pile foundation served
in the acidic soil will affect the safety and durability of pile foundation. In order to understand the bearing capacity of corroded
piles, the indoor model tests are carried out under two kinds of neutral and simulated acidic soil environments. The pile cap
settlement and the pile tip resistance changing with the loading and unloading of pile top are tested. The changes of the soil
layer settlement, pile tip resistance, pile axial stress and friction resistance in the process of ground load-consolidation are also
measured. The results show that because the steel pile surface produces a lot of loose rust, the adhesion of pile-soil interface is
greatly reduced. So the settlement of corroded pile cap is larger than that of non-corroded pile, and the end resistance of the
corroded pile is also larger than that of the non-corroded pile. But under the load-consolidation conditions, because the loading
accelerates the consolidation of soil between piles, the pile-soil interface is re-compacted, and the pile end resistances of both
single pile and pile groups decrease. The neutral point location of corroded piles descends. The more the corrosion rate of piles,
the more the lateral negative friction resistance of piles, and the more the changes of axial force at the neutral point position.
The results may provide references for the studies on the loading performance of all kinds of pile foundations under corrosion
condition.

Key words: acidic soil; steel pile; corrosion; bearing capacity; consolidation; neutral point

El

it

SNV, IR B T T B AL R S

N AR, TS s, W M. BRI SEUNIEE K EERR . —. ki

MR DS X A 2R AR i e W AN R

AFERENE. H BV A S BIEMAHE, U screwed

steel pile®s

(2015-57)

TR T ERRYE SR BRTEK . BRPE[EAY) YRS HE: 2015-12-17

TR NE 3 R A BRI R A AN A, K AR T A

EE&TH: EXARREELSTE (51578348); L T4 HEF#RMF
AA SR RITE (IR2013026); T34 “BHTHAA LRE” HH



33

TR, S5 FRAE B o SR S AR AR R O 409

BUHE S APRL 5L, AREIERERRAR, WSR2 AP AT
[TFNESIIENS- AR

PALERR Y 39N (O JE T AT D92 WF T AN P ) 2
fitt. pH (EAGR T HIRAIBRTUL, fESRZ &R ikt
< T K P R 10 pH BN T 5 R P 3 v
SRR AT AT o B e R R i
v, 3 P A ARG R T O S R T A
IR P v T A i S B T M B R R A R, A
TN 2R sk o 7 SR v R R 1 R AL
YIRRIR Er, A2 BRI RS R TR ke —
ok, LSRN, RN, EE R
It HE LB I AL K S0 Q235 ANAE B
k3R B AT R B, BE KR NG, T
Thig R EPUERE IS RS KRR, Q235 ik
PEAT R BESKERTE, IR d A R g
M AL 5

HAT, I AN A 3 b i SR AT v A Y
FI7id: JeBn AR 52 B - S BAL R BT A ) £
SRS AU 2 4 J BRI o 22 SR FR AR
(R 53 » AT ) Sl A R M R i
T T IR B o TR Bt - ) 5 FE AR A DL B K AL
RS ) RO A RO SR ANAE R T 3 T (R AT
IR FE R T R iy ikt

o LA A B TR Mty K 22 B P P P Ao 1 4K
b, AR ANAERAL . B, 0 TR B
JE P B A RERIE TR ATIC N B, AR SR AR AL
BRVEAR g8, S8 I PR A P T AN P R B P g
RERAES, 32 B T IR M b T B B el 1) 52 P
AIHE 3 [ 25 I RO, AT A JE Ak 2% T 25 SRS 3
T PERERT FLIR S %

1 HERFRE
1.1 RIEFEFNR BT RO
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50 mm [PIHEZK IR, 7EHEZK A It 4 5 9 LA 1k 37
o BALRIGAT B AN 1 . 0 AR R b
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Fig. 1 Layout of model tests
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Table 1 Parameters of cohesive soil

H 1l jS,H

WE WA gl e 8RO g
NSt T ek G
18.0 89.0 18.5 7.5 16.0 3.22

1.3 RIELIZ
ARSCAT T H AT R T PR AP IR T 1R A AT AT
W4 . BRI 2 Fios.
2 oA

Table 2 Test groups
I8 Ny o
TR R s I T o
(mm X mm)
N1 FpE B — 150X 150
N2 HhE FHE 3d 350 X350
N3 HhE FHE 3d 350 X350
N4 HhE FHE 3d 350 X350
N5 HhE FHE 3d 350 X350
N6 Hrk FRCM A 3d 350X 350
Al [igEs PR — 150X 150
A2 Rt FHHE 3d 350 X350
A3 (7418 HE 3d 350X 350
A4 g b 3d 350 X350
A5 (7418 HE 3d 350X 350
A6 Pl O 3d 350X 350
¥ . 7EBTRAT PO RLEE 60 mm HS R 1 9
HAKE, At Ah KRS UHY . K5, T

+ BN LR R IR, R R R L F
150 mm. KA AR Ry (R AR 30 B P e e R AT
FEAEAE g S B A b s A R, FH RIS o BEL S
WG ZEA S . HTERUE, M 100 do JEPH5E K
ZJ5, #E 48 h, RIFIFIRTEAR S ERHT 0 SOmEn 4L,
DN HR AT T 7 5 0 2 1 AR A DA R i i L 3 4L () 284K
PETRINAR GE M2 J5, FFAEREAT i 4R, R [RIIE RS
NI 5 AT B IR AR T ME A, (T HE R IA F
6 kPa /47 .
1.4 BHaiEREERET

WG R B, AERER T 3 55 rh AR X f2 s ke
PIA TR AT . Bk, BRI ERNEUE T, 5
T AT P BH 5 3 B 23 i OG BRI R2 R . 7RIS S RS
ME AR he . e SR AR B ih i JoT AL R0
B, BIANEhE ko

p=Mo=Me 1009 . (1)

0
Xk NEMR (%); Mo AR AT BE AT 46 5
B (kg); M, NBEMRHERIBER R (kg L

(1) THERBERUBE R A ansR 3 fos
* 3 BAWMEE AT RETLER

Table 3 Quality change of piles before and after corrosion

o o JE5 Rl &S JE R
WS AAE Mye MJe 1%
Al PR 2549 .4 2488.1 2.404
A2 FHHE 2551.7 2481.6 2.747
A3 FHAE 2548.9 2487.2 2.421
Ad FHAE 2550.2 2510.1 1.572
A5 FHAE 2550.7 2491.4 2.325
A6 FRtbE 2549.1 2513.3 1.404
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2.1 [ETHBIEHEIUA & INENE SRR K Rk

L BRI RUE h 2 J5 . BETIUR & TR
FEOR, Wl 2 PR SRR N A SpE . FERERE T

B YRR B WA B3GR 13.1%F 11.7%. X
TRAE L, MR- T KR 0N R BE g 52
R, G BRI - Eh 2 )5, SRR ™4 K
BRI IE MY, BB RGN EAL . B,
At F T RG5O ORRRAR, A s BE AR, 3t i
PAAEMETUR G U R KRIIILR . 535k, BRYVE L5 1
RIS RE DR (KRR, TR T RE T K & )
BT RE P TR LL B .

2 [RIRET RN A & I ENE 5T O AR Rk
Fig. 2 Relationship between loading-unloading on pile cap and

settlement before and after corrosion
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Fig. 3 Relationship between loading-unloading on pile cap and

tip resistance before and after corrosion

[ 4 RAHEIRRE AR I RE T ER
Fig. 4 Relationship between maximum pile tip resistance and

corrosion rate
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Fig. 5 Change of soil settlement with consolidation time
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FERRME - 3rh, Ak i PEL 7318 2] 28 P ) 0 98 i a4 5%
WTREAR, 4[E45 720 hiy, Bk PH A E AN Tkt
oA A S BB CBRBRIAE T, HERE AU
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Tk TR T B E AR RS, AR
[MIANSE, DT SEAE (0 BE BE 0 385 0, T Ak T Ay A
ARFRIE DL 5 A3 B (A P oo o W3 22 A i A E B
JIRAFE R KA I JE kot 3k g EL 7 PR S0 H 85K
RO, RS IR b 2 T A i S A R4
B4k, T HERE LS BT R S R TR RA A K
e, SR E R R n 7 HEIEE AT .

& 6 [@ihalfEHinFE BEE LSBTk
Fig. 6 Relationship between consolidation time and tip resistance

of pile before and after corrosion
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T 6 T [ AL T FAEA B R R /MK A4 BE, TEAH
I [/ 235 WsF ') " A BEL 4B AR A R AR 3.5%. 1T I,
o R v AT A it BEL D (L PR R R . Bt ]
SEIN TR 3G 0, AR BE A E AR R IR BT R AIG. IX 2
F it AR [ 5 T R R R e, A o BEL (R OR
WikeE, R TR R P A A 1 R ok
AN

& 7 T EEZERTE T HEmE D RBERE iR TR
Fig. 7 Change of pile tip resistance with corrosion rate under
different consolidation time
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8 IR ThEIEHE St I FEAE AR B IR Lk
Fig. 8 Relationship between pile depth and axial force of pile
before and after corrosion
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Fig. 9 Change rate of axial force under different consolidation

time
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Fig. 10 Change of friction force of piles with pile depth
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Fig. 11 Change of friction force of piles with different corrosion

rates with the pile depth
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