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Investigation of Axially Loaded Jacked Pile Behavior by Pile Load Test
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Abstract

Jacked pile that involves the use of hydraulic jacks to press the piles into the ground is free from noise and vibration,
and is possibly installed within a limited construction area. Thus, as an alternative to conventional pile driving methods,
pile jacking could become widely accepted for the construction projects in urban area (e.g., reconstruction or remodeling
construction projects). Great concern has arisen over the prediction of axially loaded jacked pile behavior. Against this
background, a series of pile load tests were hence conducted on a jacked steel pipe pile installed in weathered zone
(i.e., weathered soil and weathered rock). From the test results, base resistance and shaft resistance for each test condition
were evaluated and compared with the values predicted by the previous driven pile resistance assessment method. Test
results showed that the previous driven pile resistance assessment method highly underestimated both the base and shaft
resistances of a jacked pile; differences were more obviously observed with the shaft resistance. The reason for this
discrepancy is that a driven pile normally experiences a larger number of loading/unloading cycles during installation,
and therefore shows significantly degraded stiffness of surrounding soil. Based on the results of the pile load tests,
particular attention was given to the modification of the previous driven pile resistance assessment method for

investigating the axially loaded jacked pile behavior.
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Fig. 1. Soil profiles and SPT N variations of the test sites: (a) Site 1 and (b) Site 2
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Fig. 3. Installation procedure of the test pile
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Table 1. Summary of the pile load tests
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Location Site 1 Site 2
Depth (m) 35 | 45 | 55 | 65 75 | 85 | 95 [ 105 [ 85 | 95
Subsurface layer Weathered soil Weathered rock Weathered soil
SPT N value 32/30 37/30 40/30 50/22 50/15 50/11 50/9 50/10 44/30 50/30
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Table 2. Experimental allowable bearing resistance of the test

pile
Test no. Depth (m) | Allowable bearing resistance (kN)
1-1 3.5 150
1-2 4.5 260
1-3 5.5 333
1-4 6.5 461
1-5 7.5 579
1-6 8.5 588
1-7 9.5 647
1-8 10.5 706
2-1 8.5 207
2-2 9.5 296
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Fig. 4. Axial load-settlement curves at the pile head: (a) Site 1 and (b) Site 2
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Table 3. Experimental allowable base and shaft resistances of the test pile

Test no. Depth (m) Allowable base resistance (kN) Allowable shaft resistance (kN)
1-1 3.5 114 36
1-2 4.5 174 86
1-3 5.5 190 148
1-4 6.5 253 208
1-5 7.5 322 257
1-6 8.5 297 291
1-7 9.5 295 352
1-8 10.5 316 390
2—1 8.5 134 73
2-2 9.5 151 145

Table 4. Predicted allowable base and shaft resistances of the test pile (the error rates are given within the parentheses)

Test no. Depth (m) Allowable base resistance (kN) Allowable shaft resistance (kN)

1-1 3.5 122.5 (7.5%) 22.7 (—36.8%)

1-2 4.5 131.0 (=24.7%) 40.8 (—=52.6%)

1-3 5.5 132.4 (~30.3%) 57.3 (=61.3%)

1-4 6.5 156.0 (—38.3%) 70.6 (—66.1%)

1-5 7.5 147.9 (-54.1%) 90.5 (—64.8%)

1-6 8.5 140.8 (—52.6%) 111.3 (—61.8%)

1-7 9.5 133.9 (~54.6%) 132.1 (~62.5%)

1-8 10.5 127.7 (~59.6%) 152.8 (~60.8%)

2-1 8.5 146.3 (9.2%) 37.8 (—48.2%)

2-2 9.5 161.7 (7.1%) 61.9 (—=57.3%)
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Table 5. Predicted allowable base and shaft resistances of the test pile (the upper bound of SPT N values is increased to 100, and the

error rates are given within the parentheses)

Test no. Depth (m) Allowable base resistance (kN) Allowable shaft resistance (kN)
1-1 3.5 122.5 (7.5%) 22.7 (—36.8%)
1-2 4.5 131.0 (—-24.7%) 40.8 (—52.6%)
1-3 5.5 132.4 (-30.3%) 57.3 (-61.3%)
1-4 6.5 212.7 (=15.9%) 82.4 (—60.4%)
1-5 7.5 295.7 (—8.2%) 118.9 (=53.7%)
1-6 8.5 281.5 (=5.2%) 165.6 (—43.1%)
1-7 9.5 267.9 (=9.2%) 191.9 (—45.5%)
1-8 10.5 255.2 (=19.2%) 233.4 (—40.2%)
2-1 8.5 146.3 (9.2%) 41.2 (—43.5%)
2-2 9.5 161.7 (7.1%) 67.2 (—53.6%)
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Table 6. Predicted allowable shaft resistances of the test pile
using proposed n value (=3.7)

Test no. Depth (m) | Allowable shaft resistance (kN)
1-1 3.5 42.1 (16.8%)
1-2 4.5 75.4 (—12.3%)
1-3 5.5 106.0 (—28.4%)
1-4 6.5 152.5 (—26.7%)
1-5 7.5 220.0 (=14.4%)
1-6 8.5 306.3 (5.3%)
1-7 9.5 354.9 (0.8%)
1-8 10.5 431.8 (10.7%)
2—-1 8.5 76.3 (4.5%)
2-2 9.5 124.5 (=14.2%)

LETOINES S8 LUZ2U=R0| AXNIKHS 24 47

S T4



Predicted value (kN)

s}

ig

A

800

o 'Previo'us met'hod

700 - e Revised method ° |
600 | * 1
500 | Predicted = Experimental ___ ¢ 1
400 [ 1
[ ]
300 [ o 1
=}
. o ® o &
200+ 2 o o |
o

100 Il Il Il 1 1 1
100 200 300 400 500 600 700 800

Experimental value (kN)

. 8. Comparison between experimental values and predicted
values

il o
ofi
o
£
-9,
Nlﬂl
ah)
olN
e
s
I-
ofi
o
rlr
)
o2
o
e
fo
5&
T
k1
L

5.4 B
B ApolAE gAwREe] ALNAAS L o
AR e Brtel7] Qletel BEASIATE 44819
o mAX o] Py W A BARg] AR A
LET Qe ATIES 2uje) PEAQ ARkel E3}
B 9 FE00) QRN AT H FEASA TS
Sl 2 W AR ASS BAS R, theT)
2o AR w=2a9lt
(1) SrlmEEe] Zuxxe @ Agx|xee wE
o] ZUHET} Pol W5 Zrleigr) ol 2
HE7} oA o] Z718l1 WiEo] A4
A8 F3hE 9 Eslorze) Ak AR AX o
ot} ot EsjQtEol AL Awo] i i)
ol7} AtiH o2 Hol, WHE Atto] EaorEo] £
Ak 79 2UYAE Z7ho) me dexA e 2

2

48

of WS Treie FokES U FaEo] Fg 4
A3 wrgst) RG] RO BerE

s=XIBtSsel=2d H34A M7=

(3) 5ol SPT Ngkt 50 of3}el Foflut i 3
AR A o] SR AS3ke] Alol= AT
o FHF|A FEHAA e o= oY
ol kgl Hls o5 AX| A] 7ol 7hehe=
515-2] WHE3l4=7] o] fatigue mechanismo]] 2]3t
FHAAE darh AA vedr] wiZel, 4dd
o] =AY oSkl Hls A EHH
Ao g ehEh

(4) IGM 7|5 AHg-8to] Tdlt F3tE 9 F3keke

o

Z e

r of

g gGrHAS JfAstgich S AR Y By
° & A AN A Gt BEASAY DI v
3 Au} 2 9 Aekx| o] 02t 242} 13.4%

2l e A
A dEd=e] dHAAAE E AHAAGE A5
sh=dl 282 - & Aozt 7Ididnh vt &
oA Agket e Sl ASE AR Hol A AR
o oha IA A s A7t 2

Z1F8 (References)

1. ASCE 20-96 (1997), Standard Guideline for the Design and Installation
of Pile Foundations, American Society of Civil Engineers.

2. ASTM D 1143-81 (1981), Standard Test Method for Piles Under
Static Axial Compresive Load, American Society for Testing and
Materials.

3. Burland, J.B. (1973), “Shaft Friction of Piles in Clay: A Simple
Fundamental Approach”, Ground Engineering, Vol.6, No.3, pp.
30-42.



. Chow, F.C. (1995), “Field Measurements of Stress Interactions

between Piles in Sand”, Ground Engineering, Vol.28, No.6, pp.
36-40.

. Chow, F.C. (1997), Investigations into the behaviour of displacement

piles for offshore foundations, PhD thesis, Imperial College, University
of London.

. Davisson, M.T. (1973), “High Capacity of Piles”, Proceedings of

Lecture Series on Innovation in Foundation Construction, Illinois

section, Chicago, pp.81-112.

. Fellenius, B.H. (1990), Guidelines for the interpretation and analysis

of the static loading test, Deep Foundation Institute, pp.4-7.

. FHWA (1996), Load Transfer for Drilled Shafts in Intermediate

Geomaterials, Publication No. FHWA-RD-95-172, Federal Highway
Administration.

. FHWA (1999), Drilled Shafts: Construction Procedures and Design

Methods, Publication No. FHWA-IF-99-025, Federal Highway
Administration.

. Hansen, B.J. (1963), “Discussion on Hyperbolic Stress-strain Response:

Cohesive Soils”, J. of the Soil Mechanics and Foundation Division,
ASCE, Vol.89, No.SM4, pp.241-242.

. Heerema, E.P. (1980), “Predicting Pile Driveability: Heather as an

Illustration of the Friction Fatigue Theory”, Ground Engineering,
Vol.13, pp.15-37.

. KGS (2009), Standard Guideline for the Design of Foundation

Structures, Korean Geotechnical Society (in Korean).

. Kim, S.R., Chung, S.G., and Dzung, N.T., “Determination of True

Resistance from Load Transfer Test Performed on a PHC Pile”,
J. of the Korean Geotechnical Society, Vol.22, No.11, pp.113-122
(in Korean).

. KOSA (2005), Guideline for the Design and Installation of Steel

Pipe Pile, Korea Iron & Steel Association (in Korean).

. Kwon, O.S. (1998), Experimental study on the shear strength and

deformation characteristics of weathered soil, PhD thesis, Department
of Civil and Environmental Engineering, Seoul National University
(in Korean).

. Lee, S.H. (2015), Systematization for evaluating ultimate bearing

capacity of drilled shaft socketed in weathered zone, Master thesis,
Department of Civil and Environmental Engineering, Seoul National

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

University.

Lee, S.G. (1993), “Weathering of Granite”, J. of the Geological
Society of Korea, Vol.29, No.4, pp.369-413.

Lee, J.H., Kim, W.C., Seo, D.D., and Nam, H.W. (2006), “Case
Study on Design of Axially Loaded Drilled Shafts in Intermediate
Geomaterials(I1)”, Journal of Korea Geo-Environmental Society,
Vol.7, No.l, pp.19-28 (in Korean).

Lehane, B.M. (1992), Experimental investigations of pile behaviour
using instrumented field piles, PhD thesis, Imperial College,
University of London.

Lehane, B.M., Jardine, R.J., Bond, A.J.,, and Frank, R. (1993),
“Mechanisms of Shaft Friction in Sand from Instrumented Pile
Tests”, ASCE J. of Geotechnical Engineering, Vol.119, No.GT1,
pp-19-35.

MLTMA (2008), Determination of Resistance Factors for Foundation
Structure Design by LRFD, Ministry of Land, Transportation and
Maritime Affairs (in Korean).

Meyerhof, G.G. (1976), “Bearing Capacity and Settlements of Pile
Foundations”, J. of Geotechnical Engineering Division, ASCE,
Vol.102, No.GT3, pp.197-228.

Seoul (2006), Standard Guideline for the Site Exploration, Seoul
Metropolitan Government (in Korean).

Vesic, A.S. (1970), “Test on Instrumented Piles, Ogeechee River
Site”, J. of the Soil Mechanics and Foundation Division, ASCE,
Vol. 96, No. SM2, pp. 561-584.

White, D.J. and Lehane, B.M. (2004), “Friction Fatigue on Dis-
placement Piles in Sand”, Geotechnique, Vol.54, No.10, pp.645-658.
Yang, J. and Li, X.S. (2004), “State-dependent Strength of Sands
from the Perspective of Unified Modeling”, J. of the Geotechnical
and Geoenvironmental Engineering, ASCE, Vol.130, No.2, pp.
186-198.

Yang, J., Tham, L.G., Lee, P.K.K., Chan, S.T., and Yu, F. (2006),
“Behavior of Jacked and Driven Piles in Sandy Soil”, Geotechnique,
Vol.56, No.4, pp.245-259.

Received : June 1%, 2018
Revised : June 19"', 2018
Accepted : June 20" 2018



