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Uplift Testing and Load-transfer Characteristics of Model Drilled Shafts
in Compacted Weathered Granite Soils
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Abstract

In the design of foundations for the super-structures such as transmission towers and oil-platforms, the foundations
must be considered as a medium to resist cyclic tensile forces. In this study, the uplift capacity of the drilled shaft
used as the medium resisting to this pattern of forces is investigated by performing cyclic uplift test of a small
model-drilled shaft constructed in compacted granite soil in a steel chamber. In this test, the behavioral difference between
a pile loaded on the top of the pile and a pile loaded at the bottom of the pile was investigated intensively. The load
transfer curves obtained from the test were investigated by changing the confining pressure in the chamber. The load
tests also included creep test and cyclic test. It is found from the tests that uplift capacity of the shaft loaded at the
bottom is greater than that of the shaft loaded on the top of the pile. It is found also from the creep test that the
pile loaded at the bottom was more stable than the shaft loaded on the top. If a pile loaded at the bottom is pre-tensioned,
the pile will be most effective to the creep displacement. It is found also from the cyclic tests that apparent secant

modulus obtained in a cycle of the load increases with the number of cycles.

2 X

A7) 2, ojof SRE 52 o7 T3-S vHE AR WA ol $7]Ae Aol Agoith & AFolA
g F2E 7122 AMgEE @4 U E] oig o F7] sk dido] tid ASSAE E4sIHs A
o

£ 1

THEPA TR et QIAAE S AT B3] FskEo] e ddka FRe) A4 7iste] A o &, Q3T
Az AGAH Ho|g2 gt AT viFhlE 9] 2ol AHE Fa BASHAT 71Yo] 7Rt ZFEX Yo
245 AR 7 FE Aol 27 WFHTES shdste] AW AJY, AZ A, W IAEE =35
ok Al A, BE AGRITAL] F3t A A o] WE FRALAS] ulF oF 30% A AU B3 A
lEAe] HEo] Zel= el Hha B YA AFS Hyom e UL A $7 2= WP
i3] 2o o Hd Aoz gaEch whEASE Slprt goldol me vhE SAdRAAS w2 A S8k
AFE HRow MAd oA O 5wt o 2 AL= YAk

Keywords : Creep, Cyclic load, Drilled shaft, Granite soil, Uplift capacity

*1 A3, wiAgste FTHOst ER34F 85 ZWS (Member, Asst. Prof, Dept. of Civil & Geotech. Engrg., yujin@mail.pcu.ac.kr)
* RAEY, A ANt EZ87F8 AL (Member, Former Graduate Student, Dept. of Civil & Geotech. Engrg.)

SIAEBIE K20l ErEE A8 HE EHE 2=0| QIZAE & ol M0l §4 105



LE Y

A4 EE HPFRES HERT e FRE
72E 4EPERYE AN AUHE YIS
& AY=S A= ot oloke gal A% aF
2 U BES AFTREM FUYS U H9
2 7120 78 B, 22T el U
FAFE AT HFBRBY S22 AT} S
AR gk B3] $0¢ YW HIBAE 59 7
229 7| 2% FAY vhEs e=us R 3 5
L won F7Ho WaktE BH UYAF
& A4 0A Gk e olsk 2 4% dol Yk
FREE 7)2Sh 7 Aubole] Ha 7k 4
HAHE B4E UER B 85 A5t Heo] o
2 S TR A5 Adel 2718 dEde
2ol st |

AR FRBY 7|2E F7) AR A&HoR @
A ks B3 ABHE DAY 1 Y WE urje
#3 I Eo] Hek A RO FeiA You &
Qo] wsh @7} o|g Agolek E3E A 5
FL 0L Y TS B AFE YF EE S
HoFEL W TEo| ula) L ol 7} o SRolH YR
AAe] o) @Y B A ABSZelA o)l A
& Bojrk. 91FY F% fEAHQ A2 Briaud 5

(1998), Chaouch®} Briaud(1991), ONeill 5{(1990), Reese
9} O'Neil(1972, 1988), Yazdanbod(1979) Sof 25t <
FE 5 4 9lo, o|% Briaud(1998)= 23 9] @4 €
Ao digh AASAFL Fote] QA s1Eo] ZHg
g o] TEo) s1EHo] IAT T2 Z(creep) A%, F
7518 WS wjo] HEAF S B3 vl 9T, O'Neill
5(1990) 2% <te E2E o] gste] Qg TE] of
Ao Wt AFE 42350, Reese & O'Neil
(1988) 7129 A BATEo]| gt chopst A
g Fokste] B g v} Ark BY HERE o%
3t TE 9] Aol 13t AILZ L Yazdanbod(1978)7} Q)
onf oy 74 A7)9) EXE AR Ele] gELEL] A
ERAAF| ALgEtT) Ea FU o] dF eHETE
of B3t AFE AGHHo| Xk T3] APE ojgrort
AT T dREe] @R BATE gt drt g

T 5(1993)9] o2 o] the T, Yun $(1999)0]
S A 29 QA B ol AlE8{200002)
ARRYALAY Fol4 ot 2 5 ek ol F Yun
F(1999)2 QPUN B ol gof FAYE et AL}
Flokel F7te W Funiae F7MENES BED
uf gl

£ A7oAE 57 Qo] WE W] et o
F MolSA4e| Wst L A7) Asto] ME 2e)L AFE
32 sy 93] 2% 4 B2 Yol 7EE =
Agto] A% WES BT QAUAFS AL
£3] 2 AGA A3Eo] W] Aekpile tip)ol 4
A 7tsto] 4 e} BE FR(pile head)ell 7}ekod A o
Hz Qe HSNPE XS AT Y
BEAAFO) ol S FYto] Hek Y 31 A
FeE WHUE o B 379 £2A Fock of
Sf3) A A ool WHANS M 23 L
JHE ZHTORA EX 1) FU9 Aol
of QI W] AF Rolg BT 349
ohgel TE AWA] £715< 3H5AF(cyelic load
test) W ZE| A S WA ANkl SFFEE A
Yol BHE @AE QT E) ThRR AT S4S

243ta7 stk

L

¢

-

Lo > e ol BN

ic)

)

A71A, T = A STALAFE, Tw= & I3 UL

AHY, W = &9 FEFFIh

o QRS QIEEA R AYSr] 9J5t o] 2 mul4]
£ 1)933 Z(truncated cone) 28], 2)L}X% Z(curved
surface) 2d, 3)YE3d HHcylindrical shear) 2 & 2]
Al 7t 2 FECE 1 ZR)EY o8 =Y F tf# 3]
¢l 371x 2E-2 Meyerhof(1968), Dase} Seeley(1975)
9l Chattopadhyayd @} Pise(1986)°f 28] A|et= v} 1t

0]% Meyerhof(1968)2] At ZH2 t# Al HF
Y A P2 Y 29} Zo] WE & F% Y

Fo] BEHO] 2 Lolype) He TE F

i )

A



i
———-
—

. w
+
e *
.\‘ —| D [+
(a) Truncated cone (b} Curved surface  (c) Cylindrical shear D= Q=0 XA C= =
Fig. 1. Models for uplift capacity of shaft Fig. 2. Uplift capacity of piles
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Fig. 3. Free body diagram of circular disc wedge Fig. 4. Schematic of loading point difference
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Table 2. Characteristics of sand and weathered granite soil
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Fig. 6. Grain size distribution curves for sand and weathered
granite soil
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Table 3. Material properties of grout materials
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Fig. 8. Sequence of pile installation
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Table 4. Test conditions

Loading Type| Test No. | 0,tkPa)| 6,(kPa) | Tpugn (£N)

Pile Test # 1 40 80 5.88

Loaded at .
Pile Top Pile Test # 2 60 80 6.86
Pile Test # 3 80 80 7.84
Pile Test # 4 40 80 5.88

Loaded at .
Pile Tip Pile Test # 5 60 80 6.86
Pile Test # 6 80 80 7.84




LOAD SEQUENCE
(Pile Top Testl, 2,3 )

4min

Load (kN)
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T T 1 T T T T
283236 5660 6468
Time (min)

Fig. 9. Load sequence for pile loaded on top
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Fig. 10. Load sequence for pile loaded at tip
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Table 5. Comparison of ultimate uplift capacity

g,= 80 (kPa)
(kgha) Pile type | Tur(EN) —(Z”T_T%ﬂ)/ A=K - tand
40 Top Test1| 10.12 1 2.58
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Fig. 11. Load distribution curve for Test 1( 5,=80, o,=40(kPa)): pile loaded on top
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Fig. 12. Load distribution curve for Test 4( 5,=80, 5,=40(kPa)): pile loaded at tip
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Fig. 13. Load distribution curve for Test 3( 5,280, 4,=80(kPa)): pile loaded on top
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Fig. 14. Load distribution curve for Test 6( 5,80, 5,=80(kPa)): pile loaded at tip
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Table 6. Generated displacement vs. load level

g, = 80 EN/m?
Displacement (1/100mm)
O Pile Top Pile Tip
&N/ m®)
%0f 40 60 80 40 60 80
Ultimate
T 2.0 11.4 1.4 2.1 1.9 1.9
Tso-o 8.2 21.6 8.3 6.6 5.6 5.7
Tso-» 19.0 29.3 14.0 10.4 12.3 10.6 .
Tr5—q 27.0 38.2 19.2 14.5 24.2 14.7
Tis—» 38.4 49.9 28.7 19.9 34.9 20.8
Tsp—c 37.7 47.3 27.2 25.3 52.9 26.8
Tin-a 48.0 65.0 37.0 32.5 69.0 34.2
T2 - - - 30.1 45.2 29.7
Tin - - - 37.4 97.2 40.2
Tsy—a 45.5 58.8 33.4 33.6 62.5 341
Py 156.0 161.0 176.0 1283.0 146.0 1565.0
0 139.0 152.0 158.0 126.0 138.0 141.0
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Fig. 15. Load-displacement curve: (a) pile loaded on top; (b) pile loaded at tip { 5,80, ¢,=40(kPa))
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Fig. 16. Load-displacement curve: (a) pile loaded on top: (b) pile loaded
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Table 7. Creep exponent b value for pile loaded on top
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o, (kN/ m?) 80
0, (N m?) 40 80
% of Ultimate b Value R? K b Value R? K,
Tys 0.1172 0.9994 86.47 0.0947 0.896 171.93
Tso-a 0.0875 0.9574 31.61 0.0640 0.9983 25.96
Tso-» 0.0459 0.8575 14.85 0 - 14.05
Tr5-a 0.0713 0.9957 15.81 0.0366 0.7717 10.74
Tr5-» 0 - 10.45 0.0089 0.8069 6.93
Ts-c 0 - 7.19 0 - 7.22
T 0.0265 0.9981 11.57 0.0288 0.9566 5.51
Too—u 0 - 6.13 0 - 5.88
N.B) Ki9 &2 = kN/mm
Table 8. Creep exponent b vaiue for pile loaded at tip
o, (&N/m?) 80
o (EN/m*) 40 80
% of Ultimate b Value R K, b Value R K,
T 0.1330 0.9659 85.02 0.1024 (0.9836 119.60
Tsp—4 0.0747 0.9844 49.34 0.0256 0.9676 70.92
Ts-s 0.0035 0.6 28.52 0.0034 0.6 37.24
Tr5-a 0.0330 0.9979 31.76 0.0149 1 27.29
Tr5—s 0.0018 0.8 22.17 0.0052 1 18.97
Tip-0 0.0321 0.9063 24.33 0.0247 0.8364 30.38
Tio—s 0 - 18.11 0 - 22.95
Tsp-c 0 - 9.76 0 - 13.19
T 0.0215 0.989 19.43 0.0415 0.937 24.77
Tso—a 0 - 8.76 0 - 11.50
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Fig. 17. Secant-stiffness defined for creep test

Calculation of b and R
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Fig. 18. Example of Calculation of b and R for secant modulus:
loaded at bottom case (5,280, 5,=80 (kPa) & Tigo-a)
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