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Evaluation of the Shaft Resistance of Drilled-in Steel Tubular Pile in
Rock Depending on the Proportion of Annulus Grouting Material

ABSTRACT

Foundation of tower structures such as wind turbine, pylon, and chimney have to resist considerably large overturning moment due
to long distance from foundations to load point and large horizontal load. Pile foundations subjected to uplift force are needed to
economically support such structure even in the case of rock layer. Therefore, this research performed the laboratory model tests with
the variables, W/C ratio and sand proportion, to evaluate the effect of the mix proportion of grouting material on shaft resistance. In
the case of cement paste, maximum and residual shaft resistance were distributed in uniform range irrespective of the changes of W/C
ratio. However in the case of mortar, they were decreased with increasing W/C ratio, while they were increased and then decreased
with increasing sand proportion. In the case of no sand, the maximum shaft resistance was about 540~560kPa regardless of the W/C
ratio. When the sand proportion was 40%, it was about 770~870kPa depending on W/ C ratio, which was about 40~50% higher than
that without sand. The optimum proportion found in this research was around 40% of sand proportion and 80~100% of W/C ratio.
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Table 1. Side Resistance of Drilled Shafts in Rock (KGS, 2015)

Suggester Empirical equations
NAVFAC f,(kPa) = (6.0—7.9)f,"°
(1982) f,(kPa) = (7.9—10.5)f, """
q \05
. FHWA f, =0.65p, p—a) : smooth
.Slde (1999) A [ I \1045
resistance f, =08|—|— : rough
r \ L
Canadian
Foundation Eng. _ q, "’ ,
Manual I =, pi) - f, =0.05f,
(2006)

g, : Uniaxial compressive strength (UCS) of rock,
p, : Atmospheric pressure,

1.,/ : The smaller of UCS of rock and concrete,
1./ : UCS of concrete at 28-days,

1w : Coefficient of friction
L : Drilled shaft of length

S gk SRRATRIAY AP AE AR Ao,
ZHF FHEARE AURAE ghol 23k Zo 2 713l Jltk
wEp] @) A IEC 2 bl WES vi9fslaL T 18
g Aol thehA FRARES R 4 glom, QIERAY
of gk 9 w3t g ol AdEjolTh
bl EsRe] FraxA | gk A= ke 3 o]
, Shdtel) Zhasso] wigld -9-of thalx] Maertens(2002)0]
W3 v} 9ItE Maertens(2002)= 33k detoll dAdsS
A5k e E5e] s Wkl Ale Algks 2As] S1ete]
WIS, S T80, 28878l it Ads7t
T sirhe A7 00k Moon et al2014)2 iblg] A
o] SRlFRRREE A FHIAA Alolo] A 23|
AAEi)a whrst vl lok Moon et al(2014) k] o]
AE A FHARNASS RIAEE 53 Frketalon, oF
IMPa¢] B2 e} Shakir-Khalil(1993a, 1993b)<}
Nezamian et al.2002)= 73 &0l Z=2/E7} RS v =2
Eo} Ak Aloje] Rabdize]] ohe migiztts MR slo] A3
E Fste] st SIES] FAAF s Aelskiirk
718 AT A, b AHEss At ARTS
7Rt ont AR e nixle 1AL gk Frpt vlgst
ok wEpr, 2 Arellas T e wigel} ey
o] FRAA G nR)= JES HrReE] flste] A
ZHEA|(mE) o] wighE elete] KPS skl
AE B3l ekl dabdse] FHRRY Age] 7)zAk
52 AAskarat gtk

)

>

=

(¢}

ol
oft
2

\Su

N

O-
°
e

=,
m
it

s

;O
o
_=J
]



3. A

3.1 HH{QRE=0| ML

Qhabo] e}l AeesEe) Fw Fig. 20] e 23
o] 7 el ek 5 SIck WA, 2 Fage) Aloje)
2, FRarge] 2jAle] Aeiol, Qs FRagel Ajole)
2ol vhue 2 ek ARle) Ausilolck 7t HRe) A4a
% 7K AR G Vel ol Fuiskelzh 9y Aol

Moon et al2017)- Fgole] B/ATIER]o} ) et
a7} QIS MR QRke drsigon, SRyl

Uplift Forcet ¢

Crack =1 [

Fig. 2. Failure Mode

Table 2. Strength of Grouting Materials
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Rock type
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Table 4. Experimental Parameter

S/(S+C) | 0% 20% | 40% | 60%
W/C | 60% | 80% | 100% | 120%

Weight ratio

WO08S2-3 - numeer

—ES : Sand/(Sand +Cement) ratio
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> W : Water/Cement ratio
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10:100% 12:120%

Fig. 3. Specimen |.D.

Fig. 4. Experimental Specimens for Shaft Resistance
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Table 5. Physical Properties of Sand

Specific gravity (Gs) 2.64

Unit weight (kKN/m’) 15.78

o Coefticient of uniformity, C, 1.78
Grain size

Coefficient of curvature, C. 0.77
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