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Study on the Bearing Capacity of Helical Pile through Field Load Tests
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Abstract

This research has focused on comparing the capacity predicted by the theoretical formula with the
one measured by field load tests to examine characteristics of the bearing capacity of a helical pile.
The helical pile is featured by a central shaft with one or more helical-shaped bearing plates. Being
established by a small rotary attached to an excavator that applies toque, the helical piles can be readily
constructed at narrow sites, especially in an urban area with relatively less noise than the others
requiring driving and excavation. Although many cases of the helical pile constructions can be recently
found, the bearing capacity of the pile has been limitedly studied. To this end, this contribution analyzes
and presents comprehensive results of the ten field loading tests with an application of different
parameters depending on joint condition and specification of the helical piles, and types of tests and
grouting.

M keyword : | Helical Pile | Field Load Test | Bearing Capacity | Individual Bearing Method | Cylindrical Shear
Method |

* 0| =2 2019-2020E% A5 TN HH| X[Qo2 48i= ppzntel
Xt 0 20204 09¢ 23 AR 0 20204 118 18Y
AR} 20208 1Y 18Y WAXKt - HEE, e-mail : jang@changwon.ac.kr



==Xl 20 Vol. 20 No. 11

(o]
~
o
ror
i
]
pid
[
Jon
ﬂ
Hu

A AutA(Helical Pile)y F5F &(Shaft)ol] &H
ot Aol F UYAE d(Helix)= St o4 F2HA|
71 B9 477 mpdo|tt. 4719 29 AT
71& ol-&sto] & At Fofl 3 BAYAIZ17] Wi
o] &go] AL g, 1Y AEF LA v = G
o] mlasto] HT EAA] FAR] 7123 gl &
|53 Qick. Ty EYEnde] XA o) Bit 5
9] A7= AAY A5 Aol Blste] m|ZIgE A7golch
[1-6].

AZLY] AAY dFol= Terzaghi(1943)%
Meyerhof(1951)9]  AIftA4E&  8-8%F Individual
Bearing Method, Cylindrical Shear Method”} ¥
g o8 olgE1 it} FU9] A FIES] AA|

21 97 difRolu A AFE2 RefAEY
AE Agto] AlgE AAnAE oz +P=A
tH7-121.

wEbA] £ AoAes
mlQlo] Al XX} o240 o5t o] x]x]|2 9] H]
-EAE Foto] o]2419] s A8 HF 9 AA
HEA F8S flote] FIES| AX|He A AT}
Aol gt FLASHAIHS FHotoirh

SEE At Al deE

I, AHTHSIAIR
1. Alg e
FPASABS B asAe] Agl, olgF 24, 1

%9 ol ASAY EHE WrR A]%Jasa% gel
se] % 103] AASHeITk. [E 112 AP2AS Felat
Aol

m ) | Fes! og xa| O | ) U
1.5 (@) st 1
Shaft : 10.8 o O SKst A
‘DLﬁf’jgt 15 x =15t |
auozr0300 | 6 | o o [eme [ o
1.2 o | =t | B

132 o [ mwst [ 3
=15
Shaft - 14.5 o O | shst
®165.2-8t 13.6 x SAtot Il
Helix - 500 T 436 o | et
TEY
127 o | st

A LS 01143mme 33 20 7
240mm, 270mm, 300mm¢! 3712] YJAg Qo] B
ZE AT 9165.2mm<l 553 =0 217 500mm<!
shutel gito] Raty & FRo ddndS A8t
ot o QAR olg 242 Wit W+EHY F F
F= olgloH, B3t A B ¥ F3F S W

5 12keg AA| offo] wet 27 WskE Fois19]
o} JE-Ex 59 ot o, oA wigkE 1
BE A7 W/CE 9F 84%Q ACZ BRIF LY.
83 AotA el e AR sk melel|

SJsjol BY A9 A1Y Tl chete] ek @R
SIS SPsIo,

[0 1 AF s o}g R e tehfa glov)
[0 2% A 2 54 AF 35S Uehd Aol




MSIAIES Seb W2 RISl XX

et

27 671

Al @9 xutxrAE melsly] fJste] AlFRAL
g AARE A3, (52 NEERE EgS, TSES,
FIATY &o® o] U WESS ARRE
HE 7.5~7.8m Alko] BXsly, REZo7 HE}
A 249 AEA wez 1A= Q)ich Fst
WjHS okl 2F 8.5~9.0m FAZ EZxotH
DR g=o] AT N2 AEZRE 4
T 12.0m 7M1= 4/30 ~ 28/3008 L&~HE 2W
gt AEE vEbgen, Ax 12.0m °]%E= 39/30
~50/72 wi$- 2Lt AEHHE Btk Al A BY
AEE 0114.3mmE 9F 11mo]T ¢165.2mmE <F

13me]™, A|A|5 Ngtol| v 2fol& Uehfial Sl

=0

O -

AEA

2. N A 2 2

2.1 ™lotA I 2t

TEO] A Aol EE Aot di} dol
A= sha~Zoks TAolA Aok 7€ o= F3HA]A|
g Z2ohs Wi FESeS 2T T e
o] 31-8A| A E-g& Foh= Hho] Slok. AstE 7=
o= IAAYE ZHse W2 WAKFE V=
o= AXske YT ARANFE V|EoE A
= WY 181 Davissond] WZ ol-&sto] AA5l=
"ol Qlet. [1¥ 3] Davisson?] WHI A5t
25.4mm¢Y W9] 5}5-& Ab&oh= Wl ookl 23
gAY 19 odo] SRR ARy O zot). [#
21 BASHAE A3t Mot 71202 A" 74 A8
9] FeAAY 4 AIE YERHL Qict

MBISHE Q (knf)

0 200 400 600 800 1000

0 L L
10 .Si\ s=25.4mm Q Tj

20 % | | 8t= 402.38kN
30 N

1200 1400 1600

E 3

E 4o __39439kN \\‘

250 \ [

o 60 \ =

I | =
80 ! ol -
20 !

100

—a- QST —e—A

J7 3 Al 1 THo| JFKIKI M of

A+ X —+—Q-S & A+X DA & 2 KX

A mel SBX|XH

51 FSXIXZEKN)
H152>_ OlF =AU | Davisson W |HEGIZ 25.4m 7|=
= (kN) (kN)

1 ol 394.39 402.38

2 H+8y 462.35 432.48

3 ol 737.20 717.88

4 o+ 771.19 732.34

FEoIE 24 & FEINSE THEE Uro] 58
A A8 Fil= HHol= log P-log S ¥, S-log tH
383l ds/d(log t)-PHol Sith [O9 4-6]12 A 1
H o9 FESES 4] whHo g APget AaE
YePf L Qletk. [3 3] Al 7HA] o= AYst 3RE
3152 Aggt Ao|t} log P-log SHL [13 41904
A 4= Q0] HEHo] =5sHA YERX] Qota] At
2l FEots Ago| Lot

o

1000
~ 100
E
£
Y10
o]
3
"R 1
0.1
10 100 1000
5t P (kN)
a3 4. N 14 TUol #=515(og P - log S)

AHAL L (R)
0 100 1000

,_.
-

, ——98kN
—s—198kN
80
I 204kN
E @ ——392kN
¢ 100 490kN
T 1 588KkN
a ——637kN
WA 140

73 5. AE 19 Ipo] EHESIE(S - log 1)



672 s=2H=55I=2X| 20 Vol. 20 No. 11

ds/dlog 1)

4 43529

o 200 400 600 800 1000
3% P (kN)

P-S CURVE H| 1 ($114.3)

TW3tsks Q (knf)
0 100 200 300 400 500 600 700
0 Br—— =
I ’ No.2
2 OLI43(H+8%) ||
s=254mmY I
w0 No.A ®114.3() 432.38kN ||
E s=254mmY , \ bl
o 319.43kN
60 — —
0 I A No.l ©114.3(H) N
o e
2 No.B mna.j(g &%) s=254mmQ
8 s=254mmt —Ja0238kN .
321.93kN
100
120
—#—No.1 0114.3(Z) ——No.2 0114.3(H+87%)

——No.A ©114.3(F) ——No.B ©114.3(H+ &%)

33 6. Al 14 ool &83k5(ds/d(log t) - P)

A &H=5ls
HS log P-log S S-log t ds/d(log t)-P
1 - 392 435.29
2 - 392 446.79
3 - 686 646.50
4 - 686 682.03

2.2 SHot S Zt

BASHAEL APEHRestrike) AlHOE FP=QL
o A% Az= CAPWAP 3ol 9Jsto] Fwinla
I ASAA G &S, FHIEEEI ATA] A
oz IS 4Pgstoirt. CAPWAP ®Hd
ausche(1970)°l SJsf 7dE ZaIHo R et
7oA 2 it £EE ol8ste] AJFPAHO
2 5 0988 XA BAZRAS ZHcHE Wgolk
(3 4= CAWAP ¥l oJsf A5 At IS At
£ 42 Aotk

T orlo I8 (W
= 1o

i3

H 4. CAPWAP 0l 2|5t0] A-gst XX

A& CAPWAP £ Zi} (kN)

Ms | FeiopEm | Mo KK ERRE
A 183.16 160.72 348,38
B 143.08 231.28 374.36
C 204.82 341.04 545.86
D 359.66 484.12 843.78

2.3 Mo |g it 24A

(a9 713 (3" 812 ¢1143mmel TLH o
165.2mm¢l A9 s5~Hskg TA JHoEHE
AZstgo] 25.4mmY W9 S-S FAAEoR
ZAAste] Uehd Tefjzolct.

33 7. 1143mm DU9| 315~EsE U JERIXY

P-S CURVE H| i ($165.2)
TWatsts Q (kNf)

0 100 200 300 400 500 600 700 800 900 1000 1100 1200

0 L L L
\Q\.§§ NoD
2 [ | - 165.2(H+ 2 5)
5=25.4mm¢ [
2 No.C ©165.2(T) 784.80kN
$=254mm¢ I \
545.86kN

T I = No4 ®165.2(H+2%) \
ol
S No.3 ®165.2(H) <=25.4mme]
L) =254mmY o

[]732.34kN
717.88kN

t2s (mm)

]

F=l

100

120

—8—No.3 0165.2(8)
——No.C 0165.2(Z)

8 8. ¢165.2mm IjYUQ|

ol
o
3
]
ol
om
% | €

AU
ro
Rl
E=]

o

AstA S who] mE ofF~F ot A3 Aok
25.4mm 71 SAAXGE v|wgt 2, ske~st
F T2 9114.3mm T HF$ oF 196kN 7=
H|&3 AE BYoU I o]F= Ak I Eol HA
SIAIE R &3t 712715 BT 184 ¢165.2mm
o] F= AN A HAstA o] AAH o=
H|&3 AB5S B9

AASHF 25.4mm 7]E FAAEL ¢114.3mm
ndo] 4L FAsHA e IFA|X|Fo| FAstAIF
H|5lo] OF 27% 4= WA YEREOH, 165.2mm(H)
1d9] F9= SASA RS SRR Fo] A otAE
of vlste] ok 30% A YERE 9 0165 2mm(F+
27) T o= AP FAstAIE L] 2
W7 G4 IA YERGT

[ 51&= Aot 23t APgH 518X XEE HEet
Aot} ZA oA E Y] S, sta~olE JTACZRE

FIAAYL T Aol A 38 M



d2|HIAo| KXo 2t

27 673

AL 25 A8l 8
. BAEAIEY A9E H8A4
2ol ek o] W3kt 740l 8l

E2518](ASCE) T40] Z5to] o
8ol S8R Aelsick A1Y
92 AABHA] glotA] grebal
AP wAgste] EA el
2 7|l olelg) e gekstoch

P 2
o o

ng o=

o

h=Uyd
L

S A
ri{g,r

H 5. Zt AME mMA9| 518XIXIH

2.4 O|ZA0)| 2[5t KISXIX[HIt] |

[ 6]2 Individual bearing method2}
Cylindrical shear method®l &gt A3t A|¢ 1t
A9 ASAAFHS UEhd Zo|th. Pax &]of| of5]

A9 S8AAEE 183 Qae TE ol5o] o3t
AAY ZAE 13 S8AAES e Qi

=

ojg4

H 6. 0[EA0 of5lK 1HYE SIEXIXIH

AAetAE At AR ot AP 584
AGof| tha AolE HAZ & & U, FAHE 2
T= A-olEFT Davisson®] BHHo g A H At}
FARRE e UEhiglon vt og= HAsiAH
A= A BrtEEs Ags Bt
ol5F 2o e WE &AL Hlugt 2

I, AHSHAIE ol Adglo]l B+ ola= AR
o] ¥ o]F IR = =A Yehgoy 11 79
Aol A AA got o7 270 e XA
Aol wu|gk Ao woEch

A Autd o] A T 5EAAY et
T} 9165.2mm<l ool @114.3mm¢<l TFIRTH
#H 0 & 50%01d =A YRtk ey 518X
e Aol= ¢165.2mm L e 3'4"?37101 g 7‘]7‘]
229 710 Aeg wHEY, &4
A ztolo] 7115t A= ”&5}0}7]% 0134 = H HO]
et

g %‘1’1”01 ofd FAlog L35t 11
. At AaE
]X]Eﬂ o= ”&‘ﬂ"’é o 12-EQ

O = weste] T2keR AA| ofF

SIXIXIZI(KN) Individual bearing Cylindrical shear
A kst SXlist A& method method
S | 5=25.4mn | Davisson | S-log t | ds/d(logt)-P | CAPWAP HS Pa Qa Pa Qa
(kN) | 2 (kN) | kN) (kN) (kN) (kN) (kN) (kN) (kN)
1 134.13 131.46 196.0 217.65 1 703.84 492.65 253.62 177.58
2 144.16 154.12 196.0 223.40 2 713.83 606.72 257.05 218.44
3 239.29 245.73 343.0 323.25 3 3,272.71 2,618.17 - -
4 24411 257.06 343.0 341.02 4 3,372.71 3,035.06 - -
A 139.55 A 623.38 436.39 202.08 141.51
B 149.74 B 648.56 551.25 255.78 217.36
C 218.34 C 4,814.74 3,849.34 - -
D 337.51 D 1,5649.87 1,394.83 - -

Individual bearing method¥} Cylindrical shear
methodol] &Jste] 454 o)& A2 H|wet 27
Individual bearing method®] Cylindrical shear
methodol| Hlsto] ofl& Zx|go] 2.5~3. 14 &A HEt
W

1143mm T 1, 29 ¢165.2mm TA 3, 49
Individual bearing methode] &Jgt dl& RAHS
H w3k A, Y 3, 49] A& ZRo| g 1, 2K
OF 474 =2 A= Ut A XX Aol 3l
oA ATt XAY AL WEAEZL oF 33~34 &
71082 FASH Asotetl, B 1, 25 WRR
Zto] 32~34 & APFEIQIAL, T 3, 4= 42 2 AE
o] & zjolg Bl A= WY, d& XX A
Al AeE Zetzdo] mEt @& AolE Yehdtke A
ot 29I},

(3£ 5]2t [ O] ERE, A=

ARG} o]ZAlo 93t A& A H| gk
3}, Cylindrical shear methodol 2J&F Oﬂé A2
A AdZTE A2 A AAYET 1.2~1.94]
A UEhts, SAE A1Y AatEohs 1 4~1.74] &
T =4 UeS 0114.3mmSl Y2 Individual

O

A

Bolof Ao
= ITAS

=2
= 2
o
—



674 $I2EEIXSIS=2X| 20 Vol. 20 No. 11

bearing methodoll &gt & Z]|2|2o] Pt A|H
AN 42 AS AXPEY 3.1~538 = EA 4t
A=A, A AIE ARk oF 48] =A A=
Aot 9165.2mmQl YL Individual bearing
methodel] g3t A& A X|2o] et A|F ArjHct
108} ol =4 AP = 81, SAsH Al AoET=
4.5~2249 #=A) A=) o] § AlY Ce AT
N3to] 43/300], A8 D AT+l Ngtol 26/30
o]7] wiZol A& AAY 7t gt Aol ZA ek
]’4— XﬁH]-ZJgE O] ](ﬂ] 9,]’3]— dﬂZZ] ]Q_Q_ QZX]X]
Yo A0 A H7HES o 4 A, AR Nt
o et o]EXA YL F Aolg Uedtk:= Ae &
= Uk

S OE o] Zo o3t AAE FAAE 1HE A5
Ay A= AxPge vws A Cylindrical
shear methodel 93t A& AR FHL2 AZA A3}
A A3E YeRITE  Individual bearing
method®ll 9%t A& AR FH A& XX vjw 2
T 9114.3mmel LY A3 HAstAE ATt
A5 AAEo] 2.2~4.280 A YEHL, SASHAE
AnETh= oF 34 =4 YETh ¢165.2mmel oA

L2 GABIAY AIHT d& ZA|2o] 7.6~12.44] =
A dehgos, SASIAE A= 4.1~17.6H =
Al YRt
nm. &8 2

= 2 =01 FUiolA gol AlZEIL 3L
= AeiEnale] AAY B4S ok A WA
e AAste] ¢ A% X2 WelAu A
g2 dSske H ANEEe dEFHd olEAd
Individual bearing method®} Cylindrical shear
methodo] olslo] AF4E o= AR ¥l A5}
¥om 11 Adt= ohZ Atk

1 WA A, 0] 8% 2o W A4 &
ol g oz Uektom A% AuEde] A
Aol & G WA AL L 4 ot WA

o= FAGIIYE At A E TR 2 Bt
He ATE Holow, SASHKIE dxte Mok 71e
o= AgE A ALt FARE e VERASL
=g

2. Individual bearing method®} Cylindrical
shear methodell &Jste] 4FE A& AAFHE v
ot A3} Individual bearing method®] &3t & A
A180] Cylindrical shear methodol |59 2.5~3.1
v} =A YR

3. p114.3mm T 1,2 9} ¢165.2mm T 3,49]
Individual bearing methodoll &J$t & XA|FL
H wek A, o 3,49 A AR Po] Y 1,2HTH
F 478 =2 A2 E YERT o= g Aol ot
ZlojHot= AR 2527 Zolo] 7]QIgt A=
o

4. 95 A 1?—4 APYA] Wiz 33~34 & BAR
AAE Alg= ghol FASH Wgtste] APgs= A
A gholl & &olg Bk m}aw o]24]0] oJgt

diksa e o= ey

98wk Aol m|X) P
B % oo get A7} ek

MR |Z) MAL 5t

[e]]
=.

Hn
-
ol
jo
H
e

* Lo
= =8
S

Mz|st

P}

Y Tlo

o2

il

o
r

1] B8, /8L EoF Yejgdmdo) x5 &
Yol FeF F7 AU, AR, 2019.
2] 2438, 1FFEY] SJTHYEH 278 Y T
9 A& £ FEUsL g, AR,
2013(8).



e

SIS

o

St A HIUY| XX st A 675

(3] o1, ¥=Z 5o Fa xjxjgo] FeF H A
Higta gRtiehed, MArEHel=E, 2014(6).

(4] o|F®, HFAR 7o) o3 Fldm o] xx/e
£ FRAst ik, HAEI=E, 2017(2).

(4] WAL, FZF ofSRE K= FHFAYIE] A

£y, 2Adsta gishy, gArsk=RE, 2017(10).

RN, FFopRIvo] YH deHm o] dXofE

XA H R EAE FEeF AR AE]

Zor g4 AAuEw g, BAEREE,

2018(8).

[7]1 H. A. Perko and S. Rupiper, Helical Piles, John
Wiley & Sons, Inc, Hobojen, New Jersey, p.5,
2009.

[8] J. B. Hansen, "A revised and Extended Formula

The

Engineering

6

for Bearing Capacity," National

Academics of Sciences, and
Medicine, Vol.12, No.28, pp.5-11, 1970.

[9] Hoyt and Clemence, "Uplift capacity of helical
anchors in soil," 12th International Conference

Soil
Engineering conducted in Rio de Janeiro,
Brazil, 1989.

[10] G. G. Meyerhof,
Capacity of
Vol.2, No.4, pp.301-331, 1951.

[11] K. Terzaghi, Theoretical Soil Mechanic, John
Wiley and Sons, Inc, New York, 1943.

[12] A. S. Vesic, "Bearing Capacity of Deep

on Mechanics and  Foundation

"The Ultimate Bearing

Foundations," Geotechnique,

Foundation in Sand,” National Academy of
Sciences, National Research Council, Highway
Research Record, Vol.39, pp.112-153, 1963.

XN XA

A 7] E(Gi-Ryeol Kwon)
= 201749 2€ :

el

Jedey X

SIHFID
=20199 89 : FUdheta £
SIHFIAAD

=2019¢ 949 ~

FFA 5

A FEEAN

, AP 9dH7

pal

—-

& A 2{Jeong-Wook Jang) A3

" 10884 39 : Hkehel olzstal
gD

" 19934 39 : Hukehel gekT
ISR

" 20024 49 ~ @A) : FUdist
EEHAS ST A

o

2op 1 EAV|x, AANE, vjgHHy, sidtEE

Gt

% 4 ¥(Song-Hyun Cho) 339
= 19794 29 AsPHEST
= 199749 29 : LUty EEF

Sttt
=20174 9¢¥




