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Bearing capacity of large diameter PHC pile and large diameter
composite pile
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SYNOPSIS : Large PHC piles with a diameter of 1,000mm or larger were recently introduced for the first
time in Korea. This paper presents full-scale static and dynamic pile load tests performed on two 1,000mm
PHC piles and two composite piles with steel pipe piles of the same diameter in the upper portion, installed
by driving and pre-boring. The objectives of the tests include evaluating pile drivability, load-settlement relation,
allowable bearing capacity, and the stability of mechanical splicing element for the composite pile(a.k.a.
non-welding joint). The performance of the large diameter PHC piles were thought to be satisfactory compared
to that of middle sized PHC piles with a long history of successful applications in the domestic and foreign
markets.

Keywords : Large PHC pile, composite pile, full-scale static load test, dynamic load test, allowable bearing capacity.
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2. CFZEEES| MA U A|ZBHY
2.1 CHPHTEC| Ml

<7174 PHCEZE(4500~600mm) ov] Exdgoly AZAdA Bol AMEE I U= 7129
24, Az dd F=rE 2 F24 T FdHol glen @ AEAdd = o
Re Aol ey g4 2 YELS(91000mm) o] A5 dEA = AR EE AT @ol
u, sdielM = A8 AbEZE gl7] el 25 AL A RE A4 Forh dasty AF
=l tE AE R AR FE W AT 2ol Ay Eoof Fh

kA 2 Aol s A ASA Ol ShA Bl PHCESS 4 JIS 174S 55t Aatsisle
W, g FEADE FAste] TH AA 0] e AT

g

X 1 o4 PHCZ5(41000mm) A2 2 #4 Al 34

.qnﬂaq

2oaEo] A

2.2 i3S AIS

H77 g5 AFHHoz g+ U5 YFo| 2 A(auger)E st 7‘]
WS 228 FAl 5SS #Yste sE3HS AHgsdY TEdH
2 774 5SS Aty A AR 2 s A Z}ﬂ7](120~200‘3}
2)E B3 DH-658%E7] 2 DHO00 Z#|edS o] &3t o™, 274 650mm
e AdFo &4 HEE Fatete] UE R A4 oAV dEs A
ol Al A WS 950mm ~1,050mm7t <] A4 4 JE= Ed A2yt =
s Aask A= WES #9E A HE(Dit)d FE3 air nozzles =3}
of e F7|eF =& FAbste] ANkS AN WITAA TE AJPS
AlFom BEA 5 Yid WA= &89S HAsstnt. 53 45S
A4S v 4 BE AZAA 37 @SS S8 FE&H VAN w5 A
AW S AbEete] AlgEi 9 O5 dAdRe F48 HAAT



B oATE ARG B A8 AFAFAN FRRGom, ARG BANA AFEA L 2
2 A3t 4% 13~23mAA AEA R@For vyse] gov, YR ¥ NA 5
ste] dokah WAE Aol 189~235m T EEew, GL-30.0~-310m olatolA Eshoto] g
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(@) @3 A1 A7 (b) Cone penetration test 2 3} (c) NZ=zA A7

a9 2 APAFLE AT B AwzAL At
3.2 THSIAIE =2

2 Ao g7 BEws 9 g7 PHCRS diste] SAsAdS FAGANES Fal
5o JElHPA B4, dF x ? °

S A 160KN) S o] Gahed et +
b olabhA AFH olzRAU6HS WAL o), 4w WEAFADL FAste] A ADHE
=) 3| UEL [e)

x

12,000kN7HA] A et& AAlskdth AsAd 7, o9 2 4 Ad 25 fA=E v 2o
E 2 9774 PHCZS 9 o7 2§25 (41,000mm) _
G AstAd TF 2 FF “Hiateags puie “2iaie
- SUTHSAIY = HUHAIS S, SRR
EESTE ® ®
AE i oo = o X835 (3) @
}:g-tg Eﬂi =7 e %ZH _5‘]' ;gzﬂ —‘_S}‘ [ —
}\] @j * }\] @ REO : H0m
Steel$1,000% 16t
Pile-1 | D'0L lset | -
e + PHC 1,000 (A-Type) ®
_ 02" 1 Pile2 | PHC1,000 (A-Type) lset | - -
(F=3H) s ] e —
. Steel¢1,000x 16t _ 500 swom | | E5e01: 300m #5200 Hom
Pile-3 - 13]
+ PHC¢1,000 (A-Type) ..
FetEH | Pile-4 | PHC$1,000 (A-Type) lset | - SETE soon
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- 353 -



24
=

4. THSIA

IEL

)

Kl
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411 2

A A" F 15315 Ak s A s lfﬂoﬂﬂt 160kN ¢+ s <} DH658 e/ S o] &3l o
5 SFERA] TE O] Xleé 2 wEo] FEATA S Felstuy AZAR AL Hrietgdd w3 w5
ANgHoRE FH AFS TAd Agstes T23HY F M ES o83 Hatel ¥HE =989
Zyzb o] Algwel uE XWE—% Aol & Hlal HESH T

AN E S 38 7 HEs 2 PHCEZEC st ® 33 22 27A(EE AL, stex
A 5)E ALste] dF AsAE S =y

3 U7 BUE 0 074 PHCHE BAAY 24

- B XL TF | g | ag
ol 2E 35 g [ @Ew [ | 9w | Lo | L,
= (GL-m) | (N) m | mm/Ep |

Pile-1| % Steel (¢1,000<16t, 10.0m) 320 160.0 0.7 100 | EOLD | ‘09.12.24

(u3)) | +3H5 PHC (61,000 A-Type, 250m) | 330 160.0 20 ~ | "Restrike | 10.02.04

- 1600 10 52 | EOID | 091224
: 160.0 15 140 | EOID | 091224

Pile 160.0 0.7 12 | EOID | 09.12.24
ile-2 285 :

(jery|  PHC(61000 A-Type, 300m) 160.0 1.0 15 | EOID | 091224

H 1600 05 20 | EOLD | 09122
2.0 1600 10 40 | EOID | 09125

160.0 15 60 | EOLD | 09122

160.0 05 100 | EOID | 091225

25 1600 1.0 200 | EOID | 09122

Pile-4 160.0 15 300 | EOLD | 09122
ey | PHC (51000 A-Type, 47.0m) 1600 | 07 10 | EOID | 09.1226
375 160.0 1.0 42 | EOLD | 09122

160.0 15 80 | EOID | 091226

"EOID : End of Initial Driving %719€t 57 54¢ A7, Restrike : AAZE 4T SetupE o} 31 918 Age} Al

@ 160N 5 AP 0) 97 WF FEAT ©WFE STLE S @ 97 PHORE Skl
Y 4 o7 PHCES 2 o7 2395 A48 17
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4.1.2 SEIZLUY 24

Pile-13} Pile-2v T= ™S AHES migddsow vy Jetdgodr s 5t sl E ol &ste] aet
Aee Hadstglow, ol PDAXEYIE o]&3dte] sAlstAl S st vl depEEql Pile-4
of B¢ Z7IFH BT A A S Fdsith. o d PHCE Sl tist detr s 2
wio] B glo] ATAo FAHQon, Fenglyd BAAN FrluAs} 218 wel $YAG
gol e I A ol 2 AEE AAT F AATHAHL ). AFWH) WE AAY Zhol
E A7) Aal 59 Ak, T oduA AEAl AAYY AVE A 2 A FEEH g8 AlE
F wE FEAFE BE] A Hol Ao Aolr} Y A e} FRIPOR AFA Fun)
oo 83 BAHD Y AL FAFATHIHAD). EF FAF DF Pile 28 fAom AHEE
At WA S48 fIAE WA A AN AaEsI sk PHCE S AAFoA e 53] 543 25
o] AAEE YEt = Beta value #t= AHEs] 2 A3, A5 Aadsd SBAE T2t AlPE 9
g g wEY AAdRE A7 wg A SAHE v sdg w5 giste] shE PHCE Sl A 4%
A= w FEeA veid S o AATHIHA(0). o= BE dHde £l flev FE&F
ol g H9o] WA BASHoz od AW AAWAN FH wr wAlHo] AAE A5t B
A derd 292 g
® 4t 5E3Es5 4 g% PHCES sAsiA1d 43

e e | Hammer =9 233 A%

; ) T 2R . Jati | CSX | CSB | EMX | RMX | - .

4z GL-m)|  ¢n) | (MPa) | (MPa) | (\Nm) | (N) | &7

Pile-1 A Steel (¢1,000x16t, 10.0m) 32.0 0.7 16.6 6.6 113.3 | 4510 | 'TEOLD

(w9 | +38H5- PHC (61,000 A-Type, 250m) | 33.0 2.0 33.8 0.0 314.3 | 4,150 | ‘Restrike

275 1.0 1.9 1.1 1034 | 4,100 | EOILD

' 15 2.6 14 153.6 | 4540 | EQILD

Pile-2 %5 0.7 189 7.5 98.6 | 4,130 | EOILD
(1)) PHC (¢1,000 A-Type, 30.0m) 1.0 20.0 8.1 1174 | 4520 | EQILD
0.5 2.2 1.7 92.7 | 4530 | EOILD

29.0 1.0 2.5 2.0 1186 | 5,180 | EOILD

1.5 3.2 2.6 184.2 | 5960 | EOQ.LD

0.5 14 1.1 504 | 3990 | EOLD

325 1.0 1.8 14 765 | 4170 | EOILD

Pile-4 1.5 2.7 1.8 143.0 | 4,470 | EOLD
aeh PHC (41,000 A-Type, 47.0m) 0.7 2.7 1.7 935 | 9,460 | EOLD
375 1.0 3.2 2.5 143.8 | 10,280 | EQO.LD

1.5 3.8 3.6 198.3 11,030 E.OILD

'CSX : Maximum Compression Stress on gauge, ‘CSB : Maximum Compression Stress on Bottom
"EMX : Maximum Energy, ‘RMX : Case "ol o3t Hoj H2AxA4
12000 0 0
g O Pile-1 OPile-1
S; 10000 | OPile-2 OPile-2
2 a0 | _ o APile-4 Alo I APile-4
g 6000 % | [Driven pie, R=3990kN Bored pik, R=4450kN % PHC
ZEll| S S
2 4 Light hammer energy % o ol CINY 28 o
E 2000 | —m- Medium hammer energy o a1
5 0 o Heayy hammer enerey 0 ‘ ‘ ‘ A S “‘A._ S

Penetration Resistance(blows/m) 0 2000 4000 Rl?/log(o(kN?ooo 10000 120 0 02 Oéetava(;je 08 1
(a) FERAIAE FAFHAE (b)) E5E Ao & RMX#H (c) 5 AH=AF
99 5 BASAGE B BE o wed B A3
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4.1.3 S|IX|X|2 AH

3l 3] exx8 FAL CAPWAP B4 Az =25 AAX A8 Davisson's Method
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L9 °1£’“7<] Aol AgE ATt = Pile-49] A5 FEF AT wEOoE Fih R AAF
38mE #E3t T3kt 3 6.0m 7+ H FHu §ExAHe] Hu 5660kN 7hA] A E AT
ol Z7|FEHE.OILD) APAHNZA Ake HAPE AWk AZHE Heo] @& setup E¥E e gotd
ol o] & FHEXAHe| LI E F S Aolgt AETt Setup ] wE XA Y FFHEE I
otsl7] $18l A Pile-10 thdle] ) &El(restrike) Al getgov, d4 A0 =F3AHE AEEHA
AsAd S Fdstdoenz FHsME ol A (A Ayete] e tha HgErE dojA e A
S 2 YeRth Daivisson's Method® 25¢] 3] 84X 89S A4S Ay 19 69 YERRITH

= = 43
e Eul ?:} H er = ] g"’]’%}_\
= g zs Ae | ggm | F8 | A% | A4 hcaakalls
Lk S Gl [PFESHAE A4 S [CAPWAP] Davisson
w| W 4N | (N | (N | (SF25) | (SF-20
Pile-1 &5 Steel (¢1,000%16t, 10.0m) 32.0 0.7 1,040 | 3,410 | 4,450 1,780 2,225
() | +3F5 PHC (1,000 A-Type, 25.0m) | 33.0° 2.0 2,902 | 3,220 | 6,122 2,449 3,061
275 1.0 880 | 3,170 | 4,050 1,620 2,025
] 15 900 | 3,630 | 4,530 1,812 2,265
Pile-2 %5 0.7 900 | 3,270 | 4,170 1,660 2,085
el PHC (41,000 A-Type, 30.0m) ) 1.0 970 | 3,560 | 4,530 1,812 2,265
0.5 910 | 3,639 | 4,549 1,820 2,275
290 1.0 1,010 | 4,190 | 5,200 2,080 2,600
15 1,120 | 4,980 | 6,100 2,440 3,050
0.5 670 | 3,260 | 3,930 1,572 1,965
32.5 1.0 730 | 3,460 | 4,190 1,676 2,095
Pile-4 1.5 780 | 3,700 | 4,480 1,792 2,240
(e | PHC (#1000 A-Type, 470m) 0.7 |439 | 5270 | 9660 | 3,864 4,830
375 1.0 4,560 | 5960 [10,520| 4,208 5,260
15 4,890 | 6,430 [11,320] 4,528 5,660
w1 EgemE o]-83 A EHrestrike) AF
Load (kN) Load (kN) Load (kN)
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 7000 8000 0 2000 4000 6000 8000 10000 12000
R ‘ ‘ ‘ 0 0
10 10 10
g 30 § * § o
3 Pifet @ 4 \ Pile-2 A 5 piled
“0 4:77 ;Ssbtli’?(:umpressiov Line \ 50 t Ei::gg;:t)mpresslor\ Line 60 jti Ei(a)s.tli?(::)mpression Line
% Davisson's Offset Line o — Davisson's Offset Line » Davisson's Offset Line
(a) Pile-1 FAs 1 2} (b) Pile-2 A8t A A3} (c) Pile-4 At & 23}

1% 6. Davisson’s MethodZ ©]-&3F TA5tA8 A A& AHA
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4.2 IxisiAlE Zat

421

AABAI DL Pile-3S oz Faatgon Ao gty BIwiEol & gxxey o AR
TE3} S PHCE S S oﬂaé}}e FE&H AAR A Fel 9 SASAIE Aokl v BAS
ato] FAEAIY A3 AT 9 A=A de AAYE gt g

A DS AT LES g7 SFEFEOR FETHPS o]&dte] T3 6.0m el FUAH oM o
AABHES 300%7H4] Alstehs Ao AFste] F 12000kN9] 35S 4eycles® WHEAlsl shlch. Alsha
& 9% vk Alagle 2T A Ik 800kNe] o] 27 168-S Alste] dtg Akl SEd ukEs
& U= AlEEt
# 6. W77 PHCES AASHAIR A<

# AF _ _

By . e = e Ag ke o 7] Al
"5 = 9= A A5 }‘] A3l =E Al 3Ll K A
Pile-3 | A Steel (¢1,000x16t, 15.0m s HHEAEAE | 10112 | ‘1023

ile ] ;—r eel (¢ ) 80 | =aer| 1200 I 3}A] ‘ :
(wid) | +3H- PHC (1,000 A-Type, 25.0m) (4eycles) | ~10.1.20 | ~‘10.24

a7 AAsAE A

AABAE A WEsteS Fote] 12000kN AlskA] A Al Het =S 242mm FA A oH, F A A
Al ZAFHEEE 21mm, A EFHL 222mmE A EH AT, FE-Z35 5 EA W 2L Davisson &
Aol o8 SExAES EA% A3 Ho AEetss FEAToRE JrE 7 o, ks 205 A
£39S A FEANAHL 6000kN o] el Aoz ERT)
3E 7. 77 PHCES AAAE 81848 4843

e b SR
g Goste = =A% | Davisson | 3§44 &
P-S logP-logS | S-log(t) | P-ds/ P-S Loy A
Curve Curve Curve | d(ogt) Curve
Pile_3 3l (kN) 12,000 12,000 12,000 12,000 - 12,000 12,000
(a2 b & 2.0 2.0 2.0 2.0 3.0 2.0 2.0
3] 8-A] A & (kN) 6,000 ]| 6,000 o] 4 6,000 o] 46,000 o] A+ - 6,000 ©]7/| 6,000 o]/
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Load (kN)
2000.0 40000 60000 8000.0 100000 120000 14000.0
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w A7 7w HAx2 1,000mm W-d PHCES 2 ti++d S92s(ti+74d PHC+7-7d ZJaEs

~
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