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Design of Large-scale Drilled Shaft
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D A zmA ol 7| 2" 21, Intermediate Engineer, Yooshin Corporation Engineering
VAT EATY A kA A A o)l 9 Research Fellow, Geotechinical Engineering Research

Division, Korea Institute of Construction Technology

Y falz ol Bdy H, Senior Managing Director, Yooshin Corporation Engineering

SYNOPSIS : A lot of long-span marine bridge, which connects land to island or island to island, are
being designed and constructed lately in south-west coast in South Korea. In the past, caisson foundations in
marine were mainly adopted in construction and stability aspect, however, nowadays with development of pile
construction technology, drilled shaft foundations are mainly adopted. As the long span cable stayed bridge
and suspension bridge applied with lots of loads are being designed, the scale of pile foundations are getting
larger.

As the construction cost of substructure including foundation in marine bridges is too high, the appropriate
evaluation of the axial bearing capacity of pile becomes a core factor to decide the construction cost of
foundation if the drilled shaft is adopted as foundation type of bridge. The evaluation values of skin friction
and end bearing capacity of drilled shaft in weathered rock suggested in south Korea are only to introduce
the foreign specifications, and most of them are designed in a kind of hard soil layer.

Also the allowable load of pile section is less than the expected bearing capacity of pile in the soil
condition since the allowable capacity of pile is undervalued. Recently in order to improve this factor the
bi-axial hydraulic load test of pile was taken, the data of load transfer analysis of pile, unit of skin friction
and end bearing capacity are accumulated. In our country, the design of piles are made with ASD, however,
LRFD considering service, strength and extreme state was adopted in Incheon Grand Bridge implemented with
BTL, and the research to systematize the resistance coefficient appropriate at home country are being

progressed.

Keywords : drilled shaft, allowable load of pile section, bi-axial hydraulic load test, ASD, LRFD
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TEEZIZAAZIEA9NDAAM = dFBFEA L5 &5 ZAE FETY s&d5eT S ©
&ate] AASEE A (A 1), 20039 TN FeAM = ZAYE F o FE&YFstETd tEo
Azl dF HEAFAFE FAMow Rl & AES FAHATA 2) oL ABoEA
AxepanEe AAANYS Ao 30% 4w A DAL F Q= AVE wAsdc

Pa:JckAt .................. A (1)
P{L :Uck’Au—"_ qust .................. 2] (2)

A7NA, o, ¢ BATES HELELY ($F2ADES S 02f,,=500kPa)
fo oo BBATE S 4dHSY (FEAES 40%)
Ay A Ay, RS AR, 2AYE PR AT R wud

ERRAAZFA96)NAE B3 FUHAL Fel BE GHEA FFe 4 @3 Lo

Mol el wer AAE gH(P,)S 40%E s

A7 E@003)e] 22UE E4ESHL 02/, (<500kPa) = FA] AGEARE] DGR @

mo g0 A4Hn dx =
B e

=8 38

1 o,

I

P,=¢P,=¢x08085fy A+ f,A) 4 3)
A7NAM, ¢ 1 BER2AF (FESHAAY © $=04)
fo + ZAYES AAZE (=27MPa)
f, 0 Aol FEAE (=400MPa)

Z23adE FAZE (MPa) 30 36 40
Fo2IAYE AAYGE(f,., MPa) 24 27 30
&8 4=59(0,, MPa) 6.5 75 85

olare] AA7)FE wE AFEPAUE AQu A i FLEEEFS vy Yo wE A
3000mm, ZIAYE AAZE 27MPa, BH] 2% = 7FAste] BEARS 3E&E3ES S (X 4]9 2
o] atAstATh AA Vo] MAEEA TE Hrzdo o3t FE ZaFTS AA F7FE] AREEH
o3 wEAAHo] AHE 4 U T Hl AANLES AASL ALt

[ 4] Z+ AA7| ol wE HEAF 3853
= TFZE7)|z AA7FE (MN) Z=2uAA7]F (MN)
= 1997 (A2 FA]) | 2003 (X&) 1996 (¢ P,) 2008 (0.27f,.)
$3000mm, p=2% 35.34 53.67 68.89 73.01
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4. TSHAIHZTIS wiedst Te=o| 2|3

4.1 THSIAIE T2

L

= T N FFREF~5F R BTH A 1,500~2,500mme] @Y ERA
Atk 7 Bre WE AAAALL WS et ARBES ATH F ASA
A4,

- (3o}
NYLE WE R G T
T Ao mm) i €% (ton)
TP-1 Zotet, A A 2,500 2 8,500
TP-2 Z 3ok, A% A& 2,000 2 5,000
TP-3 F3het, A HEd 1,500 1 4,500
TP-4 Z skt &3k 2,000 2 3,750

0.0 ’—‘

(N=8)
117 — — —
TIE
180 I )
e

woH s

[1¥ 5] A E @9 (P12)

Al AZdr=® 387 w7 P12+ A7 2000mm FAFEHE RS 520z AlgHdv. AFEAE TR
< e olHE ol &3to] ol dE U F sirfaiE el RCD ARlZ =23 5 ZAZE B4 7
ol e QIEetrt. w7t P127F f1AskE Awtxz B F 2w Ag2 o [ 518 2o dd3ol
gl 2 EAste] 25 Ads FIdSol AASES Afskdnh 200068 AAN =RaAA7E
M= STl i AAH ARl AAEA Gof HEHorn FIYTS N=H04=e] =23 &
2T e RYgsoz ddedn. o 49 99 S@dFHeEHS 02MPa, &9 AdAAHS
3MPa= 7} sto] &3] “ i

7)1 B A o A= 5l o}S IGM(Intermediate Geo—Material) 2.2 3-tkato] FHWA(1999)o A
Ald Wo g FHubEe s AdxA=ES HGrhekdth. FHWA1999)el Al A1 Cohesionless IGM2] A
A AbgHE vs [% 619 2

[ 6] Resistance in Cohesionless IGM - FHWA(1999)
Zdulzy HAER A o
0,0yt AFFYE el A e FEAL S

’ , ’ _ 4 0.34
g, = 0.59{ Nyy (p/0,)"%} - 7y | & =tan™ ' {Ngo/ (123 +20.3(0,/ P,) }
)

Sand : f, = ﬂa;,

IGM : f, = K,0,tan¢

’

(O.QpGNGO/U;,)Siw’
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4.3 MSHAIE Za 24

Az AAE BEASAHe] o Fagse] Fuvidds daAAge BAsdan. 9
Fohore] el A wHe] o] wep FATEYL tha o] Z e dE B
Hup R o] 600kPac]Aoli}, TP-20 A4 230~400kPa AE® e #s meola gtk w}am 47)
Al@Ade] dis] thA FHFo = N=bB0/5olstel™ Iofrt FiEAow x= T893
g FHvpEE S 400kPa, N=50/15~50/5 7719 FaZo e 71& =2 @741
200kPac 2 ZAA 3t

AGAAH S dEHAdo] F34ekel TP-4 A3E o] &ste] A AHY 1% W97 ¢3d wo] A
A A1 4,000kPag A A H o= Feralg]rt.

[Ul'l

[‘E

;ﬁ

av}

T

2,

>
2o
©ofr do ek

[3 7] Fsp3 A2 23 (TP-4)

FHupEH AR A4

80 580 -~ 680kPa. ...... 1200
4,000kPa

-
=)
]
)

—=— (WR) 28.8-31.0m
—2—(WR) 27.9-28.8m
—5-(WR) 27.0-27.9m

‘ —— (WS) 24.927m 400 paenes
%— §l— 1= —%— (WS) 21.9-24.9m

—e—(WS) 19.0-21.9m 560 :
10 — ] :
@ H

0 25 50 75 100 125 150 175 200 225
0 10 20 30 40 50 60 70 80 % 100
Downwar d movemen t (mm)
Upward Zone Displacement (mm)

Unit Side Shear (tonf/m?)
Unit End Bearing (tonf/mz)

DEAGAY A3} ©s] FAF UL (<A00kPa) T} B9 FF HEA AP o] §ate] BHe| 3 A
AES v [ 89 2ol AF sk T FRvkEE S IGMel o  FAGE G AstA A d 3ot
tha 2ZA ggou, duxAde] B4 golq AAAA AL 5% A Fret Aow U
T}.(66,746kN—63,391kN) H3t, F3horS IGMOZ T#fahx] @1, N>50%1 EARAHto 2 drhste] L
WAAZIE2008)0 ofsto] XA HE A A9 FHntEHES Yy HeHor griste] ©E9 §E
AAHo] Hag e = Ao RSN, (AstAld 2 tiH] 61%)

AAE Aol ejAs ] G2 AAXNAY 22249(kN)S FHE7] A Fspeke] AAAE 14m
A& Eoof shxnk, W] A A He] AEHAR] E&FstT 18230(kN)el o) Aujte A=
T S A8k FAe AAISHA skth

[3 8] FHWARR 3 AstAld Aol 23 584 #= Wi
FHwt2¥ (kPa, kN) AgAAE =5 | 38
TR AEZS THESF TaE (kN AAY | AAH

fs QS fs QS fs QS qp QP (kN) (kN)
N>50# 9k 8 3,368 70 2,775 165 | 19,180 | 5000 | 13,440 | 38763 | 12921

IGM 8 3,368 70 2,775 344 39,928 | 7,692 | 20,676 | 66,746 | 22,249

A skl 3 3,368 70 2,775 400 46,496 | 4,000 | 10,752 | 63,391 | 21,130

) N>5091 EARA ] @9 SR A (ERuAATE, 2008) : f, = 3.3N(< 165), ¢, = 5,000kPa
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SgeA BEge Awdel 9o e Adst abdae F404 L150me) @A,
FR7IEE 44 3000mme] AFeRAEEoR 1 A AR FRYE Ade Avzdel ¥z
ol (T3¢t 7lukeke] Fidow oA EF¥) TS 212 (=3xN e AASA L, THS FHY
25 g Aske AEdel W EAsHel UBC SXSM weEo e MAsgt,

| thate] 3852 AAH(Allowable Stress Design, ASD)o. &2 3% WE7|2E
esistance Factor Design)® A|Fa3ste] LRFDe| A 2 -gAlo s A w k)

=g o

LRFD(Load and

(East Tower)

[ 6] 2t A4 2 AJHS FE7]1%
5.2 518t W30 IE T MAISIES M
NS FE71x0 489 AFepdd5 2182 dste] LRFDol 93 2§35 S o] &35t Lo
WA el AANE S Aaketa, ASDol 93 A Aol vttt ASDeOlM = wEo] F9- ALE-3
% Z3gto]| thal A ASA W, LRFDel A= Strength Limit State dt& %o tha] T AAAAHE
Al ko

Strength Limit Stateol| A9 571X stzx23 & T3t o] Au& Q0 STRENGTH-II “JEjol e =3
slso] AAslzo® AAHo, stexd JUs v 2 (I 2

Load = 1.25x31Ast% + 140x&38ts + 1.0xvEsts + 1.20x(&%, A Z, AxFH83) .4 (4)

S [£ 9] AAl"E A3 Zo] Strength Limit Stateo] H-H =2 AASES AAst, 71 AAS
FTog FEUES NS AASY wEe AANE S Hrbsksith. LRFDe o st AAgES 7]EY
ASD®] AR&&tsell Hlal] 1.6~1.88) A% F7iste] 5 wAs= Ao AANEE 60% 4L 78t
Ao R HAEXAJG

[op)

[32 9] AAsts R 25 23 AANY (29 : MN, MN-m)

N WEYG o3 WnEAAYE 3F EFEEICEEED
RN

248 | 38 | mae | 949 | 3wy | mae | w3 @344
ASD 563 13 1,050 605 33 4,030 36.81 48.00
LRFD 951 28 1,301 943 58 7,050 62.42 78.48
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5.3 A"l WE XIXIE A

 HEA = oivlel] 20d @GepE TS diste] =RuAHAATIFE2008)0 M2 FEE AT
A+s AEA717] 98 AA7IE] AAE Carter & Kulhawy W3 (1988)2 FHWA 9 (1999)°] 2]
& AANAAAH g HrrstAT

5.3.1 FHojzg MY

Carter & Kulhawy(1988) " ¥ FHWA(1999)o o]3t =3tsmnizted AL
th o] A5 FA43 ¢toll A 8ol st deErt AskA dEE
d9-ol= O'Neill et al,,(1996)0] AAIgH A A FHAaAFE 4 &to]oF g

1i"0 71
Carter & Kulhawy (1988) FHWA (1999) H
p, * W7134H(=0.1MPa)
fmax = 1'42pa(qU,/pu)06 f(; = Qu fmax = 0'65pa,(qu/pu)0'o f{: = qu qu . ?:1"1:1‘9/] %%%%—7&3
Smax =0.05f. f.<aq, Fanax = 0-65p,(fo/p.)"" f. <a, (F3=78, A¢=41.3MPa)
fo 1 2AYE AAFE(=2TMPa)

Al Fote] 'R AIFe hnke] WP A G mE XAH 7
43l 2143 Carter & Kulhawy$} FHWAoO| 2%k =3l )2

e g5 A 6), 6)F 2o
Qo = fruae XA, =1.420.1x (7.8/0.1)"% X (7 X 2.85 X 23.5) < 0.45
+(0.05x27) X (7 X 2.85x3.0) X 0.61 = 140.86 N  oocovevrcer. 21 (5)
Qo = frnax XA, = (0.65x0.1x(7.8/0.1)"%) x (7 x 2.85 % 23.5) X 0.45
+(0.65<0.1x(27/0.1)%%) x (7 < 2.85%3.0) X 0.61= 71.85MN....coocooo....... 21 (6)
5.3.2 MCIX|X|E AH™
Carter & Kulhawy(1988)= Hdz]7} g w olo] s} 2] 2] & S [# 1113 Aeratgict. &

A g 7Hkek2 AlQloln] TR HIE HEolnE %‘i—e of w& x] A =g AFE s=10E-4, m=0.32
2 Hrksth 3, FHWA1999) ol A &= E Ao o] de]7F 2= AA Y delef tii-io]
¢, A2 ES g [ 1] 2o] A o w Fad A AF(K,,) A &

2=~ 3
Tl
By

’ sp -

73
= el 7t
& Z+Z 5mm, 0.05mmE BTtk

N4

7 3

J\-H

(% 11] whs) SRangxe g

RIS Y

Carter & Kulhawy (1988) FHWA (1999) H 1

K, : F2 AAH A

sp

q,= (5% 4 (ms®® + 5)%9)x qy q, = 3K,,0q, D) /(10/T+300(t,/5,)

=(3+s,
P% Lol Al (=1.42)

Carter & Kulhawy(1983)¢} FHWA(1999)ll €&k =3 ex A2 vha 4 (7), 3)7 2o
Q= 10014 (0.3x0.01+107 )"} x122.8 X 1/4 X 2.85 = 514ABMN oo, 21 (7)
Q= q, A, = 3x0.15x1.42 X 122.8 X (1/4 % 2.85%) = 500.59MN 2 (8)
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5.3.3 IeiX|X|d Y SISXIXH, SN oY

A | P A o = s ] e = ) S e e B = T Bl e s S P
(2008)°] AAE A&dAGF(p=054 == 016)E #g3te] AAHTE 3
1219} Zt}. Carter & Kulhawy®HH 3 FHWAYW |
|AAHL 3v] Ax Aol 7F YERYAIRE o] &
< A9l vk A YERY LREDel| &g s o]

2w SEAAF (MN) A%E (MN)
- FHErEE | AdRAH 2 A HEAAYH | TZAZH
Carter & Kulhawy ($=0.54) 140.86 51.45 192.31 64.10 103.85
FHWA ($=0.16) 71.85 500.59 572.44 190.81 91.59

5.4 Zu} H|

[ 13] AAE 2 AA¥ v

2 | EAE A A2 (MN) A A ¥ &
(MN) C&Kulhawy FHWA T8 =235 A& (%)
ASD 48.00 64.10 190.81 51.20 51.20 93.8
LRFD 78.48 103.85 91.59 108.26 91.59 85.7
6. 2 E

F S
AR HE F3T 71T FF2AAL, FIF AGHGAL o] §3 DHEAFAA] v AP 2
Atk FEF TEAFAAL ko] shFxlel MAUFE BAL F 93, AN T AAAA Yo
ek APAS FHE 5 oglon A BEAALS Ao T AFAAY HrtE A
AR LEAATL s H ek
T3 H U AEAo] AEEN 9= LRFD AA Wl ut
S

ERWAAIE S, 2008, RS - wAHA YN LT
FERE 2AAVE A4, 2003, (AP FTANF
AASHTO LRFD BRIDGE DESIGN SPECIFICATION, 2007

AHd B Ad=w TE YA F AR LA RN

>~ N =
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