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Estimation of Soft Ground Characteristics using the Piezo-Cone Penetration

Tests(CPTu) on Honam High-Speed Railway Planning Line
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ABSTRACT
Piezocone penetration testing(CPTu) results such as cone resistance(q.), sleeve friction(f;), and pore pressure(u),
have been carried out at 5 sites in Honam high-speed railway areas of Korea, in order to continuously
estimate the characteristics of soil layers and the undrained shear strength(S.) in a soft ground. For the
applications of the conventional CPTu results to undrained shear strength, the cone factors(Ny) were deduced
based on Field vane tests, and Monte-Carlo Simulation(MCS). Moreover the correlations of the undrained
shear strength of CPTu by soil depths were compared and revised with the results of triaxial compression(UU
test), field vane and Dilatometer tests(DMT). The depths of soft foundation at 5 sites in Honam high-speed
railway areas were calculated based on the results of the various field tests in addition CPTu. The
applicability of CPTu for a soft foundation criterion referred to the criteria of high-speed railway and related

agencies in Korea was evaluated.

1. A 2

P E 219 AYXAIF Jo = 73] Al & (Piezo-Cone Penetration Test, CPTu)> Uhslal &3¢
g AW 54& A&H o dotst=d ulg- F& AlFoRA, Ho FEA B[ ANk AE 54
2 otE Wy EAS #Hrely] 93 B ow de] A&E a3l ¢ltk(Simonini & Cola, 2000). 53] CPTu:
HEZ ol BXss dE549 ES i 2 sy e s wolsty, ZaAAEH (q), TAEHE)
4 55%w) 59 SHANE ol g3t AF9 B, AFE Alole A FZwste] mhol X7 " 3]s}
F T 4% T A AHEEHe EAATY FHE BAoR AMgetal o 53 Hug dud
= = 7

(Suet 33U A
[e}

CPTue Sl 2wt npe} o]
whal], AAl g-guvete] nEHE A
Test, SPT)®] Nk FARES FaL gl
Az o Qe H8A4el A7 3 5
+ CPTu®| Ay} m3k ARk A 7o = AAS 87 Q.

2 AP e sHgaHFEE A=A F3Ee] 57 FX|e didl CPTugs A Al Monte-Carlo

Hg4ol Fou}, 2F

0 A AETsdTd Anewdyd dddTd, 34
E-mail : iwlee@krri.re.kr
TEL : (031)460-5326 FAX : (031)460-5319
B BHAE/NEATFY ARENATY AT
e BTAEANTY KRV EATL B3, 439
wone UEAG) EZAGEY 44, 434



Simulation(MCS)& 4|83 ZAFE o8-8l vl dEd=@S)E AEstal AuAEA=EA1A(UU tes),
FHHAAE 5 DMT Aol -3k debdimete] vas S8 d4 nivlg ddd=s 2Agsigin
[e]

wa d Aol Aokl 91K, go] F& shofatel, g Q)
o]

“
SHASHAE A T R 1o AT A 2ol F 57 AN AEAL S 2AFEIY A2
1B s

A} 9 SPT A¥ ZAMAME Aol HAZHED HE, E 12 AT A YA
AEd i, AEd A, vdd 42 Sol 2AdE, & o g ERE
FECESE, T ol AR a2 AR g | 2Aaus =4 A4S 99
npth okke] zpol= YAINE AEA HEE 42~139me] F Aotk | AR e olabA Alvw a9
AR EASH SPTel o7 N#t2 030~4/30 B W9 s game 44 wom 299
2 A 10l A% EANA NEE 7 Aoy PTE| AIEE 1T 34 98
2 ApolE Hth 2 AgolA e Mg A|FEAFAT, N ASTE | dod FUT $9Y 98
el W 2 A FAEE B2 2 a9 19 JERATh
¥ 2 7 PE AFEAED L N@te BA@EE B S e e e R e
AETE @ . — i v
Nzrel #e AEAH-E ([ HEARY| JFI}E 3k . ;: ;', ie,: :j:
A 177 4.2~13.3(10.5)] 1.0~8.0(3.3) | 0.9~4.7(2.6) |2.6~3.4(3.1) HE i v W
iji A2E7H 6.7~8.0(7.4) | 1.0~4.8(2.9) | 0.6~7.2(4.2) |3.0~3.2(3.1) I i j
;;;1 A3T7E| 4.4~13.6(7.4) | 2.6-8.4(5.3) | 0.9~6.1(2.7) |3.2~3.5(3.4) o el j
m) |1477F| 83-1079.6) | 14-2.7(1.8) |0.6-13.1(8.1) |1.5-3.2(2.7) H + i
A5T7F|6.2~13.9(10.4)| 2.7~6.4(4.7) | 0.5~12.8(6.7)|3.0~33(3.2)  Bes: = ik
AT 0~8(1) 4-30(12) | 23~50/12 | 50/10~50/3 m s = =
A277H 0~8(1) 1~28(9) | 20~50/13 | 50/10~50/7 15 .= r - N m::‘.:' '
g% AZTZH 0-72) | 2-25(10) | 455013 | 50/10-50/5 |71 T “ﬂi
A4 0~153) | 19~3527) | 9~50/12 | 50/10~50/4 " 100" 'h e g [p 5 17. 9004
A5 0~8(1) 65020 | 22-50/14 | 1071050 |1 Ar 2WRE 37RE 47RE Sy
O 1L O B AS TR

3. i RA 9 Hoz=E #FYAE

AT E sguEEE g F s Ao sk FoxE AYAP(CPTu)S HAEte] 7}
Zolo W FAYATH(q), FHIEE ), FFTFEwS AU 2). EFIZS AHEsI o,
ASTM D-3441'350l whel #9E5% 2em/sec® FHASHITE Al A3, 19 20] A A5 Fw=9
v wE A (1™ 1), qo=20kgfem’ O 2 FASA Z71E we] ZoloA] AEA HEZo] AMHEZOR

ks
534kgflem’e] WS zhe Aow yelyth 3 CPTue] 2 Ao ziE i 2Ao AFEE
=43 4 &=l Robertson(1990)°] & 7 HS o] 83t CPTu HE&A TS E4% Ay A3 S
2 71 A E—o]€k(Organic soils-peats) = oWIH]7} 2 Al P2
Fro Yy =5 HEA E#(Very stiff sand to clayey sand)e] A E]Z 3 3HC},

1797



q.(kgf/em?) fs(kgf/cm?) U(kgt/cm?)

0.0 20.0 40.0 60.0 80.0 100.0 120.0 00 02 04 06 08 -20 00 20 40 60
00 y T T T 00 X5 00 T T
R M1t
| A2t ) ! ! A2k
20 - Homzt 20 (lS - H172H 20 -~ - 4 Hg72t
M3z K H272t —>— A4t
—— N4 7} . = M3t M 577t
40 B=-- - ®M5T2E ~ 40 [~ —*— 477} 40
o x| 572
|
|
60 | 60 60
|
E 1 E G Z
£ 80 | £ 80 £ 80 - - -k e
a ! a Q
[ ! [ [
[m] | [m] o
|
100 | 100 %L 100 - - -
|
|
|
120 | | 120 | 120
|
|
|
140 } 140 1. 140
|
|
|
160 160 160
= e == = A
(a) ZBYAGY (b) Flvh2e (0) T
= P
a9 2. aFuEAHE JAFwe=Me] CPTu 23

4. g F-X 9 vl AGHF =

4.1 ZATNw) 4

CPTu Z¥=2% did 74 FAE vl AGAEE Aoz AT 5 §l7] difel, & A
e @ HJANY 52 B3 3 AdAEE VTR FATNWE FASY AvAdEE =45
HRAQ WS AFESISItE 255 o] &3 nulg A= AP A2 2] ()l AA S

S,=(q,~0 )/N (D

o71M, g A& H(kegflem®), g5 BAY FALH(q =q +u(l-a), axwHAY], keflem’)S VERATE

FAG= ANke] B4 2 & AQE %, A7) 8 I (scale effect) ol whEl gtel zpolrt yERH,) g RE
8~30 Atojoll EAeth(Rad & Lunne, 1998). ¥ Ao A= @ WA HolA 24 d ZAFZHE W4
(random) A& 2000705 A4 5] Monte-Carlo Simulation(MCS)S 4-835}o] A= Ao H Q3 27
TNwE AAsIATHZE 3). o] MCSell oJgt FAF(Nkt)= 11.02.2 A = vt

y =9.0063x + 0.3566

Mean :11.0
R? = 0.2263 015
o

St.Dev: 3.04

® 0.06 |
°
1 0.03 |
0 0.00 “ " I w
15

0.0 0.2 0.4 0.6 0 5 10
S, (kgflcm?)

-0 (kgflcm?)
w
T
Relative Frequency
o
o
©

20 25
Nt

1% 3. Monte-Carlo Simulation®l] &]3F Z A4 (Ni) 2H4
1798



1o
2L (el oa] SHuELHEE qF=Ad 57 FAY Bl A =S)E A ske] L 40 =AEH
A = = 2 =) =
oAb 2, % 2 2 a9 1949 AlFEARE e Blud 49 S,=05keflem™ o2 w4 FUHE
Wl ZololH AEA AEZo] AdEZ R Wage G & Jrh sHuEAL oFTR sA%
oA CPTu ¥ Zol7bA1 9] w4 AL 0.0<S,<7.78kgflem’e] M E 2t Ao 2 eyt
Sy(kgt/cm?) 8, (kgf/cm?) Sy (kgt/cm?) S, (kgf/cm?) Sy (kgf/cm?)
00 20 40 60 00 05 10 15 20 00 20 40 60 80 100 00 10 20 30 40 00 20 40 60 80 100
00 : 00 00 00
l
1.0 : 20 20
| 20
|
20 F : 40 40
b : 40
30 | 60 60
— I - = -
E £ ; E € £
£ a0t £ = £
= 2 | S 80 <60 = 80
3 3 | 8 8 8
50 : 100 10.0
| 80
|
60 ! 12.0 12,0
7.0 | ® :
'; .\ ° ‘. 10.0
so———‘%————.— or : 14.0 14.0
| |
90 ‘ 80 ‘ 16.0 16.0

12.0

—_—

(a) A3k (b) A27-3+ (c) AI3-3F (d) #4731 (e) Al5-3t
(Si=0.067D,+0.131)  (S:=0.057D,+0.095)  (S.=0.048D,+0.202)  (S.=0.076D,+0.087) (Sy:=0.057D,+0.002)
a9 4. 3HAHHE oG F7 A CPTuE o] &3l g3 7F ol F-2<f vlu]4 A7 E(S,)

43 AUAE € 98 A FAA AR vele A= v
B oo Fo| A= CPTu ©]2lol AWAatE£UFAE(UU test), dFH 1A S, Dilatometer A 3(DMT) 5& 5
3 ZF ol F-A9] o v AGAEE b ete] ZF Al gk dod vulg g b
S EFslen, Abg A9E Astd 1 33 Ak
3307 A vielg AT E(Sy) AR A
2 77k M H] vl = ﬁ‘?}%}l?—"&@é}_(%% : kg‘f/cmz)
CPTu UU test(A U415 AguAAE DMT
A 173k S.=0.067D,+0.131 | $,=0.021D,+0.101 | S,=0.014D,+0.163 | S,=0.016D,+0.132
A27-7F S,=0.057D,+0.095 | S,=0.024D,+0.041 | S,=0.008D,+0.326 | S,=0.018D,+0.100
A|37-7F S.=0.048D,+0.202 | S,=0.011D,+0.220 | S,=0.007D,+0.205 | S,=0.015D,+0.108
Al 47k S.=0.076D,+0.087 | S,=0.102D,+0.359 | S,=0.024D,+0.124 | S,=0.146D,+0.087
A|5-7F S.=0.057D,+0.002 | S,=0.010D,+0.119 | S,=0.013D,+0.141 | S,=0.015D,+0.083
2 Adpo| At A9 CPTue] vlvlg =7k o2 AlgHel vs] IA ez +
Zt 5m ZoloA el S5 HuHH CPTud] A% A4S AQstas the 2ol nls] Ao 244
THAl F7h), ol AUEdEAEY] A5 AEAFH 2 AR Tl dAshE A5 wd B A st Al
Aol ogk gl Eebdg vz, ANk o]/ (Anisotropy) & o& S AA|S] HulF HHt =
Hoh 2 @S 2te BloR deA lomn, AN AeE Fo oAy AlY Fo WEER
of gk wWro} AA| AWl ZfolE Holr] wlE(o]7]%, 2004) 02 FekE T
CPTuoll oJst Hul HAAAE A ZATNWE Z2A3ste] Ag3ial7] wdel, 2Aet 7 fARS
AGAEE EF38H7] 98 27 59 Zo] vl AGAEE RSt sHuEEE JHxd F 5
A Fre] AR v AddAd = A3dE Aelstd 1 49 2o



¥4 AT SH9nEEAE A=A v AYgE A2 HIbH4 ®EZE(S,, kot/cm?)
4.0 6.0 8.0

7 3 A BAE vl AegdE 244 (kgflem’) ,
A 173 $:=0.055D,+0.141 . S
A2 7F $,=0.052D,+0.094 ‘
A 33T S.=0.045D,+0.175 N 1
£ |
A|47-7¢ S.=0.114D,+0.127 ; 1
2573 $,=0.053D,+0.002 H .o
5. CPTuE ©]-&3 dAA|¥ #AQ7|&E |
5189 dopw B E TS S AT
(

AkARE ¥ Alel= AiA ] HAFRTHE AFA AR A dHo] e HM, dvtAow wFEd
HAIFA(SPT)S Ngto]l AAES] A 4~6, AHAES] A5 108 7IwoZ HAHAR, ) 15H5E9] F
G- AefA Nk o] A A A o] Aal KTXS] &3S AT ul IAPE, AHEE E5F N=10= &)
of ghr},

(2) St 2 FAL (A EH, 2001)

LR Ao AN BAFTIFES AHEY, HAES A AT FA7F 10m v wiE N=4,

2 = L

FAZF 10m o]dd w= N<
3t

=
Zo AArIE vud wf, Aute] 545 L8] AESH] s A4S Al

3 2% AgxAoR Ad 484
AZL e Ng TR okl CPTuSl 2uUAFY % AFYEFEE BYNFOR A A

FAEFx2E 5 AARE: AEJAEEEFZE, 1999)

YEXEHEAEE -] il ZAYEAES Aate] ARt gtk ZAYE A%
2l 71kl oL, Wardol 2 el e Wb, dldAddA M 5
Hup 2 skl AT A9 ARl fA, BTt offus dile] vk wEkA By A=
o =] EO A9 N24, AHHES] A9 N=2002 A3k 9l

O
2
D)
:
o
el
2
N
HN
tlo
l
o

n
[\°)
o r
re
ey
2
X
o
@
]
|
=
v
—V‘—l'
o
1o
e
_Lg_‘
N
(z
a8
oxl
N
N
Ry
El

AokAgte] Aol Edo A B AE A% Fol wet 2] el AAY 2=
o] AESE Foll, defxntew HFd AJAE ddd dart Ak
]| A

o
=
= qArde] g FAYE A= AYsto] AEE Ao

J
ot

N
Jaly

o

ox

HT

z

4

u-Ik

~

>,

iy

HT

Z

2

[\]
=

o

2

>,

iih

e o,
fo N
N

)

=2
)
ol -
ol
o

Ko
X

N
ox
ki
il
-
oft
o
fr
w2
ae]
H
1o
re ol
o,
N
L o
)
o
N
N
2
o

daE 7] wiol] CPTud] S5 AM&3H3ITth.

A A7 1 29 18 19 AF FAEE vudd A9 q.>20kgflem’ O E FASA ZF71E we]
dolelAl 7t T ®shyh JeS SR 4 UL, dolH AHKARl FE T FAAQL Ak ke
1800



w2 HSE Fotd 4 e, & g VIES A 3E 5. AANE AA A ] v AGH e
Ak Bl 4§ S SPTE] AkA Nt WA E - 2
of Rgel Aew SAHT. WM duds 4;27?@ o‘iwifol(m) S““;gz(‘jm)
(809 A4 2 Aol sl NGt R g R ANES oy o 0.60
2 E AN 7ol i 49 BAH S, A4 A7 13.6 0.79
Ao tglet A7 0.60~ 080kgf/cm291 HeE 2= A477F 33 0.72
Aoz SRIHTHE 5 F=x). wehA] 2 AFoA A 5-7F 15.0 0.80

[

o] s A} SPT9] N%ka |- &3 AokAr A7)
Fol9lol CPTuel ¥ A aHE(q.>20kgflem’) X HHjG A7 I(S,>0.8kegflem) ] 7]5S A oFA|uk
A7|Fo 2 AAT & vk ddETh

i

6. 4

= ArdAe IeuSEE 94

rt

A F7re] 57 FAeo] sl CPTuE A A8k Monte-Carlo
S8 Wl ARAEE Eaa oe Agel ARAe ¥ el

Simulation(MCS)= 483t ZAFE 9] Al
A AT =3 v Al Ao mEkHEE Aokxut #A ]%(SPT N7k 7]%)01] 3 24 CPTu
o A#Q FAYAFH(q), M ADFEES) Toll e AkANY VEAANE T Bk A
#Ag7IEe At 2 285 aokstd v 2k

(1) CPTu A3} thd #|¥ke] A&
A 7 S Wsht les el

(2) Monte-Carlo Simulation(MCS)S 483t ZAGTNy)= 11.0S22 AXE S o™, CPTu ¥ 2 o]7kA] 9]
i AG R EE 0.0<S,<7.78kgflem’e] WSS 2t Aow yehdt T3, AUdEAgEAE,
HGWSIAE 2D DMT AH}E vE O 2 CPTu® AHAE HlHl¢ AGZ LS BAsh

() 838 mEHHZA Aofxut AAV|FOo R AMEEE SPTO N#kel A% 245 Aoz <l
AgAe AL A7) wiEol CPTue] AHE FAo] 7|Fo R AASl= Ho] anpHen, E Ay
M ZHYAIFE(qe=20kgflem’) L BAE wulE AGFE(S,>0.8kegflem) ] 71ES kAt
#HAG7|Foz AN B

AR WEE(2001), “EZAAA LN A4H”

°]715(2004), “yo| & o] &7 Fo| Tk Hlwle AEAE= AT, HALSHe] =, T4
Sl =7 A =1(2000), “HmEFhe] Xk kA AsE TlE Y 8 Hal

gk AL 3 Eh(2005), “H = A 7] (=R

P.K. Robertson(1990), “Soil classification using the cone penetration test”, Can. Geotech. J., vol.27,
pp.151-158

6. P. Simonini, and S. Cola(2000), “Use of piezocone to predict maximum stiffness of Venetian Soils”, J. of
Geotech. and Geoenv. Engrg., ASCE, Vol.126, No.4, pp.378-382

P‘:';S"!\J._‘



