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SUMMARY

I. Topic

Characterization of Thick Deltaic Deposits and Development of Practical Technology for

Large Diameter Cast-in-place Piles Socketed in Weathered Formation

II. Purpose and Necessity

Purpose

1) Achievement and applicability for the investigation method of engineering geology of
thick deltaic deposits

2) Sampling techniques for stiff/hard clays

3) Long-term settlement characteristics of thick deltaic deposits

4) Study on the evaluation technique of weathered formation

5) Investigation method of weathered formation

6) Development of construction and inspection methods for large diameter cast-in-place
piles

7) Establishment of construction technique of long, large diameter cast in placement
piles socketed in weathered formation

8) Development of design technique of long, large diameter cast in placement piles
socketed in weathered formation

9) Development of computation program for design of large diameter cast in placement

piles socketed in weathered formation

Necessity

1) Although it is essential to understand situation of geology in the all sorts of
construction as well as pile foundation of thick deltaic deposits, this investigation

technique isn't well established by construction engineers and is hard to use.



2)

3)

4)

5)

Therefore, practical method of this technique is necessary.

Sampling of stiff/hard clays of IGM ground which is the base layer of pile support
couldn't success at all in Korea.

Long-term settlement of thick deltaic deposits influences bearing capacity and
settlement of pile, so it's analysis is necessary.

Development of engineering evaluation technique should be settled first prior to
utility of pile foundation in weathered formation which is typical IGM ground.

For the economical design and construction, weathered rock is selected for the base
layer for pile support instead of soft rock. Therefore without the core of good
quality, it is impossible to present design factors of pile foundation. Consequently,

investigation method of geology is essential.

6) As the upper structure becomes lager, construction of cast-in-place pile is increasing.

7)

8)

9)

Accordingly, test for construction technique and suitability of existing quality
examination are required.

Using weathered rock as the base layer for pile support, evaluation of bearing
capacity and healthiness of pile by existing construction technique is required. Also,
method of increasing the bearing capacity of weathered formation is necessary.

Load transfer of weathered formation in Korea isn't established yet, so design
method and investigation technique of cast-in-place piles socketed in weathered
formation are required.

Development of computation program for design is necessary for using load transfer

definition by engineers easily.

I, Substance and Scope of This Study

1)

Achievement and Applicability for the investigation method of engineering geology
of thick deltaic deposits

A comprehensive investigation method is proposed for evaluating the depositional
environment of thick deltaic deposits, as well as a simplified method that is

performed with the field soil tests and index property.



2)

3)

4)

5)

6)

7)

8)

Sampling techniques for stiff/hard clays

Sampling techniques for stiff/hard clays are developed based on use of different
sizes and samplers.

Long-term settlement characteristics of thick deltaic deposits

A comprehensive investigation method is proposed and performed for evaluating the
consolidation and secondary compression characteristics.

Study on the evaluation technics of weathered formation

Newly Developed BST and DCPT equipment are applied for charactrizing the
specific weathered formation. And then, using the investigation results, a zoning of
the specific weathered formation is executed.

Investigation method of weathered formation

DCPT was developed by testing possible investigation method in Korea, and
geology investigation data was collected to conduct DCPT test. Finally, comparative
analysis of these data was conducted.

Development of construction and inspection methods for large diameter cast-in-place
piles

Construction technique of cast-in-place pile method in Korea was investigated, and
problems of technique was analyzed to present countermeasures. The existing load
testing systems in Korea is difficult to be performed for the high intensive load
testing. Therefore a set of pressure cells which enable to sustain high intensity of
load was installed in a testing bored pile. It is prepared to perform the load test for
getting shaft friction and toe bearing separately.

Establishment of construction technique of long, large diameter cast in placement
piles socketed in weathered formation

Through the 3 years of research, we conducted 5 construction and load test of pile.
In the 1st year, large diameter cast-in-place pile was applied, and piles socketed in
weathered formation in the 2nd year. At last, we inspected effect of increasing point
bearing capacity using a top shaped concrete material with 2 piles socketed in
weathered formation

Development of design technique of long, large diameter cast in placement piles



9)

socketed in weathered formation

We made design table of cast-in-place pile analyzing DCPT result, and presented
scope of pile bearing capacity by the level of weathered formation.

Development of computation program for design of large diameter cast in placement
piles socketed in weathered formation

We developed computation program for design of large diameter cast in placement
piles socketed in weathered formation with presented load transfer method and

design technique.

IV. Research Results

1)

2)

3)
4)

5)

6)

7)

A comprehensive investigation method was recommended for evaluating the
depositional environment of thick deltaic deposits, as well as a simplified method
that is performed with the field soil tests and index property.

Sampling techniques for stiff/hard clays were developed and then reliability of them,
for which the evaluation of sample quality was performed comparing with the
results in situ tests. However, it is necessary to improve the technique in the future,
due to the variation of ground condition.

Contrast to Busan, the clay in Incheon had low Cc and Ca values.

Gneiss weathered formation in Incheon was finally classified as the third level based
on geological weathered characteristic and then scope of geotechnical properties
were quantified.

The correlation between the laboratory tests and DCPT N values applicable t o
weathered formation was confirmed.

Construction and inspection technique of large diameter cast-in-place piles were
investigated, and then problems of that were analysed to present countermeasures.
Through 5 construction and load tests of piles, a method for increasing the bearing
capacity of piles socketed in weathered formation is proposed.

The correlations between DCPT and F o DCPT and T WVETE confirmed



8)

9

1)

2)

3)

4)

respectively, and then based on correlations above, design table for cast-in-place
piles is proposed. In addition, According to classifications of weathered formation in
this research, scope of bearing capacity is proposed.

In the investigation part of design technique, load-transfer curves and test results in
internal and external literatures are summarized. Data with load testing of
cast-in-place piles are collected, and then by using them, bearing capacity of
weathered formation is obtained from load-transfer measures, as well as load-transfer
vehicles are analysed. Especially, the design technique of large diameter cast-in-place
piles is considered with compression amounts of footing.

In the development of design technique, load-transper mechanism and engineering
characteristic are summarized and then load-transfer function is developed by using
them. Also, the correlation of maximum bearing capacity is analyzed. The algorithm
is developed by using load-transfer function, and then computation program is
developed with programming tools. Comparing with The reliability of results from
design program is high comparing with results in situ tests, and the design program

would be more improved.

Practical Use of This Study Results

The proposed investigation method of engineering geology for thick deltaic deposits
will be published in an academic journal and delivered to practicing engineers at a
short course. In addition, the developed geological map would be a good reference
for the fields of civil engineering and other parts.

The sampling techniques for soft and stiff/hard clays in tried to be the Korean
standards.

The characteristic research for long term settlement in Incheon is applied to piles

design and calculation of settlement of soft deposits.

The evaluation technique developed for engineering characterizing of weathered

formation is applied to other types of rock in Korea except gneiss weathered



formation. A comprehensive classification system would be made.

5) The investigation method and practical technology of DCPT would be applied to
construction parts and other related parts.

6) Problems that takes place during the construction of bored piles and their solutions
are introduced, particularly piles in the weathered zone.

7) A revised method for the quality control of the piles is attempted to propose, which
was based on the results of this research.

8) Load-transfer function with high reliability can be applied to predict bearing capacity

of cast-in-place piles socked in weathered formation.
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e Chung, S.G., CK. Ryu, KY. Jo, and D.Y. Huh (2005). Geological and
geotechnical characteristics of marine clays at the Busan new port. Marine
Georesources and Geotechnology, Vol. 23, No. 3: 235-251.

e Chung, S.G., CK. Ryu, and S.H. Baek (2005). Effect of depositional
environment and sample disturbance in determining geotechnical properties on

Pusan clays. Canadian Geotechnical Journal (in review).
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Burland(1990)= A4 3 € AES 554 AAHAKNESY SAS 1835}

Eo EXe F x4 9 (fabric and bonding)S &
AddEe] F3 h2A 1 FHo ufE o= Intrinsicolt EASAT 1¥
3322 B Ao FHAUZ=2ME Burland(1990)¢] ICL(Intrinsic Compression
Line) ¥ SCL(Sedimentation Compression Line)¥} ®]n3}e] velll Aot} o] 1
ol A md HAgS34L2 ICL 38k ofgb oflo] f1Asta das &
T AUth olHd AARFE B A ofn IAStHEE Zow F3F F o,

AEQAE Aolo] mAREE A9 gl Ao wuHth =290 Troll A%

e

o] FEHEZA o]e} FAS AES K ATHBurland, 1990).

—
<

ISL (Nagaraj and Miura 2001)
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Void index, 'vo and IV

(Burland, 1990)
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a9 33462 stsol mE d2AF(CyY ®MIE dErd Aoln st5 F7tl
hal

02 Cool Wst7h Ao e o glow, & gRdsksolA 1 ghol sHdt
A ar AbRREE e wERiaL vk 2" 33479 yERE AAE 2 A9
SRAFE FARERY ARsl IA dEha vk o] H e o= & A9

. o1z A=A (Ca)

Mesri et al.(1977)2>C, ¢ C.o A= @A AaF 7k
H 3348 T E dE stFgFrbl WE Co B C.9
o 2ol A yERd viel o] g ETbel wE Co 2 C.o Wk A9 fAE
= AS & Adv 2 A9 HE Wg C/CAAE FAHHEMBNP, H))
oF g7 1%l 32499 YEiAT. F A

S g F ol w3 Aol ARERE C/C. BAE F AAIA, §23H

2 OCR 5ol 9&F& A4 devhs 2E Fdadh. 219 334102 G0 A
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BEFAA 7 A5 Ak (rfan, 1977; Irfan and Dearman, 1978; Dearman, 1976;

Ito et al., 1990; Irfan, 1994, 1997).
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el AW, 1986)7F & ol FRow Fstdl ERAAC g = A
Aoz A2E35tE Lee and De Freitas(1989)¢} o] <=<£(1989)0] 23] Hx=
FElvet FAY sl gk Fshd SR AA tid A7 Al EE o]

5, He] o] FA 006l ol g A Qo= avkA &gk A7) of A= X3

Aol W7l Wl Aow yzher

o] EFAA FlA Little(1969)0 ol HZx= Alb¥ AL Irfan(1977, 1978) 2%
Dearman(1976)°l] ol&l] 74, HHE 6dA o F3F EFAAZ dAAHSE &
A 7 del ol&xa low oo wEl A A<l A ukEst 7 (ISRM, 1978;
IAEG, 1981; BSI, 1981)°l oJsf =& = o] AIQt= L vk 34.1.1).

% 3t A 9~ (weathering index)Z A ¢tE o] A& &3 o}, T3R5 A FE -
A 71 A 84 F 3} A 4= (mineralogical -petrographical weathering index), 3}8H%4
33} A = (chemical weathering index) =12]3l, 3382 3#3}# 4 (engineering

weathering index)® &% Ut}
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¥ 3411, F3=o & gwte] EF(Irfan and Dearman, 1978).

Term Grade | Abbreviation Description

Rock mass shows no loss of strength, discoloration or other effects
Fresh I F A A} weathering. There may be slight discoloration on major rock
mass defect surfaces or on clasts.

The rock mass is not significantly weaker than when fresh. Rock

Slightly I SW may be discolored along defects, some of which may have been
weathered .
opened slightly.
The rock mass is significantly weaker than the fresh rock and part
Moderately of the roc.k mass may have been changed to a S(.)ﬂ. Rock material
weathered m MW may be @scolorefi and defect and clas‘F surfac.es will have a greajter
discoloration, which also penetrates slightly into the rock material.
Increase in density of defects due to physical disintegration
Most of the original mass strength is lost. Material is discolored and
more than of half the mass is changed to a soil by chemical
Highly decompositon or disintegration (increase in density of

weathered defects/fractures). Decomposition adjacent to defects and at the
surface of clasts penetrates deeply into the rock material. Lithorelicts
or corestones of fresh or slightly weathered rock may be present.

Original rock strength is lost and the rock mass changed to a soil

Completely \% CW ether by decomposition (with some rock fabric preserved) or by
weathered . .. .
physical disintegration (e.g. talus).
Residual .\ Rock is completely changed to a soil with the original fabric
. VI RS . .
soil destroyed (pedological soil).

o

_0|L
iy
i)
ko
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k=)
)
>
rlr
2
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gl
=)
o
il

9,
ofo
_0|L
N
k1
ot
i)

(7}) Density of microrack ( pc)

Onodera et al.(1974)= S 3h2F8o] WA WHA cracke] 42 open crack®] 4]
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&o] Skt d 53kl Density of microrack (p )& A8kl

Pror= length ofmeasured line
(34.1.1)

(1}) Micropetrographic index (Ip)

Irfan and Dearman(1978)2 H|W 2 FE3 WA FES H]Eslo] vA AT}

TS 11838+ micropetrographic index (Ip)E Al ¢tsl sl
Ip— __Sound_constituents  _ 7 r+ 7
Unsound constituents (altered feldspar + void + microcracks)

(t}) Microfracture index (If)
Irfan and Dearman(1978)¢] A|¢tst F3}x| =24 Dixon(1969)°] A<+t X4~
o} AL If A g vAITEY HETks 1dey, vATEe 3 HE

< ayshA et

If = the number of fractures in a 70mm traverse seen on a thin section of

(2}) Degree of decomposition (Xd)
Lumb(1962)> E<F o] A 2 A

Aol FAmM el A F=shA <l FEA =S AltsAT

lo
4
)
IS
>,
o
rob

4 el N 9

= 1

)Ql’ :(Nq_Nqo)/(l _Nqo) ............................................................... (3414)

o714, Ngi= weight of quartz and feldspar in soil®]i Ngot weight of

quartz and feldspar in fresh rocke]t}.
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(v}) Micropetrographic quality index (Ki)
Mendes et al.(1966)% A1 W9 vl FEy Ad FEo dov|d <A
st T3 A4 Kigs A|Qtelsd

. Sound _min evals s (3415
K =" Uhusound minerals + void + fissures) (34.15)

(W}) Microfracture density (p )

Davis(1984)= & 91H A vjAltd el dolol AF 444 F3AFE A

st
o] 7] A, = micro fracture density (mm '), L& total length of fractures

(mm)©] 3 A unit surface area (mm?)°]t}.

Fohagol QAW PR W} dojuth oefd WEE FBL T4
e 99 setgie] MaaTE AL om@d. webd Fad d@ o

HETL we AR olEAe] = % Faol kit AR o §3te] tiE e

£3], Weathering potential index(Reiche, 1943), Ignition loss(Suoeka et al,
1985) 5o shetd EspAs 2Ael ety TaAEs AgHor Fua)
SAY F Aot FrrE vt Aok dwrHor Fshzbgo] Mg wet s
g oz ool & MgO, CaO, Na20, K20¢ Fe203 & #Aste ®HH,
Al203, Si02 5 S7+gkt).

(7}) Weathering potential index (WPI)
Reiche(1943)=  &}3t4  Fsx|4&  Ackst x7] A4=x F9 stz



Weathering potential index(WPID)¢} product index(PD)E A¢tslsicth. WPI9
e olsA Fol(mobile cation)® A9 hydroxyl waterd <71 5 &

sho] QAL ofm @),

5202+ A1203+ ﬁOzC‘CZO + 1[@0"‘ NCle + KzO

WPI = - (3.4.1.7)

(\}) Product index(PI)

PI= Reiche(1943)0] o8] AIotel B85 Eshe] dao] o8 Siol 3
ol adg o g

5202+ A1203+ F€203+ 72.02

PI = - (3.4.1.8)

(th) Ruxton ratio (RR)
Ruxton(1927)ell &l A|¢td steha FstAszA T3kl A MgO, CaO,
Na,Ot #4dtH AlOs; 3 KoOw WA o] s =7t Yol F3tapgolAM hads
FrA gk 37k AT

MO + CaO+ NayO

VR = - (3.4.1.9)

(2}) Parker index (Wp)

Parker(1970)= 2.8 &7lg] o559 H| 9} AbAete] A
!

st A& Attt Wp A= Zheial 7
ot 24 St A A, T4 B G718 BF A8 ¢ e Ae=m 1t
FHT

( 2 +_110@9Q+ 25{2520 _@Q) N R B 1)
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(v}) Miura index (MI)
Miura(1973)= Al 123 #| 2 o] dHlolA A9 o]+ *fol7} tfar

A7}kl Miura indexE A 9FaFSl T

= MnO + FeO+ CaO + MgO + NayO + Kp0
M = Fe 04+ Al,05+ 3K,0 (3.4.1.11)

(W}) Lixiviation index (g
Rocha-Fillo et al.(1985)+ Z3t#A4elA MgO, CaO, NaO, K20+ FHashw

AlLOs= A E = 7FA Sloll A Lixiviation indexZ A ¢Fa} St}

B = A fresh + CaOl MO (3.4.1.12)

o714, A+= (K:O + Nas0)/Al,Osz°] t}.

(AbH) Alumina to potassium-sodium oxide ratio (AKN ratio)
Harnois and Moore(1988)7} A|tst &4st3 F =] o]t} NaO, K:O+ ©l&

ol & Aoln ALOs= F3bAolA kAR Aeleh= gl A}t

Al,O
ARN ratio = K,0 + Nzy0 (3.4.1.13)

(o}) Alumina to calcium oxide ratio (ACN ratio)
Harnois and Moore(1988)7} A|Qtet S22 A4 9 A] CaO, NaxO &< F3}
Ao A Taste AToZ, ALOse ¢Hgst AEolgts 714 sl Alts Sl

7.
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(3.4.1.14)

AN 7alio="10 57 Ca0 + NanO
(#}) Silica-titania index (Si-TI index)
Jayaverdena and Izawa(1994)7} AlOs, SiOs, TiO:9] #AZFEH X FE Aot
Atk St A vlawd ol FAde] 22 AlOs9t TiOxE 1#ste] WHE A
T2 WPL 2 H0(+H)9F F2 A33dAE oot F439
S0,/ TiO,
-7 iy —-— A 4 teeeeeees 34115
Si—Ti index =G0 ITi0,) + (Si0,/AL,0y + (Al,05/TiOy) ( )
(z}) Loss on ignition (LOI)
Suoeka et al.(1985)+= LOI A7} &}e4 FsA| 7t €vkal A Qtkeksioh
E 950C= 30E7F 7HEAl A s s MEEE FAS o=
&S YERAT
dol Z daet olsAel gle diave A=
3k ok
(3.4.1.16)

LOI= A=

A A g A H09]
3Fal Mobiles index (Imob)E Al

(7}) Mobiles index (Imob)
Irfan(1994)= S 3t3dol A o]
S g9l

02 Ass sge A
) Mob ;— Mob,
Mobiles index (Imob) Mob,
AMAask byt Fsketol A KO + NaO + CaO9l
Fo] ZgEFEQ AN SE,
AESE <

o] 714 Mobfet Mobw+
5} 7 <
°F 50 Aot} 2z FE9

AgratAct. s
o =

ol o},
(E}) Chemical index of alteration (CIA)
&e 9
YyAe] CIAE 100¢]H, illite, smectite= 70~85%] #t=2

Nesbitt and Young(1982)°]
A J 3o tigk CIA
_ 48 _

7_}/\4 @I
kaolinite, gibbsite



PAE® CIAE= 12 3=3 22 390 v&S sy, gehy F3he] A=

g ehd 5 ddvkn F3asich,

o

N
ol

e eseeeseresesseesessescseesessssssanans 411
ALL05 + G0 + NayO + K0 (34.117)

UdA =

(3}) Chemical index of weathering (CIW index)
Harnois(1988)7} #|otst s}e% F3}%| =2 A] Harnois and Moore(1988)7} A
¢Fgt Alumina to Calcium Oxide Ratio(ACN ratio)9} & 43t 7id 2] A 4=o|t}.

A]203X1(X)
e tee eeeseeseeses et aesae sestescaeaessanaasannans 34118
A1203+ CaO + NagO ( )

dA =

(3}) Chemical weathering index (CWI)
Sueoka(1988, 1989)7} A|Qtst slata FlA| =24 thFeo 2oz qHH

_ (A1203+F6203+Ti02 + HZ@XI(D .................................... (3.4.1.19)
N All chenical component o

B2 - opM e ERASe B8ty EHAGE Ede] gAY ety W
sho} 2o Ws), 21 FEEA WalE AW & e s A4 29
g 2 A 2 Ageld 4 A& 2

Qe BHA 4B AL FAce] Aagel Tt T

.

ol Al T gt e A e =2 A disk s A7 e EH
thH(Hamrol, 1961; Onodera et al, 1974; Irfan & Dearman, 1978). o]2]3F ¥ 3}%

FoAsE gNe A A4S AgHon wests g e BYAY

S E3&to] At At FFr]E ™, hand penetrometer, <l °] (slaking) A&

9 AeE A% AT e el BAAY ol ehdel FRuAE 167
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ko] AR A

(7} FrEsiH vz el A5 R
Irfan and Dearman(1978)2 | E&| ™ HkiEX 9} Hels A4 52 oF] oA

THAES Ao Hristed dddor ofgd 4 gvkal Htsksdh

() Sdeol2 W4 A
ol Wt A A 4(slake  durability index, Sd)+= Franklin and
Chandra(1972)°l &Jal ol<k, MY s AHA A HAde Fs=e U+
AE Wrtetz] 98 akEJeH, AR TR = dAS BEHOE
H7 b= 83tk Leung and Radhakrishnan(1990)& o 2] =3}k Al o] A]
ARQE, olgt, AlY T sdela HFAEAT7E BAVE Aes ATEAT Lee
and Freitas(1988)«= <#lol= W4 A7k sh=o] Rxst= st F3te
£ Ao Hristed fF&stthal Baskitt

»

Komoo and Yakub(1990)o <3t f¢F, Hull el Ao A F3l7F I d
ute} Sd2(II cycle value)’t 4 sts A4S HAY &#ola WS A 4|
e oe 84 T ALY F de HAEREY] TF

7B "R, Alde] Faee Sdola W AES 7MY F2 AARAIH,
Sd2(II cycle value) index® T3=2 T 443} &9 v&E AFHoz

Aot A& 7158 thDick et al. 1994)

AN

ote shAkE dASES Hurehr] Y8 ST AIE(QAD 2 void index”7h
Hamrol(1961)°] ]38 #|¢tE 2th. Hamrol:E QAIS} €A Alg7hel] =& AaA]
o] vt 3k o™ Irfan and Dearman(1978)¢] A+ Axeolx x| 3k}

(2}) The coefficient of weathering(K)

liev(1966)= kAol &3 H=o 278t “The  coefficient  of
weathering(K)"& #|¢tslth K e WS 7|Fo02 T3 [
W, AAE Fsted EEH= Ve AAES]

S| ;g

ﬂl m
olr
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o 71 A, K= coefficient of weathering, Voi= P-wave velocity in fresh rock,

Z18]31 Vwe P-wave velocity in weathered rocke] t}.

(vh) RDI; % RDIq
Fookes et al.(1998)2 ¢t4le] Wi4-4& H7ketr] flste] hdsh &84 A]g
of 71x3 5 7k dejel A

TE At o Aee A 52 e4d ¥
st @del EF A8d 4 sdnh e AA WTAd A

1

3
»
—+
jab}
=
(@]
=
Qo
(@]
S

durability indicator) W3 2ol 4714 AlgdS F3 4S5 Stk

RDI = Tgs) — 0.1CSST+ SWA) e, (3.4.1.21)

SG

A7IA, Loz A2 B E3gH S Hols =) BatA|olaL, SST+= Mg®3t

>
StEo] AMEAF(soundness test)e] ZAdoln WAE E9 FFE

lo

©
K

SGssd= Hlzolt}t. &9 &44 Ald(water absorption test)e] ZAI}ol 55
AT oA WaeEe AV d¥S wFEu Mo YA A=

o #tol ToAS d=xd7] fAsiAoltt HetTA A2 G4 AHQd dEE

SrA 71 A e EA7FA] 118§ modified aggregate impact value(MAIV)E %

o, o A4t vhet 2ok

Rl)]d_w ...................................................... (3.4.1.22)
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Results
determination of

the weathering grade

composition of major oxides
calculation of the weatherig index

general physical properties

Young's modulus (Ep)

cohesion (C)

effective friction angle (¢)

P-wave velocity (Vp)

S-wave velocity (Vs)

down-hole
cross—hole

(PMT)
(BST)

Unit weight
Borehole shear test

Grain size

Water content
Specific gravity

Pressumeter test
Borehole
seismic test
- 56 -

Items

Core logging

Petro-chemistry

Lab.
physical test
Field
mechanical test

3.4.3.1. Summary of the research items and their results.
Geology

Approaches
Geotechnology
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Core logging — We:;Zgreing
Weathering |
Geology class
Petro- || Weathering corre-
chemistry index lation
correlation ) )
analysis Engineering class
and
characterisation
Lab.
physical test §‘
Geo-
technology
Field
mechanical test
1% 34.3.1. Flow chart of the study.
4, AT B4
R E
of A= A AlAEE AFHFAZA TP 3-29 TP 3-3¢] A A4
o F3f AwkS o st 2abd e = It AAE A% 7159
Al F2AE Asks Falste], ARWE TP 3-2 A%eds 1449 d78& AFE
= ARt A om o] vFstA Fxsk= TP 3-3 A Yedl= 37149
ANFEE AGI " 34.4.1). AFF oA 2714&BH-1% BH-2)v d%

A& 5Ho2 yrA 272BH-33 BH-4)= A& AFAE 5402 33
aHu A9 284S FuUstey] Yt AlFFEE AR AFHY dF AY
S Hus gttt 3xpdEe = TP 3-2¢] 27149 A& 3 (BH-59 BH-6)

at

core barrel)S ©]-&3tRom HFsd FItol A= D3 IZAAHA7IE o] &3S



»~

TP3-3

T

FS T}
@ 2X4x
N 34y
TP2(d=1.85m) "

*. @PTH-§

IS

TP3(d=135m) Ol .

PTH-3

< TP4(d=1.85m)

i

0 ‘@ ia

TP3-2

" Pﬂv .

TPi(d=2:35m)
o PTH-1

PTH-5

REoF N M oW W R G o
__ oo— o m o Mo B - ~
Vo GO ; - oo »
i A E ~ © o 9 or o o " “o ny
B | B 7 om R o RO G <
m m._ 1% W o B X = [ o
%l im 2 Toap 2 o TR X He =
m_“ | W : = & X e RS (- o IS W
= Mo = P A M= S Y uomaw %
B i T %k W L, T AR
= - o 5 M o P oy o X
M.). T T I T I B
B ol || = I ER T T o XOE o5 B
W e "2, — _Jlorﬂ Mﬂ m H.f g . o )A,._ o OM
o m | = Eo ~ o2 d| X ﬂ X N
m n GRS~ B T T %
B oy e . an) oy T 9L K BR o o
— ~ E.O Lf D OE —_ = OE ,Cl zﬁo EO io
o b —_ o T o ~ @ b =1
— 3 T X e % B B AR X
oS & N MM S T P T Plo %M I~
X0 N 7 n ;
g | ) ur«ma%m%ﬁa%ﬂ_&%%wwﬂ
& Fo B N EEEN do Ho X° < A
T i o WO o Towmor v X
) 0 < Ko ol X 70 Moo — SN o
® | - o & b N
._ﬂ “ oH EL _.ﬁ ﬂ_Al MN ) ME ﬁﬁ N ‘_ﬂor xr T lo E.o
3 fr— X —
() 3 wﬂ ) ol TN S
¥ | . oy ol ol 2o oo H B o — X o
£ a - = T W S Vooox
5 | <t SR JH. X o o X
o = 2ELel Py g @
s o o) 0 m — .
B |8 o df A o W A GE s B
= Swl || H o o ow o MM oy o e T
o - 4 — = Wy o] o < o NP
Hej: [R5 S R~ N
o N ~ I _—
bR E e M@ﬂmﬂﬂ%ﬂ%w%#aﬂw
= _ o o ~ =0 X m o= @ _-
m A EleH ma ma = u_/r Vo= N m& -5 = G
o N B R o T %o NE T —
" CC S S ENECS
ay

_58_



)
A

o
o

o

shof ARk

3T
)

s3ttel so] AlE Al o

3T
o

%]

A} # 7] (Denison sampler)

{8

S
A~

o=
Al &

S
A

P

T
P

R

H

]

Foul 2ol HlY]
so] AL e Aew AA ATk Wb o] AFolA

tek @A Feluetel A 2

°

7|Z o7 AFgk),

s

-

ol

)
g
i+
e
o
N
ol

o

£l

3

°©
=

X-Ray
Al =24

1

=& 474 (KSF) 2

bol 7hzte)

f 84

1

A (XRF,
5

R4

<]

o

2|

o
™

371 9

S

g

A
st Azl
o =4l

=
=
3T

5

5

14

A

[e)

o] -3

[e)

=
o B

fex
i

=

J

[
=
=

3]

& E=AA

a

Ry

Fluorescense spectrometer)
o

Al ol A €]
(D AW =2

(2)

3t A

= A el A ¢

3
=

[

Al
= Il
T o

]

Bz

xol-

ey

7l TP 3-3

1

kel
=]

&g 55k} o)

b

S

1
T

AL

2%

SER
S}

I3

S 72 AF
7h WA

A el AAE 3] AMFEE o]&st] Al

al

A

ol

0
Nr
ol
0
)

B
L
Ho

oL
[¢}

Sk3 e 7]

°©

)

[}

|

Ay

_59_



FATHLE 3.4.4.2).

°©

°o]-&

=

=

el A Al

2 OYOA}Y] Elastometer—2(model-4281)

RETA

CR

o A%

=

bl Al ol 2

0|
[}
=

71

I3
=

3]

S

v Ty 5z 7T
(R S IO - X0 T
N do ~ i _ g
£ N M KO e T3
N WX 5 &
© = ow B o i S =
N zn o BK io° Mo Y - oﬁ
oﬁe mw.o ,_._.mo S ° ~r :.L oy W
T WO = N o
ﬂ_, o o Wt (S il ]
oo Xy N ER w w

o — OE
) 0 N ) i

; T T oz T 2
o W OF W oF . T
N~ iy @ TR N G
o oo th ~x AR Ca RO 0 1m
0 — 0 _ ‘mav -5
o ~ % " o X8 do OF HE
o 18 i GRS N =
mEE _L,Ml T T e M_/_u i 3 H 2 0
_— F T = o s o 5
X | N 3 ~ — — X
= o Pow W - ° m
um Mo HA_. Mo N = N . N
m.m o F oo oo WX - W

8 : = = ) o~ —_—

2 I oS % o o)) <
& X =5 0L 5 F 2N x M
,m o« ﬂE mm._ M_.A ot X0 JI wr .ﬂl oF O_
i [ pFiczi TLERE Cf
! 0
mm zﬂ - o m“ A ~ 9 % o it W
=F s # T B &_. o r Wu I op T <P o

— o) ‘m [ W ,M ) _ .ul ~o

N —~ i N X
w an R Wy/l X0 d_m = ®° X i 0 Nr o
[ Xaw B X E = W G do W o
z MM TN W T B Bo = o~ X B2
)W@ﬁm,&bm o R ow ® 5w

z = oM ow &

ol A
£
o]
=l
Zr:

_60_

o] thH(1H 3.4.4.39] A).



(B)

(A)

o+

_z__:
T
ol
X
A+

Ng %9
9D A7t FoFH WA pad7t vpgEo R o

arL
[¢)

AU Ao

°] B). 181

tH1d 3.4.4.3

s

A

A R $AYY 2AR

Ho

}3l air pressure

A&

th(1¥ 3.4.4.39 O).

A EZA stop valve® pad?]

-
s

ki3

control valve® normal pressure® Z&

_61_



7159 ZA

o2 ZFH = air pump’/t AFEE ST

4
| .

2E7F 2o YA

o |

o)

DC air compressor
4 3.4.4.3° D).

»5_!

X
_5_!

gt

7 6mmE AMg

Z]
Al

ek A4 o]

o

]

10mme©e

m

1

a9 344400 YERA A

KN
=

ﬁo

Hydraulic

() +— Gauge

Shear Head

#———— Ring Gear

Gas Line
v

Pressure Gauge
Hand Pump

=— Shear Plate

(th A%F S5

puts} S3t T &

s

&3

Ho

Ho

A4

|

shebabel AFE BATEAR TR

A

A

]

<
;00

—_—
fife)

A

!
B

jze)

m

—_
o

—~
o

Ho

370

=
[¢)

_62_



At 7] 42 = 13- SeistronixAte] RAS-245 o] €3t (18 3.4.459]
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52 A& eA A S (Dynamic bulk moduluds)

Kd :p( VZP_4V2$/3):Ed/(3—6Vd) ................................................... (3.4.4.4)
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Depth | Sampling &

(GL.-m) [Core recovery

Lithology &
Classification

BH-1 (TP 3-2 site)

Description

v,

i1}

1,

97 %

45

46

47

48

Type IV,
Weathered zone of banded gneiss

grayish orange (10YR 7/4) to dark vellowish orange (10YR 6/6)

sandy mud to muddy sand

fine to medium-grained sand

relatively sticky and plastic

all minerals severely decomposed

severely oxidized thoroughly

crystalline rock texture exists and foliation observed partly

Type I,

Weathered zone of banded gneiss

light olive gray (5Y 5/2) to olive gray (5Y 3/2)

fine to medium-grained sand with minor mud

slightly plastic and sticky

considerable portion of minerals severely decomposed
partly oxidized in the uppermost portion faced with Type I,
crystalline rock texture exists and foliation well observed

Type I1,

Weathered zone of banded gneiss

vellowish gray (5Y 7/2) to light olive gray (5Y 5/2)
granully fine to medium sand

containing very minor pebble-sized rock fragments
considerable portion of feldspar severely decomposed
crystalline rock texture exists and foliation well observed

Type I,

Weathered zone of banded gneiss

vellowish gray (5Y 7/2)

granully fine to medium sand

containing minor pebble-sized rock fragments

partials of feldspar decomposed

crystalline rock texture exists and foliation well observed

Type 111,

Weathered zone of granitic gneiss

very pale orange (10YR 8/2) to yellowish gray (5Y 7/2)
granully fine to medium sand

very minor pebble-sized rock fragments, less than 5mm
quartz fresh but most of feldspar decomposed

dark minerals oxidized partly

crystalline rock texture exists

Type I1,

Weathered zone of granitic gneiss

very pale orange (10YR 8/2)

pebbly fine to coarse sand

max. 45 mm, about Smm dominant

quartz fresh but considerable portion of feldspar decomposed
dark minerals oxidized partly

crystalline rock texture exists

pegmatitic vein with about 20 mm width observed in the upper part

Legend

:' SPT. samplc- Triple core sample Banded gneiss I]]]]]]]]]]]] Granitic gneiss

1% 3451 BH-1 =stuje] A& 54 714,
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Depth | Sampling & Lithology & BH-2 (TP 3-3 site)

(GL.-m) [Core recovery Classification

Description

Type 111,

Weathered zone of granitic gneiss

yellowish gray (5Y 7/2)

partly very pale orange (10YR 8/2), esp. in the more coarser-grained
granitic gneiss

granully fine to medium sand

very minor pebble-sized rock fragments, less than Smm

quartz fresh but most of feldspar decomposed

dark minerals oxidized partly

crystalline rock texture exists

I,

Legend
4 l:l SPT sample- Triple core sample Banded gneiss [[[[[[[] Granitic gneiss

1% 3452 BH-2 S3tie] A1d 54 71A.
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Depth | Sampling & Lithology & BH-3 (TP 3-3 site)

(GL.-m) [Core recovery Classification Description

Type IV,

Weathered zone of banded gneiss

moderate vellowish brown (10YR 5/4), sandy mud to muddy sand
relatively sticky and plastic

all minerals severely decomposed and oxidized

crystalline rock texture exists and foliation observed partly

Type 111,

Weathered zone of banded gneiss

dusky yellow (5Y 6/4), granully fine to medium-grained sand with minor mud
shightly plastic and sticky

considerable portion of minerals severely decomposed

crystalline rock texture exists and fohiation well observed
TypeIl,

Weathered zone of banded gneiss

light olive gray (5Y 5/2), granully fine to medium sand
containing very minor pebble-sized rock fragments

minor portion of feldspar severely decomposed

crystalline rock texture exists and foliation well observed

Type

Weathered zone of banded gneiss

vellowish gray (5Y 7/2)

granully fine to medium sand

containing minor pebble-sized rock fragments

partials of feldspar decomposed

crystalline rock texture exists and foliation well observed
Type 1V,

Weathered zone of granitic gneiss

moderate vellowish brown (10YR 5/4), muddy sand to sandy mud
rare granule to pebble clast, relatively sticky and plastic

all minerals severely decomposed and oxidized, but quartz fresh
crystalline rock texture exists

Type 111,

Weathered zone of granitic gneiss

yellowish gray (5Y 7/2), but moderate orange pink (5YR 8/4) in the upper portion
granully fine to medium sand

very minor pebble-sized rock fragments, less than Smm

quartz fresh but most of feldspar decomposed

dark minerals oxidized partly

crystalline rock texture exists

Type 11,

Weathered zone of granitic gneiss

very light gray (N8) to vellowish gray (5Y 8/1), pebbly medium to coarse sand
quartz fresh but considerable portion of feldspar decomposed
dark minerals oxidized partly

crystalline rock texture exists

Typel,

Weathered zone of granitic gneiss

very pale orange (10Y 8/2), pebbly medium to coarse sand
quartz fresh but minor portion of feldspar decomposed

dark minerals oxidized partly

partly core recovered but, easily friable by hand pressure
coarse-grained rock texture well observed

Legend
[ sPT sampie [l Triple core sample Banded gneiss [[[[[][] Granitic gneiss

1% 3453 BH-3 S3tthe] A2 54 714,
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Depth | Sampling &
(GL.-m) [Core recovery|

Lithology & BH-4 (TP 3-3 site)

Classification Description

50 %

0 % | o e,

Weathered zone of banded gneiss

55%

dark yellowish orange (10YR 6/6) to moderate yellowish brown (10YR 5/4)
1, with light olive gray (YR 5/2) partly

sandy mud to muddy sand
relatively sticky and plastic

36%

1T |11, all minerals severely decomposed and oxidized

111 crystalline rock texture exists and foliation observed partly
Type LI,

m Weathered zone of banded gneiss
s light olive gray (5Y 5/2) to light olive brown (5Y 5/6)

granully fine to medium-grained sand with minor mud

slightly plastic and sticky
111, considerable portion of minerals severely decomposed
crystalline rock texture exists and foliation well observed

11 Type 111,
— 1 Weathered zone of granitic gneiss
- b

vellowish gray (5Y 7/2), but moderate orange pink (5YR 8/4) in the upper portion
111, granully fine to medium sand
very minor pebble-sized rock fragments, less than Smm

1 quartz fresh but most of feldspar decomposed

dark minerals oxidized partly, crystalline rock texture exists
Type 11,

Weathered zone of granitic gneiss

very light gray (N8) to yellowish gray (5Y 8/1), pebbly medium to coarse sand
quartz fresh but considerable portion of feldspar decomposed

dark minerals oxidized partly, erystalline rock texture exists

Legend
[ ST sample [ Triple core sample Banded gneiss [[[[[[[] Granitic gneiss

1% 3454. BH-4 Fstvle] A& 54 714,

Depth | Sampling &
(GL.-m) [Core recovery|

Lithology & BH-5 (TP 3-2 site)

Classification Description

Type I,

i Weathered zone of banded gneiss

vellowish gray (5Y 7/2)

> granully fine to medium sand

T containing minor pebble-sized rock fragments

partials of feldspar decomposed

crystalline rock texture exists and foliation well observed

Type 111,
Weathered zone of granitic gneiss
very pale orange (10YR 8/2) to yellowish gray (5Y 7/2)

granully fine to medium sand

very minor pebble-sized rock fragments, less than Smm
quartz fresh but most of feldspar decomposed

dark minerals oxidized partly

SR

crystalline rock texture exists

'x_ Type 11,

Weathered zone of granitic gneiss
very pale orange (10YR 8/2)
pebbly fine to coarse sand

max. 45 mm, about 5mm dominant
T quartz fresh but considerable portion of feldspar decomposed

dark minerals oxidized partly

crystalline rock texture exists
pegmatitic vein with about 20 mm width observed in the upper part

Legend

:' S.PT sample - Triple core sample

“| Banded gneiss I]]]]]]]]]]]] Granitic gneiss

1% 3455, BH-5 S3tthe] A2 54 714,
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Depth | Sampling & i G Ty BH-6 (TP 3-2 site)
(GL?-m} ‘ore . %er,\ (Tli::zi)}izaifn Description
10.27 66.7 %} v, T}’DE th
11 : Weathered zone of banded gneiss
grayish orange (10YR 7/4)
12 100 % 1 sandy mud to muddy sand
i slightly plastic and sticky
all minerals severely decomposed and partly oxidized
13 crystalline rock texture exists and foliation well observed
Type 11,
14 Weathered zone of banded gneiss
light olive gray (5Y 5/2) to olive gray (5Y 3/2)
15 fine to medium-grained sand with minor mud
slightly plastic and sticky
16 considerable portion of minerals severely decomposed
partly oxidized in the uppermost portion faced with Type I,
17 crystalline rock texture exists and foliation well observed
Type I1,
18 Weathered zone of banded gneiss
vellowish gray (5Y 7/2) to light olive gray (5Y 5/2)
granully fine to medium sand
19 containing very minor pebble-sized rock fragments
considerable portion of feldspar severely decomposed
20 0% I”lmﬂl”ﬂ]ﬂ]”]m i, crystalline rock texture exists and foliation well observed
Typel,
21 Weathered zone of banded gneiss
vellowish gray (5Y 7/2)
2 granully fine to medium sand
(o I containing minor pebble-sized rock fragments
‘ partials of feldspar decomposed
z crystalline rock texture exists and foliation well observed
2 Type 111,
60 % 11, Weathered zone of granitic gneiss
very pale orange (10YR 8/2) to yellowish gray (5Y 7/2)
28 ) [ granully fine to medium sand
80% 1, 2 very minor pebble-sized rock fragments, less than Smm
29 quartz fresh but most of feldspar decomposed
dark minerals oxidized partly
crystalline rock texture exists
32 100 % L* Type I1,
I Weathered zone of granitic gneiss
3 5% very pale orange (10YR 8/2)
' pebbly fine to coarse sand
max. 45 mm, about Smm dominant
4 quartz fresh but considerable portion of feldspar decomposed
79% I, dark minerals oxidized partly
15 crystalline rock texture exists
33% L pegmatitic vein with about 20 mm width observed in the upper part
36 Type I,
Weathered zone of granitic gneiss
37 very pale orange (10Y 8/2), pebbly medium to coarse sand
9 n quartz fresh but minor portion of feldspar decomposed
. " dark minerals oxidized partly
38 partly core recovered but, easily friable by hand pressure
coarse-grained rock texture well observed
2 — L Legend
40 E SPT snmple- Triple core sample Banded gneiss I]]]]]]]]]]]] Granitic gneiss
42

1% 3456. BH-6 wstvle] A& 54 714,

HAA A o2 light olive gray(5Y 5/2)9A] olive gray(5Y 3/2)¢] MZEE uwlal,

FEAHO 2 AFF BH-204+ dusky yellow(5Y 6/4), AF3% BH-4°Ad =
light olive brown(5Y 5/6)¢] MxE w7|% v}y B3 Ao {FAS o] gh
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% % oo ghere] Aujul 2R A4E gt
3E 3461 T3 FAstE 4.
Borehole Depth Major oxides (%)
No. (GL. -m) (rade SiOz | AlOs | FexOs | MnO | CaO | MgO | K20 | Na2O | P2Os | TiOz | LOI
16.76 IV, 5958 1499 | 9.87 0.08 | 1.67 | 258 | 261 | 1.37 | 031 | 1.23 | 4.76
20.68 Iy |6250| 1792 | 4.87 008 | 213 | 223 | 229 | 235 | 018 | 0.55 | 4.40
23.73 1l 7140 | 1642 | 1.53 004 | 129 | 022 | 334 | 338 | 002 | 012 | 1.85
BH-1 26.33 I, |6762| 1692 | 3.13 004 | 249 | 1.04 | 158 | 354 | 002 | 053 | 263
30.18 gy [7254) 1469 | 155 003 | 117 | 026 | 435 | 330 | 0.01 | 0.16 | 147
43.18 I, |53.15] 16.70 | 9.00 012 | 6.05 | 422 | 225 | 366 | 042 | 1.09 | 2.87
45.55 I, |65.04] 1550 | 6.67 008 [ 151 | 165 | 219 | 257 | 015 | 051 | 4.11
19.55 I, | 7111 1626 | 1.69 002 | 084 | 031 | 398 | 234|001 | 022 | 267
BH-2 25.06 g |69.74 | 16.20 | 1.43 002 | 1.41 | 027 | 365 | 352 | 001 | 0.17 | 351
30.72 MW, | 7093 | 1546 | 2.23 002 | 1.88 | 047 | 427 | 379 | 0.10 | 0.34 | 0.37
14.13 IV, [4522 | 1755 | 20.86 | 0.09 | 0.10 | 1.49 | 2.73 | 0.28 | 0.55 | 342 | 7.80
14.59 Ol | 7157 | 17.04 | 1.09 0.00 | 004 | 012 | 598 | 026 | 0.03 | 0.07 | 3.65
15.15 I, |6763| 1800 [ 3.11 002 | 006 | 029 | 493 | 0.37 | 0.08 | 0.20 | 4.73
16.31 I, | 7190 | 16.51 | 0.60 0.01 [ 000 | 016 | 503 | 038 | 0.03| 005 | 391
17.29 I, |58.06 | 2801 | 2.31 001 [ 007 | 044 | 619 | 034 | 005 | 0.15 | 4.23
BH-3 20.50 g [72.09] 1554 | 043 0.07 | 006 | 022 | 623 | 248 | 0.01 | 0.02 | 1.53
2213 L, |73.16| 1541 1.31 001 | 071 | 030 | 459 | 214 | 0.01 | 0.10 | 2.06
23.53 I, |59.80 | 23.00 | 2.80 003 | 162 | 1.04 | 3.06 | 3.37 | 0.02 | 0.33 | 443
26.78 Iy 59.63 | 1649 | 7.86 010 | 251 | 276 | 306 | 312 | 050 | 1.06 | 2.38
27.00 Iy 68.87 | 17.00 | 2.50 004 | 077 | 030 | 390 | 371 | 0.05| 0.18 | 2.38
28.95 I, |61.99] 1699 | 6.50 011 | 215 | 254 | 313 | 260 | 021 | 1.09 | 3.06
17.05 IV, | 4656 22.13 | 13.04 | 0.08 | 0.14 | 401 | 279 | 0.18 | 0.25 | 1.61 | 8.83
19.38 I, |959.03] 2398 | 3.19 002 [ 032 | 055 | 483 | 1.07 [ 005 | 044 | 6.25
21.66 I, |61.61| 2397 | 191 001 [ 099 | 038 | 400 | 3.03 | 0.03 | 0.25 | 343
b 23.68 mL, | 7151 1262 | 4.14 006 | 098 | 145 | 214 | 2.09 | 0.02 | 0.38 | 3.65
24.78 Iy [6393] 20.78 | 2.58 004 | 1.08 | 025 | 297 | 451 | 003 | 0.17 | 3.22
2748 MW, | 76.36 | 10.77 | 1.57 003 | 064 | 021 | 592 | 290 | 0.02 | 0.06 | 047
10.37 IV, [6756| 17.20 | 4.34 003 | 042 | 074 | 384 | 1.36 | 0.07 | 0.38 | 3.90
28.00 Iy 7557 | 1340 | 1.65 006 | 053 | 040 | 466 | 220 | 0.05| 0.14 | 145
BH-6 32.20 Iy 74.15| 1360 | 1.89 005 | 1.33 ] 025 | 291 | 316 | 014 | 0.13 | 1.14
35.00 Iy 7261 | 1412 | 165 003 | 147 | 024 | 350 | 350 | 0.11 | 0.13 | 0.66
39.30 Iy 7295 | 14.30 | 1.26 001 [ 034 ] 034 | 490 | 251 | 009 | 0.22 | 1.40
ATFA A T3 Aol A FIAFE AASHY] fste] BRE FIAF
Apole] 4@ R4S 7 AT Table 3450 AN EeAS Aol



°of ZAvd w4 A3, Ao 4 #AE 7HA = LOISH AKN ratio, -2 A
#AE 7FA = LOIH WPI, AKN ratio®t PI 223l ACN ratio®t WPI Alo] ¢
dd Al 07 ol o wA wlwA gogk A #AE BIAH(d 3461~
34.64). 53], LOI¢t AKN ratio® ¥ A= 08724 74 £& 4% dAE
7F

#3462 Fstde] Fikste 202N EH AAE FIA T

Weathering Index
Borehole Depth Grade . ACN .
No. (GL. -m) LOI AKN ratio ratio SA ratio PI WPI
16.76 vy 4.76 3.77 0.83 7.02 77.34 -1.05
20.68 1T, 4.40 3.86 0.80 6.16 81.18 0.72
43.18 1l 2.87 2.82 0.63 5.62 75.14 14.91
BH-1 45.55 jne 4.11 3.25 0.79 741 81.86 -0.42
26.33 1l 2.63 3.30 0.74 7.06 84.30 4.18
23.73 1L, 1.85 2.44 0.78 7.68 87.08 4.39
30.18 1y 1.47 1.92 0.77 8.72 88.23 5.99
19.55 11, 2.67 2.57 0.84 7.72 86.86 1.54
BH-2 25.06 IlIg 3.51 2.26 0.77 7.61 86.96 1.16
30.72 MW, 0.37 1.92 0.73 8.11 86.73 10.31
14.13 v, 7.80 5.82 0.98 4.55 60.18 -14.97
17.29 I, 423 4.29 0.99 3.66 76.55 -3.18
2213 1, 2.06 2.29 0.84 8.39 88.15 3.15
28.95 e 3.06 297 0.78 6.44 79.61 5.44
26.78 11T, 2.38 2.24 0.79 715 85.45 3.25
BH-3 26.78 1l 2.38 2.67 0.75 6.39 78.25 8.45
14.59 11, 3.65 273 0.98 7.42 87.15 -2.38
23.53 1, 443 3.57 0.82 4.59 79.36 -0.32
15.15 Iy 4.73 3.39 0.98 6.64 84.11 -5.84
16.31 Iy 391 3.05 0.98 7.69 87.94 -3.90
20.50 1T, 1.53 1.78 0.86 8.19 88.74 5.16
17.05 IV, 8.83 7.46 0.99 3.72 65.66 -13.82
23.68 1, 3.65 2.98 0.80 10.01 86.96 -0.98
BH-4 19.38 I, 6.25 4.06 0.95 4.35 7813 -8.59
21.66 111, 343 341 0.86 4.54 80.09 0.73
24.78 11, 3.22 2.78 0.79 543 82.13 1.50
27.48 MW, 0.47 1.22 0.75 12.52 91.22 8.43
10.37 vy 3.90 3.31 0.91 6.94 83.38 -2.60
28.00 Iy 1.45 1.96 0.83 9.96 89.36 4.47
BH-6 32.20 Iy 1.14 2.24 0.75 9.63 88.87 551
35.00 Iy 0.66 2.02 0.74 9.08 88.55 7.78
39.30 Iy 1.40 1.93 0.83 9.01 88.67 4.81
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F 34.63. F3A G Abol o] A E4.
LOI AKN ratio ACN ratio SA ratio PI WPI

LOI 1.00

AKN ratio 0.88 1.00

ACN ratio 0.43 0.34 1.00

SA ratio 0.54 -0.57 -0.13 1.00
PI 0.67 -0.77 -0.10 0.62 1.00
WPI -0.78 -0.65 -0.74 0.25 - 1.00
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AKN ratio (Alumina to Potassium-Sodium Oxide Ratio)

WPI (Weathering Potential Index)

16

14

12

-12 —

-14

-16

o I,
el

> > > >

Y=059*X+1.11
R-squared = 0.88

r— 1t 1 1. T T T 1 1T T© 1T Tt 1T T 71T T 1
1 2 3 4 5 6 7 8 9
LOI (Loss on Ignition, %)

19 346.1. LOI®H AKN HJ 9] a7,

oy A IV,
ell, A
Al
Al
Y =-2.92* X +10.76
R-squared = 0.78
AN
T T T T T T T T [ T T T T T T T T T
1 2 3 4 5 6 7 8 9 10

LOI (Loss on Ignition, %)

1% 34.6.2. LOI®F WPI| 7.
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P1 (Weathering Product Index)

92
20
88
86
84
82
80
78
76
74
72
70
68
66
64
62
60
58

N IV,
- 1,
] I,
i )
7] AN
4 Y=-495*x+97.83
1 R-squared =0.77
- T
1 2 3 4 5 6 7 8

AKN ratio (Alumina to Potassium-Sodium Oxide ratio)

19, 34.6.3. AKN H| 9} PIo] Aok,

WPI (Weathering Potential Index)

16

14

12

10

-10

-12

Y =-59.68 * X + 51.01
R-squared = 0.74 A

T T T T T T T 1
0.7 0.8 0.9 1.0
ACN ratio (Alumina to Calcium-Sodium Oxide ratio)

19 3464. ACN Hle} WPIe| ¥k,
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25 713E 3= A A= W(Weathered)oll 3 A =7} 2135 oju] 2 A
L(Low), M(Middle)?} H(High)® F-&38kal 7)o 2 S 9w st g(granitic

gneiss) ¢t b(banded gneiss)E F&3dte] E7])8FA k. zF obato] ue EHE F

st #uke] il A 5S4 aoksw ey gk

m

i 3464 T3 .

Banded gneiss Granitic gneiss
Class Grade Description Class Grade Description
yellowish brown colored yellowish brown colored
cohesive and wet cohesive and wet
W Vy, . . . Whig) Vg . . .
fine-grained soils fine—grained soils
severely oxidized severely oxidized
J11EN greenish gray colored light yellow colored
W) fine to medium sand with very] W Mg fine to medium sand with very
1S minor pebble and fines minor pebble and fines
greenish gray colored I light gray colored
fine to medium sand with minor # medium to coarse sand Wwith
Wi Iy Wi .
pebble I minor pebble
core and relict joints g core in part

(1) sHgAvkere] Faho) 259 57
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sh7dAvieke] Tl FoA M T3 ARV =2 T3 73 NVg7F 47190
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¥ 3471 FFU B 54,
Unit weight .
Water (gf/cm’) Grain size Specific
Borehole D epth content Depth passing retained gravity
No. (GL. -m) (W, %) wet dry (GL. -m) through on #10 (Gs)
W | G 5200 %) | (©8)
16.76 36.18 16.90 13.80 0.89
17.62 23.36 21.00 8.46 18.18 2.699
20.68 16.98 1.87 1.60 26.50 8.50 44.63 2.627
21.03 17.45 1.99 1.69 30.60 7.36 37.33 2.622
23.73 9.92 43.73 5.70 12.59 2.686
24.08 8.65
26.33 13.56 2.03 1.79
BH-1
26.78 17.02 2.06 1.76
30.18 10.86 1.99 1.80
30.58 11.42 1.95 1.75
43.18 10.77 1.94 1.53
43.50 12.54 2.09 1.86
45.25 8.26 2.16 1.99
45.55 11.09 2.07 1.86
19.55 21.22 2.05 1.69 19.78 13.73 13.72 2.634
20.00 20.05
BH-2 21.23 16.37
23.14 1715
25.06 15.00
14.13 33.68 1.78 1.33 14.73 14.20 4.24
14.59 21.83 17.64 13.40 4.25 2.633
15.15 21.18 20.53 10.46 39.74
15.45 23.84 1.81 1.46 21.60 3.61 17.50 2.687
16.25 17.69 23.32 8.03 712 2.626
17.29 21.76 1.83 1.43 26.58 4.44 48.67 2.720
20.30 1594 1.87 1.62 21.73 12.40 452
20.85 1.84 1.35 29.06 4.95 25.06 2.679
21.08 14.50
21.55 16.07 2.07 1.78
2213 20.19 1.97 1.64
22.56 30.86 1.82 1.39
BH-3
23.14 28.26
23.53 21.05
24.16 29.97 1.88 1.44
24.78 23.11 1.93 1.57
25.07 24.56 1.92 1.54
25.56 18.88
26.14 7.44
26.25 6.68 2.05 1.92
26.78 9.75
27.32 20.86
27.85 25.86 2.03 1.61
28.53 11.21 2.08 1.87
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* 34.71. (A%).

Unit weight .
Water (gf/em®) Grain size Specific
Borehole Depth Depth - - .
No (GL. -m) content dry (GL. -m) passing retained gravity
’ ’ (W, %) wet (yp) (30 ’ through on #10 (Gs)
¥ #200 (%) (%)
BH-3 28.95 17.19 1.99 1.70
17.05 41.29 1.91 1.35 17.27 23.64 4.79 2.7117
18.13 25.80 2.02 1.60 19.60 13.08 6.41 2.733
1857 26.29 1.92 1.52 21.90 9.05 5.43 2.586
19.38 25.60 1.95 1.56 24.65 9.00 18.90 2.609
20.78 22.49 1.98 1.62
21.66 20.38 2.00 1.66
BH-4 22.33 23.84 1.83 1.48
22.70 15.11 1.85 1.60
23.10 23.05 1.90 1.54
23.64 26.14 1.93 1.53
24.21 18.33
24.43 21.57
25.28 11.98
20.25 24.77 28.83 2.646
BH-5 25.50 12.87 26.75 2.680
29.75 2.88 68.96 2.692
10.25 40.02 0 2.659
12.00 20.93 0.35 2.654
18.00 13.93 1.68 2.560
27.25 10.72 7.09 2.648
BH-6
28.50 2.648
32.75 9.00 12.59 2.657
37.50 2.654
39.50 2.639
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(D A8k~ &

AFAdNA FalE FUAAE AoE NDLE AF AQER ¥ 3472
of Yetuldch F=g dixAl FuiAsiAE 2y FHAEE AASHL(2E
3476) Zlolo] M2 WIASF FXE TASI Y 34.7.7)

#3472 TP 3-2 A9 Fstdle] HIAF

BH-1 BH-5 BH-6
Depth (GL-m) Es Depth (GL-m) Es Depth (GL-m) Es
P (kgf/cm®) P (kgf/cm®) P (kgf/cm®)
180 481.20 21.0 1513.10 13.0 385.30
25 359.78 255 1453.30 180 883.80
24.0 459.07 30.0 2397.60 33.0 3478.0
265 704.04 385 17704.0° 405 2419.20
285 779.64
305 395.20
325 1043.76
385 1404.19
435 3512.30
* tested on soft rocks
¥ 34.73. TP 3-3 A9 Fstdje] WA,
BH-2 BH-3 BH-4

Depth (GL-m) Es Depth (GL-m) Es Depth (GL-m) Es

P m (kgf/cm?) P m (kgf/cm®) P m (kgf/cm®)
22.00 311.12 18.00 78.01 20.00 165.94
24.00 1190.25 29.30 2024.02
26.00 639.66
29.00 3718.77
TP 3-2 Aol Y3 AlFF BH-1142] FUAst ol sl 2t4d 8 ¥y

Ads Hx 481.20kgf/cmzo1w A 3512.30kgf/cm’e] o]2%= wj
2 polth TP 3-2 A9 Esg=

7}eHtH(Fig. 3.4.7.6).
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AA el o) A8E AAS 2]
S ¥ 34759 347600 A NEHA ADAY FHAEZ 7 AFTE
= 219 34789 AAsATh

TP 3-2 Ao A= A o] 0~1.10kgf/cm?, #F27Fe 909~12.68°9] ¥ 9=
welth TP 3-3 A Fo| A= FF o] 0~041kgf/em®, 18] np&2He 1670~
2657°°] WS Yt gtk F A9 BE AFFA ] A= wj§
= A3E Hola Atk AX )= HAEHo] Ao FAHHA e AFHRE HoF
71% gt mpEzbe] QlojAk

= AWAE v,

obd el i Eahu] A ko] U@ AFF AGAF At
A eeh A Tk G A9-9 vas) 2y, dE Y] 117 A
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% 3475 TP 3-2 A4

Fsvlel Azen ypeaz

unit: C, kgf/cm?2; o.

degree.
BH-1 BH5 BH-6
Depth Depth Depth
(GL. -m) ¢ ¢ (GL. -m) ¢ ¢ (GL. -m) ¢ ¢
21.50 0.00 1131 19.0 0.23 28.81 10.8 0.21 25.17
34.50 0.75 12.63 26.8 0.93 741 15.2 0.8 9.09
36.50 1.10 9.09 16.8 0.63 9.65
4550 1.02 11.31 20.2 0.72 9.09
22.8 0.53 9.77
26.2 0.28 30.96
28.8 0.23 32.21
37.8 0.50 24.70
3E 3476, TP 3-3 A9 Fse HAExn Febzzh unitt C, kegf/em2; .
degree.
BH-2 BH-3 BH-4
Depth Depth Depth
(GL. ~m) ¢ ¢ (GL. -m) ¢ ¢ (GL. ~m) ¢ ¢
2750 0.33 20.81 1950 0.41 16.70 1750 0.31 16.70
23.50 0.00 26.24 22.00 0.20 11.31
26.50 0.00 26.57
28,50 0.14 24.70
oA F Ate] AN LRAOT AFFHY WY BAD BRHh AA A

F A A A=A FHE 45 ¥ 2 FIE WA Aste] 4
oAl Aol de AT w FHte] vhEely v St 7017
ol =3 we A=A detehs Aok AF dAsdnh ol AA 2]
S ZIlehs Ak & = oglod SelAd dubdor $3EE Fi
Anke] FHA7 &S] EAE Wdss doRE fdEt ddA el ns
Aom gHte] A5 WAl W WA A FuHor EFt A
H7b AA veda 9= Ak ojew EAlE wetE oz Azwn). ue
A sl "Ss Fel Aol AAHA fEebEte i AagrrE e
7He2d el 9l

glel Aol A sty] flsiAs WA Fshd Aol g AlF 7Ee] FFE
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¥ 3477 F3t9 A

Borehole Jithology irll)tzlzxt/l;l Vo Vs " Ga Eq Ky density
No. (m) (m/sec) | (m/sec) (Kgf/em®) | (Kgf/em®) | (Kgf/em®) | (g/cm®)
fillings 0.0-5.8 290 92 0.240 214 609 2,373 19
muddy sand 5.8-75 957 94 0.495 171 512 17,499 1.9
clay 75-16.0 657 230 0.435 1,322 3,763 8,374 19
BH-1 weathered 16.0-23.0 885 332 0.314 2,537 6,206 16,225 2.0
zone 23.0-49.1 1,453 717 0.251 14,150 33,585 39,859 2.2
non-weathered
sone 49.1-51.5 2,096 847 0.402 16,108 45,176 77,087 2.2
fillings 0.0-1.0 24 11 0.377 - - - -
clay 1.0-16.5 465 169 0.394 758 2,042 3,704 19
weathered 16.5-25.0 1,500 631 0.386 8,732 23,922 36,136 2.0
BH-2 zone 25.0-29.2 1,935 915 0.356 18,777 50,922 58,941 2.2
non-weathered
sone 29.2-32 2,124 1,036 0.344 24,073 64,699 69,047 2.2
fillings 0.0-1.6 27 13 0.330 - - - -
clay 1.6-12.0 596 176 0.405 825 2,316 8,295 19
muddy sand 12.0-13.5 406 182 0.375 633 1,755 2,347 19
BH-3 weathered 13.5-25.6 1,089 280 0.453 1,774 5,158 26,932 2.0
zone 25.6-30.1 1,618 673 0.396 14,710 38,254 45,763 2.2
non-weathered
sone 30.1-39.1 1,350 703 0.264 11,986 28,820 25,353 2.2
fillings 0.0-1.0 20 10 0.321 - - - -
clay 1.0-15.0 363 198 0.246 1,042 2,624 2,086 19
muddy sand 15.0-17.0 535 292 0.288 1,650 4,250 3,345 19
BH-4 weathered 17.0-24.0 673 374 0.221 3,007 7,535 6,098 2.0
zone 24.0-25.5 1,047 650 0.187 9,476 22,489 11,962 2.2
non-weathered
sone 25.5-41.6 1,679 849 0.268 17,125 42,467 49,072 2.2
clay 0-18.90 480 208 0.368 873 2,412 3,508 19
weathered
18.9-29.5 1,140 550 0.345 7,926 21,320 23,428 2.2
BH-5 zone
non-weathered
sone 29.5-39.0 1,696 885 0.313 18,708 49,072 43501 2.2
clay 0-9.5 346 164 0.331 585 1,589 1,383 19
BH-6 weathered 9.5-245 601 281 0.362 1,569 4,253 4975 2.0
zone 24.5-44.0 1,159 589 0.325 8,116 21,514 20,603 2.2
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T 3478 AFE wATEAL A,
Section Distance (m) Interval (m) Source borehole | Receive borehole
BH-2~BH-3 2580 20 BH-2 BH-3
BH-3~BH-4 19.10 20 BH-3 BH-4
BH-2~BH-4 17.20 2.0 BH-2 BH-4
2 wele] dal FAH AT BAGEAS] AR B4 LA P



Z7hge ST urh: Poe Z7h&o] T A vt wd, AR =57
o= QAR A L5 BEE wolthh Eahe] HololM= 1 =

et gtk SRAAS BAAATE 4R HAFANE QASA 44
3

¥ 3.4.79. BH-29} BH-3 Alol9o] A&7t e ubeba}l A,

Measuring . .

(gi‘it;) legme (mseo) | (miec) | (m)see) | (ko) | C}Zr}ilmt)y (kg/cinf) (kg/(im) (kgI?sz)
4.0 25.80 42.12 28.56 613 903 0.07 19 7.267E+03 | 6.116E+03 | 2.246E+04
8.0 25.80 45.42 29.56 568 873 0.13 19 6.249E+03 | 6.422E+03 | 2.028E+04
12.0 25.80 46.54 29.56 554 873 0.16 19 5.952E+03 | 6.818E+03 | 2.007E+04
16.0 25.80 44.56 28.54 579 904 0.15 19 6.493E+03 | 7.171E+03 | 2.218E+04
18.0 25.80 44.54 26.45 579 975 0.23 2.0 6.841E+03 | 1.028E+04 | 2.426E+04
20.0 25.80 43.98 25.55 587 1,010 | 0.25 2.0 7.016E+03 | 1.143E+04 | 2.486E+04
22.0 25.80 43.88 24.56 588 1,050 | 0.27 2.0 7.048E+03 | 1.310E+04 | 2.500E+04
24.0 25.80 43.24 23.54 597 1,096 | 0.29 2.0 7.258E+03 | 1.481E+04 | 2.592E+04
26.0 25.80 43.41 2245 594 1,149 | 0.32 2.2 7.922E+03 | 1.906E+04 | 3.061E+04
28.0 25.80 42.25 21.56 611 1,197 | 0.32 2.2 8.363E+03 | 2.096E+04 | 3.189E+04
30.0 25.80 41.52 20.45 621 1,262 | 0.34 2.2 8.659E+03 | 2.415E+04 | 3.532E+04
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3 3.4.7.10. BH-3% BH-4 Afo]9] A3t g oAl 43
Measurin; . . .
éip_t;)g Dl?ﬁl;ce (mseo) | (mitec) | (m)see) | (mdee) | ‘?‘2}2;? <kg/imz> <k§/(inf> (kg%gmz)
40 1910 | 3825 | 2562 | 499 746 | 009 | 19 | 4829E+03 | 4.325E+03 | 1.056E+04
80 1910 | 3841 | 2445 | 497 781 | 016 | 19 | 4789E+03 | 5434E+03 | 1.111E+04
12.0 1910 | 3742 | 2445 | 510 781 | 013 | 19 |5.046E+03 | 5.091E+03 | 1.138E+04
16.0 1910 | 3755 | 2435 | 509 784 | 014 | 20 |5275E+03 | 5.511E+03 | 1.200E+04
180 1910 | 3524 | 2256 | 542 847 | 015 | 20 |5989E+03 | 6.628E+03 | 1.381E+04
20.0 1910 | 3245 | 2145 | 589 890 | 011 | 20 |7.063E+03 | 6.747E+03 | 1.571E+04
22,0 1910 | 3324 | 2063 | 575 926 | 019 | 20 |6731E+03 | 8500E+03 | 1.598E+04
24.0 1910 | 3454 | 1954 | 553 977 | 026 | 20 |6234E+03 | 1.117E+04 | 1.577E+04
26.0 1910 | 3314 | 1845 | 576 | 1035 | 028 | 22 |7.449E+03 | 1.410E+04 | 1.900E+04
28.0 1910 | 3214 | 1854 | 594 | 1030 | 025 | 22 |7.920E+03 | 1.324E+04 | 1.981E+04
30.0 1910 | 3102 | 1744 | 616 | 1,095 | 027 | 22 |8502E+03 | 1.556E+04 | 2.158E+04
30.0 1910 | 3100 | 1766 | 616 | 1082 | 026 | 22 |8513E+03 | 1.488E+04 | 2.145E+04
30.0 1910 | 2924 | 1854 | 653 | 1,030 | 016 | 22 |9569E+03 | 1.104E+04 | 2.227E+04
30.0 1910 | 2955 | 1705 | 646 | 1120 | 025 | 22 |9.369E+03 | 1.565E+04 | 2.343E+04
30.0 1910 | 2900 | 1687 | 659 | 1132 | 024 | 22 |9.728E+03 | 1578E+04 | 2.421E+04
3 34.7.11. BH-2¢} BH-4 Atol ] AlF&3t & aeA A3t
Measwing | pistance s | o vs | vp density | Gd Kd Ed
( GLIim) (m) (m7sec) | (m/dec) (m/sec) | (m/sec) | % (g/cm) (kg/cm) (kg/cm) (kg/cm)
40 1720 | 2524 | 1460 | 681 | 1178 | 025 | 19 |8994E+03 | 1.489E+04 | 2.246E+04
80 1720 | 2643 | 1553 | 651 | 1,08 | 024 | 19 |8203E+03 | 1.282E+04 | 2.028E+04
12.0 1720 | 2655 | 1563 | 648 | 1,000 | 023 | 19 |8129E+03 | 1.262E+04 | 2.007E+04
16.0 1720 | 2545 | 1462 | 676 | 1176 | 025 | 19 |8846E+03 | 1.501E+04 | 2.218E+04
180 1720 | 2544 | 1356 | 676 | 1268 | 030 | 20 |9.319E+03 | 2.038E+04 | 2.426E+04
20.0 1720 | 2511 | 1344 | 685 | 1280 | 030 | 20 |9566E+03 | 2.064E+04 | 2.486E+04
22,0 1720 | 2501 | 1345 | 683 | 1279 | 030 | 20 |9643E+03 | 2.048E+04 | 2.500E+04
24.0 1720 | 2499 | 1225 | 683 | 1404 | 034 | 20 |9.658E+03 | 2.732E+04 | 2.592E+04
26.0 1720 | 2399 | 1215 | 717 | 1416 | 033 | 22 |1.153E+04 | 2.957E+04 | 3.061E+04
28.0 1720 | 2387 | 1086 | 721 | 1584 | 037 | 22 |1.164E+04 | 4.073E+04 | 3.189E+04
30.0 1720 | 2254 | 1076 | 763 | 1599 | 035 | 22 |1.306E+04 | 3.989E+04 | 3.532E+04
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Description
coarse sandy and gravelly, fine to medium sand with minor pebble

sandy, fine to medium sand with very minor pebble and fines
recovered as cores and relict joints exist

greenish and gray colored similar to fresh rocks
greenish and gray colored similar to fresh rocks

brownish colored and severely oxidized

cohesive and wet
clayey, fine-grained

Granitic
gneiss
v,
jue
IO,

Geological class

Banded
gneiss
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]Hb
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3F 34713 F3d E7¢ =94 5A4.

Physical properties

Class Texture i i
Fines Specific gravity| Water content Wet. unit Dry. unit

(©%) (Gs) (©%) weight weight,
’ s ? (kgf/cm®) (kgf/cm”)

Wi clayey > 20 < 262 > 35 < 153 < 1.33
Wu sandy 10~20 2.62~2.70 15~35 1.53~1.99 1.33~1.78
WL gravelly < 10 2.65~2.72 < 15 1.94~2.16 1.78~2.06

EO

o

fllo

G FE Frlete R T3t At AdSTS fhste A

2o 153kgf/em”® MW, WS 1.53~1.99%gf/cm® 28] 3 W&
1.94~2.16kgf/cm®e] WS Wt AXxT9FHS o] ®WT}p o7 e o
A Wpe 1.33kgf/em® vIWE Wye 1.33~1.78kgf/cm® 218]31 Wi 1.78~
2.06kgf/cm’e] WS HlTh FRHAAFTHS A2 T Tl He] Eako] AA
A FHE YeRdh

|

AT S3t Aert FldFs FUkeke AEs Heolw O SUHEE v
At} Wys 150kgf/cm® #lako]l® Wye 150~600kgf/cm’, 183 W= 600~
3700kgf/cm® S 24 1 W7 W with FHAGA P o FRAHS WyE
0.13kgf/cm” wl¥kol® Wye 0.13~0.27kgf/cm’, 28] W& 0.27~3.4kgf/cm’
o] HAE HIY w7 Wy 22° wgholy Wy 22~30°, 1831 Wi
30° o] o] WelE Hth
ANFE B R 9% Pl X, Wis 200~400m/s ] Rke] ™ Wy
400~900m/s, 223 Wi 900~1600m/se] WS Hlth Su £xiE Wye
100~200m/s mWFel ™ WyS 200~450m/s, 183 Wi 450~800m/se] H ¢
ZA Pat &xo vlE) A 1/2 x| #E zheth
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# 34714, 3 L5k A 54,

Mechanical properties
Class st _ _

Young’s modulus Cohesion Friction P wave S wave

(kef/cm?) (kef/cm?) Angle velocity velocity

& & (°) (m/sec) (m/sec)
Wu < 150 < 0.13 < 22 200~400 100~200
Wwu 150~600 0.13~0.27 22~30 400~900 200~450
Wi 600~ 3700 0.27~0.34 > 30 900~ 1600 400~800
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ENEE 2 A 48
AAGAE |- ARE, A%, NEZAAE
]\:l ]' ¥] 3 =, ]EJ— ] }‘ ]’ ]:Hiﬂ&l] Z]till— ?L/KE’] E}‘O_];
B AL |- 2EY BT @At
A& et s A ZNAA, AAA, 9 x) 2| %] Zo] H| A
HAZEHD)| A2 - 5HE BYAH &2(10~20m) 4ol
Wy A Su
AF o8, A4 SPT 3%
H]ﬂﬂ [e)KeXN R A =
Alg-dl s A AFT EAF FFOIAlE A9 wlAl ALo Tl e S
]’T’:o o1, O T T Jd'}:l]u,——T]]\l“l ]’T’:o %—7&—%0] %i_% %E
91 912 1] & * SPT, M (A F ) Zlolof H-3}
2 ) %] o Y=g Z0] 20~30maA A
S ERd A A
o I 0]l =0l AL=Ool= =T R
agag | BEEE AEES Hed HEG Ced
(BRAARI AHE G5 et
_ _ s
oo | BACGHED = A9
" s fl WA AL
s g Aqu (A= AE EAA " o]l&
cuday | agaay ol —ANNHTER) 39, B4 W ol 8
e A A s Al Zlo] 10m A=l 2 &
b O)Z=0F= AL=0l=
Al A &) 2 ", U HTm \l\l 2= % AR =S N
SIE | medat A9e 99 T el
FAHEOIAA, AR, 92
AR o FAE BAAE NeF 2 o] &
Larer a1 s 29 A
=] & AL % ] ]
U] asmae [oSPT EdAME Aol AFF Aol
CUETE o gwasa g, G g %9l
AU A E s GEAY, AU ARE AZ
3 A Wil e o AT E o] J1A
TR 949 |- T AuE, SPT, £33 w4514 F = o 8
= = y y T A O
A% g |- 2T e #o] o3
A st BN aE U
S o LT T /TS o
s om g AHAE |- EE, R, A EeAd Agol 3
281 49] gl @9
a QA1 ok~ A3 B
%54 O e Ml : 2 7 e 24
R REAE, RS o] 4

2. GALEE BAAIE(TCPT)

L71%2] AAH Ao 9JojA Seidel & Collingwood (2001), Rowe &

Armitage (1987), Kulhawy & Phoon (1993), Hassan & O’Neill (1997), 12|11

O'Neill & Reese (1999) ¢ dA7A=L 2 7=

MRS Sl dolv IGME] A5 A5 = (e ol &ttt Fd e 9

7F 7bestd dEdsdE So A= 54 deto] sbeettt ey, Sl F3
=

A ure] A zole] F47t Axetm =olvh saEUuE dol7t B AlY

5N
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= Tt FRA XotEE o] & Al Wete] Bad AA ot

tolvp IGME] Z%e 54 Fotd 71 A tiA AU oRE dA "HAars
T2 [Texas Department of Transportation (TxDOT)]JlM = A2 7% F+%
E AAJNAREA AHE S "HARE F A9 AlF [Texas Cone Penetrometer

Test (TCPT)IE A A8 AHTXDOT, 2000 ; Ha4 &, 2004).

A oEs 2 B AE

A BAl: ZT2aroA 2 U Ex FRE AAIREA ALE Tl HALA 2
T Al MexEE a9 35219 YEUAT. o] dHAlA 2 Q] AlFe A
Y= "dAbA 2 33 A4 [Texas Cone Penetrometer Resistance (TCPR)]Z Ak

¥ =d, 29 3521049 2ol A% 76mmet 60% ZtEe] 2" Fo] NE&=
of Foll F-2tEo] A|F3o] upge] A Fof, N2= Avto] HXE 0.76kN
o] S o] gate] 610mme] etz 1001 EFAE W Fo BYolz
EFHTHTXDOT, 1995). olw, €At~ & Q) A @ ety x = Ed FY Al
A3 frAbsioh ol e gk HAbA 2o A wFol], ol A&AldE EE Y A
o] A~xg AFAZY Hrp BAlA 2 3Y AFo] ¥ AIE oA 1

Al E2 a9 AlHA (TxDOT, 200000 YelY e #Abxs 2 39 Ag 3
F #Y NP ANES AAENAY ARAAE e 2o

5

Nrcer = 1.5 Ngpr (A E) (35.2.1)
Nrcpr = 2.0 Nspr (AHEE) (35.2.2)

o714, ARFEARARE Bty ZHge] 2 At A= FF @9 AP A8 #

Zow ato] ARAL AN A %,
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Driven by 0.76 kN weight

dropped 0.61 m using
a safety hammer Hammer

0.61m

N Rod

Nominal 102 mm
Diameter borehole

Diameter = 76 mm
60-degree-apex,
heat-treated steel cone Not to Scale

19 3521 9Abs Z B AlFY] Henw

.

Al 2 BY AT dSESHEY A48 34

a9 35220 "HA: & #Y AFet A5 4F AR (@) AHRaAE &
o] FFol wet ZASAY 2o B A5 FFHE A Al X (SH45, GTE
¢} Dallas)e] @de] Fr7rE A=, YAatx 2o A AFH ANFHEE o]
S3to] Al 2 B9 AFe 4=

a9 35220 TAEY dE AH #AAE ol wet FAHoew gdstd o
o 2.

oo

15 — =
® Rowlett Creek (Limestone) m SH 45 (Limestone)
- ® Denton Tap (Cemented Shake) a Bek Line (Cemented Shale)
® SH 45 (Cemented Shak) < Lone Star Park (Cemented Shalc)
3 m " ® GTE (Cemented Shale) ® Dallas Arcas
. o Denton Tap (Uncemented Shale) * Hampton Road (Uncemented Shale)
- 4 Belt Line (Uncemented Shale) O SH 45 (Uncemented Shale)
- . o Lone Star Park (Uncemented Shale) > GTE (Uncemented Shale)
+ Thallac Arsac
10 - Limestone with Carbonaceous Cementation
']
_ / gu (MPa) = 11.45 [TCPR (mm)]""
£ .
2 8 m . Chy shale with Carbonate Cementation
5 .
S a e g (MPa)= 6.33 [TCPR (mm)] "’
5 Uncemented Clay Shale with
Qccasional Sandstone Seams
¢ (MPa) = 7.50 [TCPR (mm)]**
3 l
X
- 4 2
=
. +

0 25 0 75 100 125 150 175 200 225 250 275 300 325 350

Texas Cone Penetration Resistance (TCPR) (mm / 100 Blows)

18 3522 BAbA 2 79 A 4o A 3 A (g AuT

- 117 -



a.,(MPa) =7.50x TCPR(mm) " (AAHNE= A )

q.,(MPa) = 6.33x TCPR(mm) "' (AHIEHE= A

a.,(MPa) = 11.45%x TCPR(mm) """ (A 3] ¢

o71H o e
ol (mmje|th. 18] il
o] 7] Cavusoglu et al. (2004l ©]sto] &5

kPao] a1
AAWME = (Uncemented) A2}
AT
o "HALS & o] 43 TEI| XY AA

D gt 4

Al (TxDOT, 2000)°l A<=%o i

1
W2 o 2 300mm / 100blows ©]38le] whekdk xuko]i} ofoj

owmz ¥ 35238 F2 Y
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TCPRe] @1+ 100 o E}A S tjgh o] ¥
Al HlE] =

(3.5.2.3)
(3.5.2.4)
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o]
H

e
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(Cemented) A<



=31

- Allowable Friction Copocity per Unit Area IF.S

%
F

K 2

* . .
WNo soil reduction

factor required.
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rlic

300

250

200

300

200

100

a0

3000

2500

LN UL (42 =

"5 04l

=
=3
I

2000

poeT Bulupag 4ulod ubisag -

=]
=]
=}

d

500

MillTmeTers/100 Blows (THD Cone Penefromefter Tesf)

1% 3523 TxDOT¥]

)
=

1
R

A bgsl APA] o A

g3 TxDOT

(75mm/100blows) ol | %] & o

IEEERSESE

ot

o ool

o]
L

o

o

el

2) Guk EAL Ay

TxDOT A §k&

o
e

o A7)
AR

TC
‘:li"

ul
=

e Grls 2ol Ank Bl A x|

olo

i
-

o
)
HJ

AaL

g A o

w3

AA (TxDOT, 2000)°l

3}
of

| CH, CL, SC, 123 7]gke] v 7}

93]

ki3

o] mZ o7 ol 91 o= ¥ 35223

)

o

e},

=
=

1% 3524(a)¢ (b)

7}

Ae 7

A

SRR
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)

Agerdiese) AAdAE AF A Az @ Awe weg mesl
of Ak gz AS)7H AEHL ol Habs 2 #g) A%

100blows ©|3te] A urel Awk mefs)a, 7 gre ATuEel ueh 0.
Agsed QuA AFeATEY A4S 07

oA 15mit WE AN Funkdee gulel wate Ayl w5

F 3521 HARE & 3 AFE ol &3 TE A ARSEE AW F

TCP Data Soil Group Catergories

Category Soil

CH High plasticity clays, LL>50

CL Low plasticity clays and silt clay mixtures, LL<50

SC Sand-Clay mixtures

Other All other soil and rocks

o Stross o b Shesr Stromgth of Soil Tn KN

N - Blowa/300mm (THD Cone Pemetrometer Test)

(a) Fwinze
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-2 In Eaew?

Pe - Desfgn Polnt Seorlng Lood iF.5.

M - Blows/300mn (THD Cone Fenafrometer Teatd

(b) At A4

19 3524 Ank Akel] I]lEl wEe AAER

718 AAERES B HHoE HA (200609 ATl A EAAZ A YA
A(TCPT)E ol &3 IGMell ¥ Hea7]e Aldese] 37149 A4 et
oA o] TCPTROl W3 finax®t dmac®l 7

i
)
=
i
o
of
ob
£
=
Hl
=
>,
l >
ﬁ
18

A 200600 Arddt @8 GAs F O RRew AAAECNMS] ¢ = Aet
A@Asteg sdgrteks Adgs deldo aed, o Aeels
TCPTR7| 2 & 80mm/100Et1Hch 2he WA= dPHAXET}L AstA P

ABEvr dopgrists A4S BHolil, 80mm/100EtrFE Tt SH A=
AAZEZL AAE Adret fAaBrtete He Ao s YR

rﬁL
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20 )T T T T T T T T T T T T

Nonlinear Relationship HT
/ f =4110TCP™
max

DT

RC

Montopolis

Dallas

Irving

Nonlinear Relationship
= = Current TxDOT Design| -

+ X emH D> O

(MPa)

f
max

-~ -
_— e e e —————

O'O\\\\\\\\\\\\\\\\\\\\\\\\\ P I E R
0 50 100 150 200 250 300 350

TCPR (mm / 100blows)

(a) fmax - TCPTR #AFA

12
I HT

L DT J
10 ' |.&— Nonlinear Relationship RC i
q,, =122.83TCP " '\D";?;;’F’O"S

8 Nonlinear Relationship
r — — Current TxDOT Design ||

XeoemRD»eo

(MPa)

qmax

0 50 100 150 200 250 300 350

TCPR (mm/100 blows)

(b) gmax - TCPTR A&7

llaj 35.25 U]% Eil/‘}'-}—\"?" x]gﬂoﬂﬁgl TCP’I‘ROﬂ ﬂ]@' fmaqu' Clmaxgl }?3]’7_?_74]
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o] BAARN AAt ATe Aste] =wull TEH7| = AA = AlEol
b 2 AALEHAAN FE 27 AATHoR HEHL, HE A

& ANtzEARRE T3 RIS AAVE a4HE AFelt uebs, F3t

HAbE AAA(TCPT) Aol wel sjoll A TCPTE 38 49 7=
SPTHH A s S wA|eto] A& Fadskofof s, AT AukzAlL A A
oM Eel s FHlek v wA R Qete] AgE o] AstE # ofye} 3
o wAA] MER §es SASolof stuE FUHA]] Hlgo] Had 3l
utebA, TCPTAA AME¥ = A U|Aet SPT| Bl & HluLs)
ol W, BtANUAE T3kl Aste] 4 (353.1)& &35

EFAYAI(N - m) = i FAIN) x Hst=ol(m) x B4 3l+=(N) (353.1)

SPTE = 0.62kN[W] x 0.76m[H] = 0.47kN - m (3.5.3.2)

TCPTE = 0.76kN[W] x 0.61m[H] = 0.46kN - m (35.3.3)

o17]4, SPTE = SPT¢ YA olY=| (kN - m)
TCPTE = TCPT®] $1Ael =] (kN - m)

SPT2 EFA YA 7} 001kN - mAE =ZA vElg ot TCPT ey x|o oF

2060] B Ful SPT AR S Agatel F3e Aow dused
mepa, el AAe gebslel o] Wel wa® SPTAEZHE olgdw,

- 123 -



< 3}t

b, 9] o)

]

A

o)
o
°
)
o
B

of #ie] &0

o}
=

7F & =g

L
a

st e,

eX
=

(2007-20765)

o
wjr

Nfo
do

o
N
3
il

D gAZe A
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EE g AlgEH] Al
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LishEo] + 76om

79 3532 A5=4 AxH
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4.

Eal

£

A d

7F. A HrEAL 8

(1) 7he e

24} %

3

EogAoA tddia 3% AHbRANIE 354.1)= & 3MABH-1-1 ~
BH-1-3)d A AAlgtA o 37/MAas Al eS| 5m e A8 s
ZFa il A& A Al AAE Ad2AA G (BH-9) = 338 o4k <
A, 2001).
¥ 3541 719 uia A 2 urzA} 9 X
AN AT 4% Zhdgal p2-3
# %
ANFLE | AF¥ ¥ 1ZH(m) ZAL = ZAFA 7]
X Y
BH-1-1 | 1852854 | 175639.5 2.0 SPT 2005. 10
W TCPT
BH-1-2 | 1852895 | 175639.4 2.0 2005. 10
(H = 76cm,38cm)
GTP1 .
BH-1-3 | 1852895 | 175635.4 2.0 o Z=ZHJAIE | 2005. 10.
SPT,
BH-9 | 185302.0 | 175647.5 -1.75 2000. 10
BudA g AFH
EEIET =
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o] -]

A 4:(2006) ©ll A

K|

F(E 354.2)&
SPT, W3 TCPT(H=114cm), A EAA(H WG d =

12 AWrEAHBH-1 ~

=44 E

BH-4)° A =

) ol
o, 22 AMZAHTBH-1 ~ TBH-3)& S<dFdA A&
TP TEASAFY] AdE G857
PMTS AAlstdth =3 PTH-2, 4, 7, 82 <l

AtA A (FAH A7 EA T4, 200608 AvrEAL R85 FEs3h

33542 YN HEER AF
SRRl
NgRE | ART o+ ENE e ENE
X Y
SPT,
ITP3-2 | BH-1 | 167604380 | 434144414 2006. 11.
WY TCPT(H=114cm)
SPT,
BH-2 168481.538 | 433946.850 2006. 11.
ITP3-3 E‘iﬁéTCPT(H:llélcm)
BH-3 168459.337 | 433928.438 | SPT, &3t A543 2006
BH-4 168464.325 | 433946.915 | SPT, A13F Al &A1) 2006
PTH-2 167526.039 | 434168.031 SPT, PMT, PLT 2005
ITP1 TBH-1 DCPT 2007
PTH-8 168492529 | 433934.230 SPT, PMT, PLT 2005
TPz TBH-3 DCPT, PMT 2007
ITP3 PTH-7 168444.686 | 433956.040 SPT, PMT, PLT 2005
PTH-4 167611.762 | 434131.575 SPT, PMT, PLT 2005
ITP4 TBH-2 DCPT 2007

[ ] epa=a)
O durlzaza
A 3a=g)
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Q) o3z 9%
w AFGE 3543004 Al 9 AAA AAE AREEALR A (A S
434}, 2007 ; HYALGFA 8] A}, 2005)9] A F R E(BBC-5, BB-5-1)% 15t
A FIETO] A2 7ol diske] AlgEs fAAE AdAste] ANtRALE
A A8 AT
of dAlM= F 3/ AdEEFC] AFEHAH, BARUYZY s 40°
50°, 60°% WEAA TBH-1(40°, 60°), TBH-2(50°, 60°), TBH-3(40°, 50°)°l
217 DCPTS 4 5tach.
F 3543 o593 ER FAe] AzAlL 914
o1 5]
R 4 = Th2 4 B o
Zjol - o - 7
we | X Y | @GLm)
TBH-1 DCPT(60°,40°), PMT | 2007. 5.
YTP1 | BBC-5 | 137296.229 | 268423.261 2007. 3.
BB-5-1 2.9 SPT 2005. 3.
YTP2 | TBH-2 DCPT(60°,50°) 2007. 5.
YTP3 TBIE—B DCPT(50°,40°) 2007. 5.

il

NTPI(TBH -1

PP N 1‘ (BB—5_#fFe- éx§é§§

Y TP3(TBH-3)

=

) A B 8%
" F W
YTP2 TBH 2) =
F&B /=1

BB o= % BB

\\
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w @S AA Al A EARE S (FAEE S AL 200D st A2 HE, A

4 AE, 2Ad A, FI, dgen pAH] glort wEe] AF A A
Fo Rxe e, HEQ AR 2id A2, FHE FgoR RIPL &

AstAeh. AlAEEAE Al ElE ASEEP2-3-Dot A Al ARbEARAR

(BH-9), 1gjar AldEse] Alg 5 AA" AutzAbd (el 7]z, 2005)00 A

tha zpo]E wAE = o 19 354190 AZEZE e
BH—S
WA A
EL.—1.700 P2—3-1 BH-1-1, BH-1-2, BH-1-3

AR @A s
{2005.10.)

EL = 2.000

B=
HELHE
ss.200
HEEHHE
5E6.800
55.40 EL:—53.125 -
= 35 AMOEHEEE
2 85,100
ZelEntd g ST o MUUEEE
86.2 it 72.100 S arg
e g 67995
' Eo- F8.500
=zhef # EL-—75.888
Z EL—7E2.588
=z st
70.60 F4
o1 of 21.60 4

% 3541 79 rial @ ASEEE

A ANFLES Agstr] fste] & AFdAldA g AntzALd
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(1Y 3542a)E EAsHE=d BH-1dAE Z39(F3E: Tm, Z3¢h
26m)e] F77F ¢ 33m, BH-2, 3, 494 & E3)(F3E 7~12.1m, Z3}9t

15~45m)e] FA7F ¢ 85~166me & Erwtth 1efA, BH-10 39k &7
NHALES g o, BH-20] F3E AA AHADES A3t
a8, AU HEEZ dAoA Ay ZALE AWrRAAI (AN AV E
A4, 200602 18 354.2(b)ol e AT
o=
BH-4
¥
10
e
IE.D:J:/;?:
170 i
240!
25.5

WY E
Fz aes
Vi seueMs
B 2o E
EEl 2ot
e o

416

(@) Q73A AetzAHE ) A] A4, 2006)
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rymparag
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ol oJsll FAE oA EESAHR0.78)= AHEstlen, o]elo RAGAGFE A
g 2 49ane nadel 489 nANAS Gt TERYANA 2
HAANRE % 354500 YERAAT
# 3545 AMFE 74 T ZEddAEAS 2 »AgAR (2F9:3]/em)
A8 = Can qE= 3 &3t ks
S| HEARYE| HEARHE] o | 2o | @ o
| 1430 . 8/30 . 38/30 | 20023 |
_ ~19/30 ~29/30 ~121/30 | ~200/7
o 12/30 6/30 23/30 | 117/30
3 4/30 . _
~19/30 ~19/30 ~69/30 | ~345/30
o i . 6/31 . 41/30 i
_ 9574 ~13/30 ~200/28 | 20012
7/30 28/30 i
N ~12/30 ~120/30 | %230
0/15%~5/3
a9=4| 430 . 0 6/30 2030 | W -
~11/30
B CEEE)
oA 4/30 . ~ 5/30 16/30 | W -
4/30~11/30
A . n 31/30% n u -
w4 - . m 22/30 u m -
| 430 o | s | om0 | aom |
BEST) 1930 ~31/30% | ~200/28 | ~200/7
_ ~29/30
A
u m| Y - @ERAD | 5 16/30 | 17/30 |
~19/30 Y190 2230 | ~120/30 | ~345/30
S HAN, s AR e AvATeR d Bl
Mo W AT ARAAE A% SPT v AA
A SPT A& A7, BAAL 0 N-Fo] 3 ostdl A5
(3) o3 ==
2 Aol A= 71E ANERASIA(BBC-54 TBH-1 AlFE& AAlsta o] 944
oA w4 5m AgelA TBH-29 TBH-3 A|F& 3tk wehr, 7] Aukz
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53 (TBH-1, TBH-2, TBH-3)°lAl& AF& &1st7] ¢
ashatel AMstglnd 24 AFFEE S 3L, FoEs) 3
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EFBAAE A2 F 354600 YJERR AT
¥ 3546 NFE 2 =4 EFAIAI A9 (T9):3)/en)
2] & . x= Z 3ty 7] ukek
= E3E E3hot A g
BB-5-1 4/30 ~ 8/30 13/30~50/15 | 50/13~50/5
BBC-5 6/30 11/3~5025 50/12~50/2
BB-5 5/30 3/30 23/30~50/3
TBH-1 1/30 8/30 13/30 50/14~50/6
TBH-2 1/30 3/30~11/30 50/10~50/5
14/30,
TBH-3 4/30 2/30~6/30 50/14~50/10 50/6
g =58 ZFYAIDCPT) 23
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A

(1) 7Hgda s 44
BH-1-2 AlF&° SPT, WTCPT(A type), 183 WHTCPTB type)E
45mtA o r 3o, O AnE ¥ 35489 I 354.400 e
Y 3544904 ElA g7l B B typeel WE TCPTY ElA3S7F SPT9 A
type Bth A7t ZoAsE A yEtgton, Wy TCPT A type¢t SPTE

N g2 B3k Fd<= HeErin.

-

¥ 3548 HITCPT ¥ SPT Hl

A type B type
A5 SPT HETCPT HYTCPT
= (76cm 3™ 33}) (38cm 3™ 3}
Depth(m) N-value Depth(m) N-value Depth(m) N-value
9.0 2/30 10.5 2/30 12.0 2/30
135 2/30 15.0 2/30 165 4/30
18.0 3/30 195 4/30 21.0 5/30
225 2/30 24.0 4/30 255 6/30
27.0 5/30 285 6/30 30.0 12/30
1ES 31.5 5/30 33.0 7/30 34.5 13/30
36.0 6/30 375 5/30 39.0 7/30
40.5 7/30 42.0 6/30 435 10/30
45.0 9/30 46.5 7/30 48.0 17/30
495 8/30 51.0 10/30 525 18/30
54.0 9/30 55.5 13/30 57.0 33/30
=
RE 585 12/30 60.0 17/30 615 50/5
N blow/300mm
0 10 20 30 40 50
0 1 1 1 1 1 1 1 1 1
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——H" TCPT (A) 7.0m|
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FTCPT(C type)®t DCPTE A Alak3itt.
BH-1 AlF39¢] 7.0~31.0m %3 BH-2 AlF39 20~245m Tkl A4 £+

HAAD F AFNA sHAIZRHIANTE S A ow dAsiden, Adddes £
3549 ~ 3 354.10¥% #ow, 717l 3545 ~ 19 3546°0 AFAI}E v}

3 3549 22d = WHTCPT(C type)
&)

(a) BH-1 : SPT % ®W&TCPT H| 1

C type
g EEHUA Y W3y TCPT
& ©°
(i estEol ¢ 114cm)
N = N-# N = N-#t
Aed 60 11/33 0 5/31
ne = : (3/18. 8/15) : (2/16, 3/15)
<0 16/30 00 11/30
: 8/15. 8/15) : (5/15. 6/15)
8/30 7/30
S 100 (3/15, 5/15) 1.0 (3/15, 4/15)
Hee 120 15/30 130 19/30
: 6/15. 9/15) : &/15, 11/15)
20/30~ 5.7 3 3 23/30
140 (10/15, 19/15) 150 (17/15, 11/15)
45/30 30/30
160 (29/15. 16/15) 170 (10/15, 20/15)
38/30
5 166 (17/30. 21/30)
© 185 121/30 915 90/45
: (35/15, 86/15) : (44/15, 46/30)
104/30
219 (5/15. 69/15)
200/20 200/23
23.2 (90/15, 110/5) 23.0 (81/14. 119/8)
215 200/9 %5 200/14
200/23 200/32
Z5}9 270 (100/15, 100/8) 215 (100/21.100/11)
200/9 200/13
290 (100/5, 100/4) 295 (100/8, 100/5)
200/7 200/9
315 (100/4, 100/3) 310 (100/6, 100/3)
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(b) BH-2 : SPT % ¥ TCPT #®lu

C type
2| =w R e PN W& TCPT
Fl
° (a0l : 114cm)
A= N-zt A= N-zk
6/31 9/30
10 (2/15, 4/16) 20 (4/15, 5/15)
20 11/30 0 32/30
' (5/15. 6/15) : (17/15, 15/15)
7/30 7/31
50 (3/15, 4/15) 6.0 (3/15. 4/16)
0 7/31 20 21/30
- : (3/16, 4/15) : (10/15, 11/15)
v 9.0 13/30 10.0 10/32
: 6/15. 7/15) : (5/16. 5/16)
12/31 13/30
11.0 (5/15. 7/16) 120 (5/15. 8/15)
11/31 14/30
13.0 (5/16. 6/15) 14.0 8/15. 6/15)
10/31 20/30
150 (4/15. 6/16) 16.0 (12/15, 8/15)
41/30 40/30
17.0 (19/15. 22/15) 180 (19/15, 21/15)
200/44 200/26
o 210 (100/25, 100/19) 205 (100/17, 100/9)
250 200/28 o5 200/33
: (100/20. 100/8) : (100/20. 100/13)
200/12 200/12
250 (100/9, 100/3) 245 (100/8, 100/4)
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3 35410 3xd %= DCPT 23
(a) TBH-1 : SPT % DCPT H]iL

TP1
A% PTH-2 TBH - 1

(m) - o o #*A bk L B

ASTE | HAAT (cm) 15 15 15 HART )

15 16 30.0

3.0 : 40 30.0

5 | MEE 24 300

6.0 22 30.0

75 2 30.0

9.0 4 30.0 2 3 2 5 30
105 12 30.0 4 4 5 9 30
120 | g 13 30.0 5 5 5 10 30
135 15 30.0 6 7 9 16 30
15.0 9 30.0 2 2 3 5 30
165 13 30.0 2 3 4 7 30
18.0 100 17.0

195 100 8.0 50/9 50/3 50/2 100 12
21.0 100 70 50/3 50/2 50/1 100 10
25 50/6 50/13 50/12 100 18
24.0 100 6.0

25.5 =3 100 4.0 50/6 50/2.5 50/1.5 100 85
27.0 100 7.0 50/5 50/2 50/1 100 7
285 100 6.0 50/5 50/2 50/2 100 7
30.0 100 6.0 50/3 50/03 | 50/0.2 100 33
315 100 6.0 50/3 50/02 | 50/0.1 100 32
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(b) TBH-2 : SPT % DCPT ¥l

TP4
N PTH-4 TBH - 2
M) | ganw | gage | 29F iias gase | TO¥
ST A ) 15 15 15 a% (cm)
15 15 30
30 16 30
15 | M= 13 30
6.0 4 30
75 16 30 3 1 1 2 30
9.0 13 30 5 6 6 12 30
105 14 30 4 4 4 ) 30
120 | 4% 16 30 3 4 4 8 30
135 14 30 7 13 23 36 30
15.0 20 30 6 6 7 13 30
165 100 23 5 8 8 16 30
180 100 25 27 50/11 50/12 77 2%
195 | wge 100 24 50/11 50/6 50/5 100 17
200 | © 89 30 50/12 50/7 50/5 100 19
225 100 o1 50/11 50/5 50/4 100 16
24.0 100 17 50/8 50/4 50/3 100 12
%55 100 11 50/7 50/3 50/3 100 10
27.0 100 16
285 100 3 42 50/12 50/7 92 27
30.0 100 16 50/6 50/3 50/2 100 9
315 100 17 50/7 50/15 50/1 100 85
33.0 50/5 50/1 50/1 100 6
335 100 16
315 | =z 50/6 50/2 50/1 100 8
35.0 100 8
36.0 100 12 50/9 50/2 50/1 100 11
375 50/4 50/1 50/1 100 5
380 100 9
39.0 50/4 50/1 50/1 100 5
395 100 7
405 50/3 50/1 50/1 100 4
42.0 100 3 50/3 50/0.5 50/0.2 100 35
45.0 100 4
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(c) TBH-3 : SPT % DCPT H|iL

TP2
. PTH-8 TBH - 3
R | B R | B

AT HART () 15 15 15 | FPET ] (e

15 4 30
3.0 6 30
45 13 30 4 4 7 11 30
6.0 7 30 3 3 4 7 30
75 9 30 3 2 3 5 30
9.0 A 10 30 3 5 6 11 30
10.5 9 30 3 4 6 10 30
12.0 8 30 3 3 3 6 30
135 6 30 3 4 5 9 30
15.0 6 30 4 5 5 10 30
16.5 6 30 4 4 5 9 30
18.0 28 30 4 4 5 9 30
195 21 30 5 6 7 13 30
21.0 23 30 5 7 7 14 30
25 | *T3E 25 30 7 12 19 31 30
240 26 30 32 50/12 | 50/8 100 20
255 100 26 19 50/13 | 50/9 100 22
210 100 17 39 50/11 | 50/6 100 17
285 | wga 100 18 35 50/9 50/5 100 14
300 [ 7 100 6 50/35 | 50/2 50/2 100 4
315 50/3 50/1 50/1 100 2
330 50/4 | 50/15 | 50/1 100 25
335
345 502 | 50/02 | 50/0.2 100 0.4
350
360 ag
375
38.0
39.0
395
405
42.0 e
45.0
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@A E Agatua = DCPTE Fdadth 5, SPT Al &jn
(63.5kgf)ek 3t ol(76cm)E o] §38te] DCPTE & 4ith,

72} AFFol BAEe g 9ste] DCPTE +d8t7] st Im 4o
A@uolEE FHustel, & el AFFAM Ak 207 o dolHE FustE
s 39

TBH-1 ,TBH-2, TBH-3¢1A] SPTE wad AEE AHste] (=& Felstr
st HHo2 FPEgomn H YA SPTAI= 7|E A HEEAE 3H(BBC-5,
BB-5-1)& &&3=% 319t}

SPT¢} DCPTe| A#&E % 354.11¢] Ve AT

_

¥ 35411 SPT ¥ DCPT
(a) SPT A=

= BBC-5 BB-5-1 TBH-1 TBH-2 TBH-3
(m) g4 | 4% | gA | #UdF | EgH #AF | g4 | BYF | BgH4A | BYF
3 (cm) 3 (cm) 3 (cm) 3 (cm) 3¢ (cm)
1 1 30 1 30 4 30
1.5 6 30
2 8 30 3 30 2 30
3 11 30 12 30 13 30 11 30 6 30
4 14 30
45 12 30 15 30
5
6 17 30 17 30
75 25 30 34 30
9 45 30 25 30
105 50 23 39 30
12 50 25 50 25
135 50 12 50 28
15 50 7 50 26
16.5 50 10 50 26
18 50 12 50 24
195 50 12 50 16
21 50 7 50 13 50 12
22 50 6 50 10
22.5 50 2 50 9
23.0 50 14 50 10 50 6
24.0 50 8 50 8
25.0 50 6 50 5
255 50 5
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(b) DCPT A%

TBH-1 TBH-2 TBH-3

e =7t 4 Zem) =% 4 = em) =% 4 = em)

(m) (deg) 15 15 15 (deg) 15 15 15 (deg) 15 15 15

35 60 5 6 4

4.0 50 3 4 3

5.0 40 9 11 12 40 3 3 4

6.0 60 6 6 15 60 5 4 5 40 5 5 5

7.0 40 12 21 9 50 5 50/27 50 1 1 3

8.0 60 9 10 11 60 10 10 7 40 2 2 2

9.0 40 19 21 25 50 50/9 | 50/9 41 50 5 11 9
10.0 60 13 19 14 40 11 20 21
11.0| 40 15 50/29 50 22 50/23 50 7 11 14
12.0| 60 50/75 | 50/2 50/3 60 12 15 17 40 7 19 21
13.0] 40 50/15 28 30 50 22 50/29 20 8 13 31
14.0| 40 35 50/15 60 11 15 20 40 16 50/23

15.0| 60 29 50/13 50 50/4 | 50/2 | 50/10 50 15 50/26

16.0| 40 28 50/14 60 50/9 | 50/10 | 50/10 40 7 11 20
17.0| 60 22 50/25 50 19 50/15 50 10 50/19

18.0| 40 31 50/11 60 50/13 | 50/9 50/8 40 38 50/13

19.0| 60 33 50/10 50 20 50/15 50 50/11 | 50/7 50/5
20.0] 40 50/15 | 50/6 60 50/15 | 50/9 40 50/12 | 50/5 50/2
21.0] 60 50/10 | 50/3.5| 50/15 50 50/11 | 50/5.5 | 50/4 50 50/11 | 50/3.5 | 50/2
22.0 60 50/8 | 50/35 | 50/2 40 50/10 | 50/3.5 | 50/1
23.0 50 50/6 | 50/2 50/2 50 50/6 | 50/1.5 | 50/3.5
24.0| 40 |50/125| 50/5 | 50/1.5 60 50/6.5 | 50/3.5 | 50/1.5 40 50/2.5 | 50/1.5 | 50/1
25.0 50 50/6.5 | 50/1.5 | 50/1 50 50/2 | 50/1 50/1
26.0 60 50/8 | 50/1 50/1 40 50/2 | 50/1 50/1
27.0 50 50/2 | 50/1 50/1 50 50/3 | 50/1 50/1
28.0 60 50/2 | 50/1 50/1 40 50/2 | 50/1 50/1
29.0 50 50/2 | 50/1 50/1
ot W Aere SAAH

(D 7 s %

o]l:

o
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BIHL1 SPT SPT sample SPT . SPT sample SPT sample core
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sample sample sample | Triple core
BH-4 - . u/D SPT Triple core | Triple core | core
sample sample
- R T

Aze] AARE WdS3 FsE, FsEs EsgdA SPT ARg A5
3, Eserold] Ak Fatel A @olE: AAe AT
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AL AW EAAE R 98 49

(1) 7Fe i s a4
S =] = = = = -
2 A ARPRALR A (FAE A A 20018 FERske], AUELAE 2 o
StAlg o] A3E # 354.1690 2.9F5FA T}
— - _ _ _
3# 35416 AH=8AE 2 A E 2
PROPERTIES GRAIN SIZE
Unit PROPORTINO MAX | 60%D | 10% | COEFF .
Borhole | Depth C\(’ﬁ;rt weight (gfiem?) (%) DAIME|AIMET | DAIME | OF P:;?:OE/&T
No. (GL-m) ' Gs TER | ER | TER |UNIFOR
Wy SAN PASSING
(%) wet dry GRA D SILT | CLAY | Dwmax Deo D1o MITY %)
VER (mm) | (mm) | (mm) Cu
BH-9 | 5.3-6.0 69.73 | 1.559 [ 0.917 | 2721 | 0 |2.37|62.13| 35,5 | 0.84 | 0.025 | 0.0005| 50 50
BH-9 |17.3-180| 6897 |1.557|0.858 | 2.738 | 0 |2.31(56.19| 41.5 | 0.84 | 0.014 | 0.0005 | 28 28
BH-9 | 26.3-27 65.13 | 1.583 | 0.906 0 |2.41|54.09| 435 | 0.84 | 0.012 |0.0005| 24 24
PERM CONSISTENCY SHEARING STRENGTH
EABILI
UNCONFIEND TRIAXIAL CONSOLIDATION
TY PLASTI COMPRESSI
Borhole | Depth | crpic | jog |LIQUIDL| PLASTI o COMPRESSION ON
No. GL-m) | enT IMIT |C LIMIT
INDEX |STRENGTH | SENSITIVIT | COHESION Pe Cv
LL(%) | PL(%) o
JEmis P1(%) Qu Y Cu Cc |kgflem |[cm®/mi
107 glem? St kgf/lcm? 2 | nx10?
BH-9 | 5360 | 1.63 21 2.7 0.182 036 | 0 | 475
BH-9 |17.3-180| 098 | CL | 43.85 | 23.90 | 19.95 20 2.7 0.228 059 | 01 | 3.94
BH-9 | 26.3-27 | 0867 | CL | 39.15 | 23.48 | 1567 22 2.9 0.271 0.57 | 0.15 | 4.02
- . _
(2) AR HEEE dF
1 5 S = = ST
AWE9AE 2 dgANFA34E 1 354179 YEFH AT

- 147 -




& 35417 AWEAZANE H A E A
Unit weight Grain size .
Borehole Depth c\(])\iiteerft el Depth passing | retained 2?2?711?5
No. (GL. ~m) (Wy, %) wet dry | (GL. ~m) through | on #10 (Gs)
v | (v #200 (%) | (%)
16.76 36.18 16.90 13.80 0.89
17.62 23.36 21.00 8.46 18.18 2.699
20.68 16.98 1.87 1.60 26.50 8.50 44.63 2.627
21.03 17.45 1.99 1.69 30.60 7.36 37.33 2.622
23.73 9.92 43.73 5.70 12.59 2.686
24.08 8.65
26.33 13.56 2.03 1.79
BH-1 26.78 17.02 2.06 1.76
30.18 10.86 1.99 1.80
30.58 11.42 1.95 1.75
43.18 10.77 1.94 1.53
43.50 12.54 2.09 1.86
45.25 8.26 2.16 1.99
45.55 11.09 2.07 1.86
19.55 21.22 2.05 1.69 19.78 13.73 13.72 2.634
20.00 20.05
BH-2 21.23 16.37
23.14 17.15
25.06 15.00
14.13 33.68 1.78 1.33 14.73 14.20 4.24
14.59 21.83 17.64 13.40 4.25 2.633
15.15 21.18 20.53 10.46 39.74
15.45 23.84 1.81 1.46 21.60 3.61 17.50 2.687
16.25 17.69 23.32 8.03 7.12 2.626
17.29 21.76 1.83 1.43 26.58 4.44 48.67 2.720
20.30 15.94 1.87 1.62 27.73 12.40 4.52
20.85 1.84 1.35 29.06 4.95 25.06 2.679
21.08 14.50
21.55 16.07 2.07 1.78
22.13 20.19 1.97 1.64
22.56 30.86 1.82 1.39
BH-3 23.14 28.26
23.53 21.05
24.16 29.97 1.88 1.44
24.78 23.11 1.93 1.57
25.07 24.56 1.92 1.54
25.56 18.88
26.14 7.44
26.25 6.68 2.05 1.92
26.78 9.75
27.32 20.86
27.85 25.86 2.03 1.61
28.53 11.21 2.08 1.87
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Unit weight Grain size
3 -
Borehole Depth Water (gf/em’) Depth - - Spec1.f1c
No (GL. -m) content dry (GL. -m) passing retained gravity
’ ) (Wx, %) |[wet (30 (va) ) through | on #10 (Gs)
¥d #00 (%) | (%)
BH-3 28.95 17.19 1.99 1.70
17.05 41.29 1.91 1.35 17.27 23.64 4.79 2.717
18.13 25.80 2.02 1.60 19.60 13.08 6.41 2.7133
18.57 26.29 1.92 1.52 21.90 9.05 5.43 2.586
19.38 25.60 1.95 1.56 24.65 9.00 18.90 2.609
20.78 22.49 1.98 1.62
21.66 20.38 2.00 1.66
BH-4 22.33 23.84 1.83 1.48
22.70 15.11 1.85 1.60
23.10 23.05 1.90 1.54
23.64 26.14 1.93 1.53
24.21 18.33
24.43 21.57
25.28 11.98
20.25 24.77 28.83 2.646
BH-5 25.50 12.87 26.75 2.680
29.75 2.88 68.96 2.692
10.25 40.02 0 2.659
12.00 20.93 0.35 2.654
18.00 13.93 1.68 2.560
27.25 10.72 7.09 2.648
BH-6 28.50 2.648
32.75 9.00 12.59 2.657
37.50 2.654
39.50 2.639
(3) AFTIER
2 dZ AUEAAAYE 2 I g AgEse X dEs] olAdHY
FaEglom, NERANA F4E X AFLES} AGAEY AFELE )
S golste] B wAe Aol AgslelE AT Ao BTHATH
of. &/ 3 gALA 3
(1) 7t9 i g5 %
o 3 FAE A+
2) g HEE=E 9%
2 A= 370 A F(BH-2, 3, Dol A F3F e 3eALSE 6719 A
FETMBH1 ~ 6914 2t2h 342 wgstgas AAsich Ade 2ae o
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A E 34777 19 34710 ~ 34.7.15°] YEFH AT

A 374 A S FollA TBH-10A stk
O ARE F 354180 HEFHAT

1>
i
oX,
i=)
o
>~
=
Ll
i
>,
ol
ol
&
o
=

F 35418 o1& SAIEHAL A (o3 R

Depth Rock | T#ZtAZ| pa} S} Vp Vs g Gd(ZA 8)|Ed(SEHM)| Kd(* =)

(GL.-m) Type (m) (=8) (Z5) | (km/sec) | (km/sec) | (KN/m®) (MPa) (MPa) (MPa) ud
1.0 o 2 2.8 7.854 19.119 | 0.355 0.146 17.7 | 3.83E+01 [1.07E+02|1.76E+02| 0.398
2.0 B 3.3 9.483 22.370 | 0.304 0.152 18.0 | 4.25E+01 [1.13E+02|1.13E+02| 0.332
3.0 =35l 4.0 11.280 | 26.621 0.384 0.162 18.0 | 4.83E+01 |1.34E+02|2.06E+02| 0.391
4.0 =35l 4.8 13.095 | 30.872 | 0.441 0.188 18.0 | 6.52E+01 [1.81E+02|2.71E+02| 0.389
5.0 Z3lE 5.6 14.683 | 34.852 | 0.545 0.217 18.0 | 8.68E+01 [2.44E+02|4.29E+02| 0.405
6.0 Z3lE 6.5 16.271 | 40.066 | 0.569 0.173 18.0 | 5.52E+01 [1.60E+02|5.21E+02| 0.449
7.0 Z3lE 7.5 17.859 | 44.280 | 0.584 0.220 18.0 | 8.91E+01 [2.53E+02|5.09E+02| 0.417
8.0 Z3lE 8.4 19.447 | 48.994 | 0.595 0.200 18.0 | 7.38E+01 [2.12E+02|5.52E+02| 0.436
9.0 Z3lE 9.4 21.035 | 53.299 | 0.602 0.222 18.0 | 9.06E+01 |2.57E+02|5.45E+02| 0.421
10.0 Z3lE 10.3 22.505 | 57.142 | 0.656 0.251 18.0 | 1.16E+02 |3.27E+02|6.36E+02| 0.414
11.0 EEE 11.3 24.054 | 60.986 | 0.626 0.253 18.0 | 1.17E+02 |3.29E+02|5.64E+02| 0.403
12.0 EEE 12.3 25.531 | 64.829 | 0.661 0.254 18.0 | 1.18E+02 |3.34E+02|6.44E+02| 0.413
13.0 EEE 13.3 26.890 | 69.077 | 0.720 0.230 18.0 | 9.75E+01 |2.81E+02|8.23E+02| 0.443
14.0 EEE 14.2 28.099 | 73.439 | 0.812 0.225 18.0 | 9.31E+01 |2.72E+02|1.09E+03| 0.458
15.0 EEE 15.2 29.309 | 77.500 | 0.814 0.242 18.0 | 1.08E+02 |3.13E+02|1.07E+03| 0.451
16.0 EEE 16.2 30.518 | 80.834 | 0.815 0.296 18.0 | 1.61E+02 |4.58E+02|1.01E+03| 0.424
17.0 Z351e 17.2 31.727 | 83.973 | 0.817 0.315 18.0 | 1.82E+02 |5.14E+02|9.83E+02| 0.413
18.0 Z3518 18.2 32.907 | 86.773 | 0.839 0.353 18.0 | 2.29E+02 |6.39E+02|9.86E+02| 0.392
19.0 Z351e 19.2 34.106 | 89.312 | 0.826 0.390 18.0 | 2.79E+02 |7.58E+02|8.80E+02| 0.356
20.0 Z351e 20.2 35.306 | 91.847 | 0.826 0.391 18.0 | 2.81E+02 |7.61E+02|8.80E+02| 0.356
21.0 Z351e 21.2 36.505 | 94.830 | 0.827 0.333 18.0 | 2.03E+02 |5.70E+02|9.86E+02| 0.404
22.0 B 222 37.535 | 96.789 | 0.964 0.507 221 5.79E+02 |1.52E+03|1.32E+03| 0.309
23.0 =Z3let 23.1 38.531 | 98.905 | 0.997 0.469 221 4.97E+02 |1.35E+03|1.58E+03| 0.357
24.0 =Z3let 241 39.558 | 100.831 | 0.968 0.516 221 6.01E+02 | 1.56E+03|1.31E+03| 0.302
25.0 =Z3let 251 40.335 | 102.407 | 1.280 0.631 221 8.98E+02 |2.41E+03|2.50E+03| 0.340
26.0 et 26.1 40.884 | 103.373 | 1.811 1.030 25.0 | 2.70E+03 |6.82E+03|4.76E+03| 0.261
27.0 et 271 41.278 | 104.109 | 2.529 1.352 25.0 | 4.66E+03 |1.21E+04|1.01E+04| 0.300
28.0 et 28.1 41.651 | 104.777 | 2.666 1.491 25.0 | 5.67E+03 |1.44E+04|1.06E+04| 0.272
29.0 et 29.1 42.005 | 105.455 | 2.817 1.469 25.0 |5.51E+03 |1.45E+04|1.29E+04| 0.313
30.0 det 30.1 42.398 | 106.160 | 2.532 1.413 25.0 | 5.09E+03 |1.30E+04|9.56E+03| 0.274
31.0 zet 31.1 42.801 | 106.911 | 2.470 1.327 25.0 | 4.49E+03 |1.17E+04|9.57E+03| 0.297
32.0 zet 321 43.165 | 107.649 | 2.742 1.351 25.0 | 4.65E+03 |1.25E+04|1.30E+04| 0.340
33.0 det 33.1 43.538 | 108.336 | 2.669 1.449 25.0 | 5.36E+03 |1.38E+04 |1.10E+04| 0.291
34.0 zet 341 43.922 | 109.044 | 2.600 1.408 25.0 | 5.06E+03 |1.31E+04|1.05E+04| 0.292
35.0 et 35.1 44.295 | 109.722 | 2.670 1.471 25.0 | 5.52E+03 |1.42E+04 |1.08E+04| 0.282

A ZEAND 2

ik

ot
O>"

(1) 7Fg o 3
ZARA G o] g AFAFT0 HEZA digt FEH EAHS FAs7] A5k

BH-1-3 AZ#Zold HozaadNas Axsglon, g Ans gy 2
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A FRAFA YA

(D) 79 da ) d5 As
SU A A 2
Test) & A o, Al

3
Sl ASAE A A EolFH] vi= 0355 A &Stk

7oA LLT(lateral Load

¥ 35419 3WASAYE A (7HE o
AP = . - a5 5 LA A =
a9 =1 A A H
°= (m) Ae °rE ] (kgf/cm) (kgf/cm)
60.5 A= 0.35 12.390 285.90
BH-1 66.5 AdAHdE= 0.35 11.860 265.76
68.0 AdAdE= 0.35 10.680 204.34
(2) IHAY F&EE2 I3
2 AFAA AFEEHE AFEEES TPl ~ TP4Y FAsHAE A= Jdddiau
AdAdx=z ALFA EEASHAIE HIaA (AU dAd7IsdT4, 200605 FHalshod
A7E Agsle] ¥ 354.200 HERH AT
# 35420 FUHASAIE AFdAGRQIAdYY HEEZ dF)
PTH-2 PTH-7 PTH-4
Depth (GL-m) Es Depth (GL-m) Es Depth (GL-m) Es
b m (kgf/cm®) P m (kgf/cm?) P m (kgf/cm®)
24.5 2083 26.5 776 10.0 22.63
355 4286 30.0 66386 15.0 40.82
33.5 49790 23.5 119.7
28.0 745.9
35.0 319
39.0 1522
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BH-1 BH-5 BH-6
Depth (GL-m) Es Depth (GL-m) Es Depth (GL-m) Es
P (kgf/cm?) P (kgf/cm?) D (kgf/cm?)
18.0 481.20 21.0 1513.10 13.0 385.30
22.5 359.78 255 1453.30 18.0 883.80
24.0 459.07 30.0 2397.60 33.0 3478.0
26.5 704.04 385 17704.0" 40.5 2419.20
285 779.64
30.5 395.20
325 1043.76
385 1404.19
435 3512.30
BH-2 BH-3 BH-4
Depth (GL-m) Es Depth (GL-m) Es Depth (GL-m) Es
D (kgf/cm?) D (kgf/cm?) P (kgf/cm?)
22.00 311.12 18.00 78.01 20.00 165.94
24.00 1190.25 29.30 2024.02
26.00 639.66
29.00 3718.77
(3) AFF3 =
B e FU AstA S TBH-1o1A AAsg o, 2435 ¥ 354.21
of et ATt
& 35421 FUASAIE AlF AR (AFFIER)
WAL | SAAF
T Al =(m) 2 F o TCR/RQD (N Value) H] oL
(MPa) (MPa)
TBH-1 25.00 3 AEA 2 50 / 6(L) 130 175
TBH-1 26.80 739 Gl 83 / 51 4,845 7,370
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5. #%F BAZBYANE 23 &4

7}, ¥ TCPT 23¢9 BA
HEHTCPTY afmFA 2 ElAxol= ¥ 35479 YeEyglon,
EFA 314 1003] mIvke] A ZFoll A= #d=F 30cmol g Ef

atal BbA 3l 1003] o] el Ankell A= 1008] EFAA #Y

HETCPTe ZFoldA|(tonf - m - 3]) = 3™ FA(0.76 tonf)
x H3}3£0](0.38, 0.76, 1.14m) x B4 3]4(3])

DCPT €} oA (tonf - m) ) FA[Wl(tonf) x  3l=0](0.76 m)

3 v 71(0.76 tonf) x 3HE0](0.38, 0.76, 1.14m) x E}28]4(3)
DCPT N(+4 N) =

B FAIWIEN) x =3F%0](0.76 m)

|
as!
o

el £ 1 FAE ~ Fh9

=

HETCPTY Zo YA (tonf - m - 3]) = &l FA(0.76 tonf)

x =3}0](0.38, 0.76, 1.14m) x EFA 3] 4(3])

HETCPT-L = (DCPT BAo|A / RPTCPTE FlHA)
x HETCPTY #YZF

(1) 7Fg o
e dAZgAE JETCPT A8 A7 0.76tonf ™2 Bl Aol &
0.76m(A) ¢} 0.38m(B)E W3IA1A AFS F3hA

71 N o8 BAsFE FAse] E 354000 YER AT
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=
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SPT

A Type

H Y TCPT (h=76cm)

ac)
jine
oft

(cm)

N-%k

EngE

(cm)

B Type

W P DCPT (h=38cm)

o

(cm)

E)
I
ol

AEZS
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30

30

30

30

30

30

30

30

30

30

30

30

30

12

30

30

30

13

30

30

30

30

ol

30

30

10

30

30

30

17

30

11

30

10

30

13

18

30

11

30

A2

WS

13

30

16

33

30

21

12

30

17

30

21
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M blow/300mm

N blow/300mm

0 10 20 30 40 50 0 10 20 30 40 50
] 1 L L 1 0 oy
J --m--SPT i 2HE et
+E’4T§ TCPT (A) 7.0m o e TePT (A
10-%} —o—B% TCPT (B) 10 4 § o e TCPTEBi
204 Ji . 20 4 /%
B
1L NS
E 30 1 Fi\o - | 304 |
£ I ez \
o /O
9 40 - - 40 4 0\
\o \S
<>£ ™~
50 - 50 -
LO\ }“ V6%
<>\ \o - 56.8m \ o
60 ~ "% \- SEEHE 60 o o\o
J 65.1m B
Az
70 Bedam BEZ | 7g
2% 3551 7t giw HEATCPTS 44 23
(2) X HEER
12 A ¥kzAF BH-1% BH-2 (E&]o]dlx], 2006)914= FEBYAIe W

TCPT A@& 3£ 3552 ~ 3£ 3553% #Zo] EAMANHEFA SIS 1001 wh ol A =
15em#Y Al EHA3IFE S48t F 30em#*Y Al BA3SFE S45ta, 9o

Fog F 20037+

A B A
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# 3552 WIHTCPTY RAH AFAzH(BH-1)
C Type
SPT gl s
A (W=0.635tonf, h=0.76m) (w:i?gncfﬁgl - T
A e N-7k a9 % AE N-zt #e & N-3k #el
(m) (3]) (cm) (m) (3]) (cm) (3]) (cm)
HAEA
o 6.0 10 30.0 7.0 5 31.0 10 30.0
HNEZ= 8.0 16 30.0 9.0 11 30.0 20 30.0
10.0 8 30.0 11.0 7 30.0 14 30.0
12.0 15 30.0 13.0 19 30.0 35 30.0
14.0 29 30.0 15.0 28 30.0 51 30.0
Z3E 16.0 45 30.0 17.0 30 30.0 51 30.0
16.6 38 30.0
18.0 100 24.8 215 90 45 100 27.8
21.9 74 30.0
=3}o} 23.2 100 16.7 23.0 81 14 100 3.7
245 100 5.0
27.0 100 15.0 255 100 21 100 6.1
29.0 100 5.0 275 100 8 100 2.8
315 100 4.0 31.0 100 6 100 1.7
¥ 3553HYTCPTY A" A33H(BH-2)
. C Type
LoPT WMHTCPT(C) &4 C
PR (W=0.635tonf, h=0.76m) (W=076tonf, h=1.14m)
A e N-zk #elF A= N-% #elF FAS #elF
(m) (3]) (cm) (m) (3]) (cm) (3]) (cm)
1 30.0 2 9 30.0 17 30.0
3 11 30.0 4 32 30.0 58 30.0
5 30.0 6 7 31.0 14 30.0
e 7 7 30.0 8 21 30.0 38 30.0
v 9 13 30.0 10 10 32.0 17 30.0
11 12 30.0 12 13 30.0 24 30.0
13 11 30.0 14 14 30.0 26 30.0
15 10 30.0 16 20 30.0 37 30.0
17 41 30.0 18 40 30.0 73 30.0
LaE 21 100 25.0 20.5 100 17.0 100 5.0
© 23 100 20.0 22.5 100 20.0 100 7.2
25 100 9.0 24.5 100 8.0 100 2.2
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(1) N-%kel
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oH w9 T o o M B Mo Ho
T omoe oo T LT ok E
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< 58w L ) wow o
o T ) ,wa o w. B wﬁ X Mo
) B %05 © % T =) o
FE S FTe Ty 22
s e Y
o Tl w. fud oy o NB v g o R 8° Wﬁ
x ToAE o A S
<R A -
i Wﬂ_ M Mo © .W% MLH Wm Wﬁ ” WM oLa M No M:._
T = 5 & » o D
M T — Z]T i) 8° o) o) T T o bl
WWﬂWA%ﬂr. o oW R - T o T M
T T x W o o S on o ™
o S 0o R — ~
A W B o N "E o XN
PR o g T e = 2 5 X TR >
Mmoo o o T W B A R Vo=
o) ' of %0 Y NS T oo N X
= W T oy oo W | = B T o T X
SR RE L o C s @ o, T E M
G = T & R o ¥ 9 2 F
X0 T oG X L 2 .
B ool T o <° N Ny = o oA vy
< o = oL o 0 - M o Y w G ol %u
o - 0 = = = r o
S T - VR VI S AR
o . < N Tt = T owm ¢ E 0
w o oy X O N~ &® O DI -
=0 ﬁo On* o) An\fl ey = ﬂ% vl )Ao T ﬂo OME
CE o mETLE Al T E T oy
] — Jpac = B =
Gl Mﬁ o 8° o = CJ— ME o m M u&W oo oo . o
- = X Dl 3 i o} - JS o L ol R N .
I .# ~ oF N _ﬂ._./I e =~ | ) o ,_._rmo —o o J.ﬁ X ",N X
= o = Z o A A gy
T T T W s Y A °© o o
[\

(3.55.1)

N = NxCyxN xNyxT gx1,
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o714 N ¢ B N-%
N A A EE3dAEEAR, ¢y FESE g BA
n, ;3] AUANEE BAASF, n, + FEH] BAASF

n, - AE FTFl W BAASF, n, @ sdl e BAAS

b FrEsHd U B4 Cy)

Bazaraa(1967), Peck & Bazaraa(1969), Peck -5(1974), Tang(1962), Seed(1976,
1979), Tokimatsu & Yoshimi(1983)¢} #Z& 3tat52 ¢, o digh AA8424 s A
QtalsAth. Liao$t Whitman(1986)0] AIgkgh w-g 22 7h 3hdgh Gaka 2 o v
0 gatso] Ate WUy oo sg F& AdE =3 o5 Abe A

ANe et 2k

— 1 35.5.2
Cv =\ (s (3:552)

29

ot

r O
(o7, 7

1 (355.3)
Cy = 9'78\/ 9.810 ", (t/m?)

2] (355.2), 2 (3553)°llA o0 FEgS 956t/m7elth A (3552)9 2
(3553) e WA oAk o 7F e Wi BE =e @el ¢, o0 g

Skempton(1986)2 Aol thgh ek GRS thgat 2ol AljkeAth

2 (355.4)
Cw = 1+ 0.1024 0", (t/m*)
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aste] N-gt& wmAsioF @t olE fske] ke VI dyA &L ANHA
O2 60%01m, wekA oux] E&el tiete] BAGE N-#2 A (3555)2FFH T

= =
EIE =

N60 = N measured Lgf@m (3555)
60

o714 N2 dlHel Hdk A 58 60%E 7leo® HAE N-greli,
Noewwred = ZBE I E ey © AHEE 8H S YR a&olH, g, &
60%2] oA E&ZA 060tk AMEEHE YA E&(E
Aol whet 3 355400 AAE viel Zo] AA trEA YEld ¢ glernz ALE
HE e duA 285 AH S48 o] EYE A N

o

.

)

b}

Olt

o34

3 3554 M ESE

=7} 3l W F 3l v B}A vy E oasured
ol 2 gl ¥ 1} Ef-ylaf e 7R 3]l = (cathead) 0.45
Z}E 3l v E ¥ (trip) 0.60
=k =94 a) <€} 2] (hand dropped) 0.55
L5yl 713 = (cathead) 0.50

e E9yla)n E4] E2] A(tombi trigger) 0.7870.85

- =533 A8 = (cathead) 0.6570.67
Q= 25 3l v E H(trip) 0.73

S Q7 3l 78 & = (cathead) 0.5570.60
=9yl 713 = (cathead) 0.45
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- HolE

140lb €4
2L 2=

19 3552 M e TR/

(th) ol¢le] A Ax(n,, n,, n,)

¥ 3555 2=Zo], A=Y,

o}
1%

274 o & B AT (Skempton, 1936)

2egold WE HAAF n,

2o n,
> 10m 1.00
6" 10m 0.95
476m 0.85
074m 0.75

gholy f5o wE BEAASF, n,

T I 5
xa AEY 1.00
7F 9l US A= 1.20

sHA G mE BAASF, n,
THA A I 4
607120mm 1.00
1217150mm 1.05
1517200mm 1.15
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BA 2 N-gtel 100 o]kl "EARS"o] gt

GIaE23A E2uE7]EY, 2002).

(3) Ngk A4z

Oh) Fheda A 4

- AF&74  NX size(76.3mm)
- A3¢ - GL(-) 0.3m
- AZ2 : None Liner(g}o]ly 7} ¢l USH =)

- dl#&F © Safty Type, dlUA] && 65%(5 3] o] AMA)

o
il
rob
o
rot

¥ 3556 E=AUYAE 2 DCPTY BwACIE = s 34
SPT DCPT

A=

E('m) A ST AGA A NgoX 4 AGAI A Neo A

3y} ol & v} ol g2k }-0] 3} o] 2k
N-2 73] = N-2 4] = N-2 2] = N-7} 23] =
(cm) (cm) (cm) (cm)

9.0 2 30 2 30

10.5 3 30 3 30
12.0 3 30 3 30
135 2 30 2 30

15.0 3 30 3 30
16.5 3 30 3 30
18.0 3 30 3 30

19.5 5 30 5 30
21.0 4 30 3 30
22.5 2 30 2 30

24.0 5 30 4 30
25.5 4 30 3 30
27.0 5 30 4 30

285 Clay 3 30 6 30
30.0 8 30 5 30
315 5 30 4 30

33.0 9 30 6 30
34.5 8 30 5 30
36.0 6 30 4 30

37.5 7 30 4 30
39.0 5 30 3 30
40.5 7 30 4 30

42.0 8 30 4 30
43.5 7 30 4 30
45.0 9 30 5 30

46.5 9 30 4 30
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480 i1 30 5 30
495 8 30 4 30
51.0 3 30 6 30
525 11 30 i1 30
54.0 9 30 5 30
5.5 16 30 16 30
57.0 21 30 21 30
585 GM 2 30 6 30
60.0 31 30 31 30
615 31 30 31 30
(W) g 4= %
- AlF&7 : NX size(76.3mm)
- A54¢9 - GL(-) 0.3m
- AZ2 : None Liner(gte]q 7} ¢l+= USAHZ1g])
- HEFF YA 2&
¥ 3557 AlFFdE dAHas
A AL Al 3 A=A F&
2006 BH-1, 2 78%
PTH-2, 4 43%
2005 ; o
PTH-7, 8 529
2007 TBH-173 6495
¥ 3558 YA 2 DCPTY HARIAYNY &2 dF)
(a) ITP3-2
SPT(BH-1) DCPT(BH-1)
A= ) A3 X N60X. 74 HAGA H A N60X. A
AT e e EE: e
(m) N-%t - N-g | N-zt - N-%t -
(cm) (cm) (cm) (cm)
6.0 sand 11 33 9 30
70 9 31 7 30
8.0 16 30 12 30
9.0 20 30 15 30
10.0 8 30 6 30
11.0 Clay 13 30 9 30
12.0 15 30 11 30
13.0 34 30 23 30
14.0 29 30 19 30
15.0 50 30 31 30
16.0 45 30 28 30
166 Sand 38 30 23 30
17.0 54 30 32 30
185 WS 121 30 100 24.8
215 ; 162 45 100 27.78
23.0 Wi 119 45 100 3.782
23.2 90 15 100 16.7
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245 100 5 100 5
255 100 96 100 96
27.0 100 15 100 15
275 100 117 100 117
29.0 100 5 100 5
205 100 45 100 45
310 100 33 100 33
315 100 4 100 4
(b) ITP3-3
SPT(BH-2) DCPT(BH-2)
NE | RREE NG0x4 CERLE NG0H
| g | EE [ eee R S
- -k N-%t N-%t
(cm) (cm) (cm) (cm)
1.0 6 31 7 30
2.0 25 30 25 30
30 11 30 11 30
40 58 30 69 30
50 7 30 7 30
6.0 14 30 15 30
70 7 31 7 30
80 38 30 37 30
9.0 Clay 13 30 12 30
10.0 18 32 15 30
11.0 12 31 10 30
12.0 24 30 20 30
13.0 11 31 9 30
14.0 26 30 20 30
15.0 10 31 7 30
16.0 37 30 2% 30
17.0 41 30 28 30
180 73 30 48 30
205 . 100 95 100 95
21.0 WS 100 25 100 25
225 100 1.1 100 1.1
23.0 100 20 100 20
245 100 45 100 8403
25.0 Wi 100 9 100 9
(c) ITP1
SPT(PTH-2) DCPT(TBH-1)
A= A A8 A Neo 27 G A A Neo A
w | TTE g [ R, [, [
- 1 1 1
(cm) (cm) (cm) (cm)
0.0
15 16 30 12 30
3.0 Sand 40 30 29 30
45 24 30 17 30
6.0 22 30 16 30
75 Clay 2 30 1 30
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9.0 4 30 30 5 30 6 30
10.5 12 30 30 9 30 11 30
12.0 13 30 30 10 30 11 30
135 15 30 11 30 16 30 17 30
15.0 9 30 6 30 5 30 5 30
16.5 13 30 9 30 7 30 7 30
18.0 100 17 100 17
19.5 100 8 100 8 100 12 100 12
21.0 100 7 100 7 100 10 100 10
22.0
22.5 100 7 100 7 100 18 100 18
24.0 100 7 100 7
244 WR
255 100 6 100 6 100 85 100 85
27.0 100 4 100 4 100 7 100 7
28.0
285 100 100 7 100 7 100 7
30.0 100 100 6 100 3.3 100 3.3
315 100 100 6 100 3.2 100 3.2
(d) ITP2
SPT(PTH-8) DCPT(TBH-3)
A= AFAEA Noo 73 A A Noo 2.7
w | FTE g | FER L [wew e [ e
- ! ! n
(cm) (cm) (cm) (cm)
1.5 4.0 30 3 30
3.0 6.0 30 5 30
45 13.0 30 11 30 11 30 14 30
6.0 7.0 30 6 30 7 30 3 30
7.5 19.0 30 3 30 5 30 6 30
9.0 Clay 10.0 30 9 30 11 30 12 30
10.5 9.0 30 8 30 10 30 10 30
12.0 8.0 30 7 30 6 30 6 30
13.5 6.0 30 5 30 9 30 8 30
15.0 6.0 30 5 30 10 30 9 30
16.5 6.0 30 5 30 9 30 7 30
17.5
18.0 28.0 30 24 30 9 30 7 30
19.1
19.5 Sand 21.0 30 18 30 13 30 10 30
21.0 23.0 30 20 30 14 30 10 30
219
22.5 25.0 30 22 30 31 30 21 30
24.0 26.0 30 23 30 82 27 59 30
25.5 WS 100.0 26 100 26 69 28 46 30
27.0 ) 100.0 17 100 17 89 26 100 29.21
279
:28.5 WR 100.0 18 100 18 85 24 100 28.24
28.8
30.0 100.0 6 100 6 100 5.5 100 5.5
31.5 100 4 100 5.5
33.0 SR 100 5.5 100 5.5
34.5 100 2.2 100 5.5
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A =R SPT(PTH-4) DCPT(TBH-2)
A= A A Neo 24 A A Neo 7
(m) « SR . = . S ) =k
s N-%% N-%% N-%t
(cm) (cm) (cm) (cm)
0.0
1.5 15.0 30 13 30
3.0 16.0 30 14 30
45 snad 13.0 30 11 30
6.0 4.0 30 3 30
7.0
75 16.0 30 14 30 2 30 2 30
9.0 13.0 30 11 30 12 30 12 30
105 14.0 30 12 30 8 30 8 30
110 clay
12.0 16.0 30 14 30 8 30 7 30
135 14.0 30 12 30 36 30 31 30
15.0 sand 20.0 30 17 30 13 30 11 30
16.5 100.0 23 100 26 16 30 13 30
17.0
18.0 100.0 25 100 29 77 26 66 30
19.0 WS :
195 100.0 24 100 28 100 17 100 17
21.0 89.0 30 77 30 100 19 100 19
22.0
22.5 100.0 21 100 24 100 16 100 16
23.0
24.0 100.0 17 100 20 100 12 100 12
25.5 100.0 11 100 13 100 10 100 10
27.0 100.0 16 100 18
285 100.0 3 100 3 92 27 100 29.35
30.0 100.0 16 100 18 100 9 100 9
315 100.0 17 100 20 100 85 100 85
33.0 100.0 16 100 18 100 6 100 6
335 100.0 16 100 18
345 100.0 8 100 9 100 8 100 8
35.0 WR 100.0 8 100 9
36.0 100.0 12 100 14 100 11 100 11
36.5 100.0 12 100 14
375 100.0 9 100 10 100 5 100 5
38.0 100.0 9 100 10
39.0 100.0 7 100 8 100 5 100 5
39.5 100.0 7 100 8
40.5 100 4 100 4
42.0 100.0 3 100 3 100 35 100 35
43.0
45.0 100 4 100 5
(th Y 8%

- AlF&7 : NX size(76.3mm)

_x]

3¢9 GL(-) 29m
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- A&+¢ @ None Liner(gelY 7t gl USAEY)

- AT ER  UA B
¥ 3559 A2 A ES
AEA G e NIA E8
2005.3. BB-5-1 6326
2007.3 BBC-5 63%
2007.5 TBH-173 63%

3 35510 SPT ¥ DCPT9 HA(AFT3I == dH)

(a) YTP1
SPT(BB-5-1) DCPT(TBH-1)

Al x A GA A NooH. 7 AGA 5 A NeoE. 7

w | FTET T Taaw | | waw NEEE EZE

N-%k N-%k N-%k N-%k
(cm) (cm) (cm) (cm)

0.0 sand

1.5 6 30 10 30

20 clay

3.0 11 30 16 30

35 16 30 10 30 14 30

45 12 30 18 30

5.0 18 30 23 30 33 30 40

6.0 sand 17 30 26 30 21 30 32 30 60

7.0 34 30 30 30 43 30 40

75 25 30 34 30

8.0 34 30 21 30 28 30 60

9.0 45 30 60 30 46 30 61 30 40
105 50 23 80 30

11.0 50 29 63 30 40
12.0 50 25 69 30 100 95 100 95 60
13.0 78 30 85 30 40
135 50 12 100 24

14.0 85 30 89 30 40
15.0 WS 50 7 100 14 79 28 85 30 60
16.0 78 29 78 30 40
16.5 50 10 100 20

17.0 72 40 50 30 60
18.0 50 12 100 24 81 26 83 30 40
19.0 83 25 86 30 60
195 50 12 100 24

20.0 100 21 100 21 40
21.0 50 7 100 14 100 135 100 135 60
22.0

22.5 50 2 100 4

23.0 WR

24.0 100 175 100 175 40
25.0

25.5

26.0 ]

26.5 SR
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27.0

28.0
(b) YTP2
SPT(BB-5-1) DCPT(TBH-2)
qw | gz PR N602. 7 EERER N601.4
(m) n ) ] & . = ) ] & . #yF | 274%
N-3t N-3k N-3t N-3k
(cm) (cm) (cm) (cm)
3.0 12 30 18 30
4.0 7 30 10 30 50
4.5 15 30 22 30
5.0
6.0 17 30 23 30 9 30 12 30 60
7.0 47 30 55 42 55 30 50
75 and 34 30 47 30
8.0 47 30 17 30 23 30 60
9.0 25 30 32 30 91 24 100 26.37 50
10.0 48 30 33 30 42 30 60
10.5 39 30 48 30
11.0 48 30 72 38 69 30 50
12.0 50 25 69 30 32 30 37 30 60
13.0 57 30 72 42 56 30 50
135 50 28 57 30
14.0 57 30 35 30 37 30 60
15.0 50 26 58 30 100 6 100 6 50
16.0 55 30 100 19 100 19 60
16.5 WS 50 26 55 30
17.0 55 30 69 30 64 30 50
18.0 50 24 56 30 100 22 100 22 60
19.0 80 30 70 30 61 30 50
19.5 50 16 80 30
20.0 80 30 100 24 100 24 60
21.0 50 13 50 13 100 16.5 100 16.5 50
22.0 100 18 100 115 100 115 60
225 50 9 100 18
23.0 100 18 100 8 100 8 50
24.0 50 8 100 16 100 10 100 10 60
25.0 100 10 100 8 100 8 50
25.5 WR 50 5 100 10
26.0 100 10 100 9 100 9 60
26.5
27.0 100 3 100 3 50
28.0 100 3 100 3 60
29.0
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(c) YTP3

SPT(BB-5-1)

DCPT(TBH-3)

A& 2 ST AGAAA N60E.A G AA N60X.- 4
(m) ] )= SIS )= 9% | 24=
N-3t N-3gk N-3t N-%k
(cm) (cm) (cm) (cm)
0.0
1.5
2.0
3.0 12 30 18 30
4.0
4.5 15 30 22 30
5.0 7 30 10 30 40
6.0 17 30 23 30 10 30 14 30 40
7.0 4 30 6 30 50
75 sand 34 30 47 30
8.0 4 30 5 30 40
9.0 25 30 32 30 20 30 25 30 50
10.0 41 30 52 30 40
10.5 39 30 48 30
11.0 25 30 30 30 50
12.0 50 25 69 30 40 30 46 30 40
13.0 44 30 48 30 50
135 50 28 57 30
14.0 66 38 55 30 40
15.0 50 26 58 30 65 39 50 30 50
16.0 31 30 30 30 40
165 50 26 55 30
17.0 WS 60 34 49 30 50
18.0 50 24 56 30 88 28 84 30 40
19.0 100 18 100 18 50
19.5 50 16 80 30
20.0 100 17 100 17 40
21.0 50 13 100 26 100 14.5 100 14.5 50
22.0 100 135 100 135 40
225 50 9 100 18
23.0 100 75 100 75 50
24.0 50 8 100 16 100 4 100 4 40
25.0 100 3 100 50
25.5 50 5 100 10
26.0 WR 100 3 100 3 40
26.5
27.0 100 4 100 50
28.0 100 3 100 40
29.0 100 3 100 50
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t}. DCPT vs SPTY A& #A
AL~ 230 AJHEA(TxDOT, 2000)0] YEY 9+ TCPT9F SPTe AAE
o} A EM o AABAE S 2}

Nppr=1.5 Nepp (H73E) (355.6)

Nyepr=2.0 Ngpp AHEE) (35.5.7)

Avk ExARARERTE Aol F ANt M E BFEAYAIFE] AL FFoz <
ato] AAlE o] YA & Aot

olo] <oA= SPTS DCPTE A#aAE E45t=d By % 30cmell A1 <]
BASS(HAE, AHEE)9 BHAsls 1003 due BAH(FIE, Fidhow
o] EA et (19 3553 & 3554).

TxDOTol A= 2 (3556)3 (33474t ol HAES} ALHAES] a7
(DCPT o« SPT)E 77t 158 209 v BAE AAAoY, =l 3049 &

r O
o
o
A
ki
it
)
u

o
!
w
o
2
Lo
)
@)
av!
—
o
)]
av!
—
i,
_E,
il
rr
O
dlo
=

DCPT Nego = 1.634 x SPT Neo (78/‘6] E) (3558)

)
O
)U
=
z
I

0.906 x SPT Ng (AHEE) (35.5.9)

3ol =A% DCPTR(DCPTE 1003 el4 Al &Y =)ot SPTR(SPTE] 100
3] 814 A #Y#E) o AddA= v 2ol vE

DCPTR = 2.08+38.9(1-¢ PCPTR2086) (32 51 1y) (35.5.10)
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M =15 N, _(Clay)

100 f DCPRT SPT
red
30 |
= 1 4 ;
S CL:y=1634"
9 60 R*=0.521
2 o GTP
S 40 o ITP3-2
=
— # @ |TP3-3
[l {1 @ o TP
Q B,/ o ITP2
O 204 =/ o ITP4
g & YTP1
1 e ® YTP2
0 'O T T T T T T T T
0 20 40 B0 80 100
SPT NBD blow/30cm
(a) AAHE
- N o = 2.0 NSPT(SE:Hd)
1 \ sand vy =0.806%
; 2_
50 R'=0492
£ | N\
[&]
[a) N
% 60 a
o | @ o GTP1
s
= R
o 1 ¢ 4 o TP
8 20 ® o [TP2
7 o [TP4
| o ® & YTP1
® YTP2
0 T T T T T T T T T
0 20 40 &0 a0 100

SPT NBD blow/30cm

(b) AHA &
19 3553 SPT N vs DCPT N
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B0

Z5i0l :y= 2.08+38.9(1-7"™
50 - R® = 0447
&

GTP1
ITP3-2
ITP3-3
ITP1
ITP2
ITP4
YTP1
YTP2

40 -

30 4

DCPTR,, cm/100 blow
s}
® & O <o o®B O O

SPTR,, cm/100 blow

19 3554 1003 €2 A] SPTR vs DCPTR(Z3}4)

)

Nzt 1000]3+e] Auk F AldE A= SPTHT DCPTY #Ao] o<
o2 eIyt o] AL A|FF ] =FHA] ALEEE Eof o AlFES ngo] @ol
WHAsl Ao gudch vbd AMAEES A dE FIE F39S DCPT H

=

o} SPT7} #YAol £ H o=z eyt

ZFE il A REEAFE S (413 S A, 2004)9F It HEER A 43

R

s
BtEAL A3y T EFE(EE R AD), VT, AAZGA(AYJA, 2T, 24
A1), FeulE DCPTZA s} HlaLste] 1% 35559 355600 242 veii ot
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DCPTR (cm/100blow )

5 a0 25 20 15 10 5
B wet unitweight
® dry unit weight
4 & Gsg ]
w
)
5 3
= s, 4 i
[=5) 4
£
=
% 24 r.l. . - 1 = n l::
E I . ., b ¢ .
g
'l—.'
0 T T T T T T T T
0 20 40 60 20 100
DCPT Nsu(bIOWJ’SOcmj
719 3555 DCPT¢ @95 F&, 1x), s
DCPTR {cm/100blow)
30 25 20 15 10 5
g0 T T : . .
| O owiat tent
_ YO—Cb i . LLS(;;CDHEHS
= ] & PL(H)
W 604 | PI(3%)
E | =
S 50 o 1
L]
[ 1 =
g 404 u = :
§_ |1 a°
g o048 © .
= | &)
% 20 4 ‘7 © o < | ]
E ‘)C [ ]
8 1 m
10 1 - " "
O T T T T T T T
0 20 40 60 80 100
DCPT N, (blow/30cm)
19 3556 DCPTSF ZAAZ~EA], g
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v, A& vs DCPT

2 gA o] AFAFAA FlE A AFREE AN MHS, AES, RS,
FIE, T3¢, AYger FEAT ol tEAR] AFHEEC WE DCPTY
HeE st 19 355791 YERNSAT
DCPT N/30cm
0 20 40 g0 g0 100
0 1 1 1 1
] m clay
[ L sand
.: u * WS
[ ]
o WR
(P, |
n [ | » »
E om® om,
{mw u ®
— mm . L]
= - . . e o
£ 4. .
% ] Py L o
@ oe @ o
o] u [N
a . 38
0 o 9
n 0 o %
04 m 9]
clay o0
| cp
_II—| sand o 0O
.I 1 WS I::I
[ ] o
40 4 o
- WWR
u M
T T T
i 2% 20 15 10 5 0

DCFTR cm/M00 blow

% 3557 AF¥ DCPTe #H4

19 3457914 AF¥E DCPT N % DCPTRe] #Wel& F2stax stdov, &
Hds A ANMEES, AEESH TIES, 2d3 TRESTH FEdTol
FTEEo] WA WS Aosrle ojEgloy, 19 3557 yEhdt At
Fate] ofgfel o] AFHERE DCPT WelE veRdch

il

O AEZ 1 2/30 ~ 31/30
@ AHHEZ 1 7/30 ~ 50/30
@ F3tE  :37/30 ~ 100/9.5
@ F3tet 1 100/18 ~ 100/3
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v, PMT vs DCPT
dAGAed APTs FUASAEAA Az @A DCPT Ny 18 3L
DCPTR¥}9] d##AE 19 35589 355990 2+2F vel A ch
0cm¥*FYPAl EFA ST S AstA A o] @At A= vhe i 2

Es pur = 14.099 x DCPT Ng (B E) (355.12)
Es pur = 13.106 x DCPT Ngy (A E) (3.5.5.13)

TotES] 4§ 4 (B5514)%F o] #fHo] SrtEFE dAAF Fhol T
dte ez uEETh ozl ITP3-29] AlFwddA Fd% PMT7F %50
ojghslo] g riE o] et Ao e

F3tstollA 5749 DCPTR(DCPT® 1003] &4 A #d&) et s AlskA 3 9
Aa(Es)el BadA= Asddse] dAS detdidoyw, dade 439

Ao epsk

PV}
Mo ox

Es pur = 833900 x Npcpr (F3HE) (3.5.5.14)
-0.663 st =
Es pur = 5436 x (DCPTR) (ZF3keh) (35.5.16)
4000 4000
3 ITP3-2 w TP3-2
ooITP4 o |TP3-3
30004 3000 4 & ITP2
7 —~ ITP4
E NE [s]
= g
g 2000 4 S 2000
& g .
- CLAY ' Es = 14.099° [DCPT N] E sand Es =13.1067 [DCPTN]
= 1000 R®=0533 S o ROTE o
o o
o g
0_ T T T T T T T T T U F1 T T @ T T
a 20 40 60 80 100 0 20 40 60 80 100
DCPT NEn / 30em DCPT N, /30cm
(a) FAHE (b) A E

19 3558 PMT9 DCPT Nego
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PMT Es(kgficm’)

4000

4000
& ITP3.2 & s TP3-2
o ITP3-3 o o o [TP3-3
o 1TP2 —~ s [TP1
3000 o ITP4 g 20004 o P2
g 5 P4
=)} iv)
&
2000 4 B 2000
]
WS : Es = 276.6+8.114" [DCPTR] E
R*=0.610 o
1000 4 - 5 1000 4
&
o EEa OO$ B
O
0 T T T T O T T T T T
0 20 40 60 &0 100 0 5 10 15 20 25

DCPTR cm /100 blow

(a) TSE

DCPTR cm /100 blow

(b) &3kt

a9 3559 PMT Es ¢ DCPTR
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At CPT vs DCPT

)

—_
o

BK

Bl

H| 1l

=

=

o Az}

k3|
)=

(CPT)¢t DCPTA]

3

o
=

PR

315
IS

=AU
T

4

S
a

g

A

]

[s)

3 = AT

‘}I:
.

~
;00

a9 35.5.1090

CPTe] Axtet DCPT

-

R

=¥ DCPTZA S} o] yelgglern, 19 35511004

Al
o

S ATt

T
il

A

Neool #HAE

a0

20 24
P DCFT HED
SFT HED

2 oine
m

14

incideq)

DCPT, SPT NEOE0cm
10

30

28
SPTMED

20
P DCFT HGED

O =
m

14

feikgfem®* 100)
10

DCPT, SPT NBO/30¢m
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30

24

qp

20
m SPT NBO

W DCPT HED

&
<19 35510 A% CPT A% 2 DCPTAT 1]

14

gpikofic

DCPT, SPT MB0I30cm
10

1% ¥
aw d% T

"8y

20 4 D%,‘:b' Vo
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30 30

204 20
— £ t e
§: B y
=} LI q = 2.151% [DCPT N_] =4 N
=< p 20376 K = e
& 10 i R= P10
: . - . S f57100 = 2.7667 [DCPT N_]
H R*=0208
| ]
0 T T T T T T T 0 .. T T T T T T
0 5 10 15 20 0 5 10 15 20
DCPT N/30cm DCPT N/30cm
- — - -
(a) A4 T (b) FHn}2A g
20
15
o
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7F. Zd Aol I 7IH AE
(1) Aol 248 ¥ (Casing Oscillator)
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¥ 3621 Aol Aol E(Casing Oscillator)e] A%

MAR SPECIFICATION

K

REM

DESCRIPTION UNIT ARKS

BM-C150 BM-C200 BM-C250 BM-C300

Casing Oscillator

Casing Diameter mm 1500 2000 2500 3000 -

Lifting Stroke mm 600 600 650 650 -

Lifting Force ton 243 314 581 726 -

A Clamping Force ton 197 257 402 509 -
Rotation Angle degree 25 25 25 21 -

Torque ton.m 286 480 815 1016 -

Travel of Casing mm 327 436 546 550 -

B Width of Machine mm 2850 3200 4050 4500 -
C Length of Machine mm 7175 8100 8800 9140 -
D Min. Spacing mm 1610 1950 2250 2600 -
E Width of Cradle mm 770 770 1000 1400 -

Width of Machine

F Excavator Side mm 1400 1400 1500 2000 -
Cradle Path mm 1800 1800 - - -

H Axis Excavator Side mm 700 700 700 700 -
p  Height of Machine g 940 940 165 -

Excavator Side
J Height of Cradle Guide mm 650 700 700 800 -
K tOH%;ltofrgf; oround mm 1200 1300 1450 2050 -
L Height mm 1970 2070 2580 2610 -
= Weight ton 20 27 46 53 -
Hydraulic Power Pack

Engine hp/kW  245/183 245/183 325/242 325/242 -

Pump Displacement cc 112%2 140%*2 140%*2 180*2 -
Hydraulic Oil Tank liter 800 800 1200 1200 -
Weight ton 6.5 6.6 7.5 7.5 -
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wyp | M ey [ aae) Ml
(xx100) psi kg/cmt psi kg/cnt
. 2,200 155 3,000 211
3,400 239 2,400 169
~ 19 3,400 239 2,200 155
3,400 239 2,400 169
S0cm 91 3.300 232 2,000 141
3,000 211 2,200 155
3,200 295 2,000 141
_ 3,100 218 2,000 141
18 3,000 211 1,800 127
2.0m 3,000 211 1,300 127
2,900 204 1,800 127
2,300 197 1,700 120
2,300 197 1,200 84
~ 8 2,600 183 1,200 84
3 6m 2,200 155 800 56
2,000 141 700 49
1,800 127 200 14
_ 2,000 141 0
19 1,800 127 200 14
4.0m 1,800 127 0
1,800 127 100 7
1,700 120 0
~ 19 1,700 120 100 7
6.0m 1,600 112 0
1,600 112 100 7
1,600 112 0
_ 1,600 112 100 7
18 1,500 105 100 7
6.0m 1,500 105 0 0
1,400 93 100 7
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71E B g5 AEE 98m oS AEE AAT A5 diste] A
AA Al AFEE F2(S, Meyerhof &2 % Reese & O'Neill &2])3} )
StAE AdE E8(F, At A 98 HunpEE A oA 3y

= 4 A= H npEsHa A A H)ste] TES) 2o FEAAHS A

@ Ab#l 1
Abel 1ol ols) Aelel @ e sEAAHS & 36230 HERAAT
o714, &Ee] FRvpEH I AdAAH S gatkste] HESA=dH, =49

2 Fwo H3E F ole e pAT ey
¥ 362394 o] xR HAA FA (Meyerhof, Resse & O'Neill) ¥ &

EsAE Al o3 FeAANLL AANEANL L FHE WEG e

o2 e

3E 3.6.23 Atel 19 k84 AE

=3k =3t . _
o _ =3t 3 & A7
71 0] T A ] 2 A & s H) 11
o | PR AR enn | ctond N
m (tonf) (tonf) ton ton ton
Meyerhof & 2]
2632.3 530.0 3162.2 1054.1 (eFAS : 30)
Reese & O’Neill
53.299 2086.4 656.0 2742.6 914.2 884 (FAS : 30)
2733.2 636.0 3369.2 1305.3 Astr AL S
o oo e (A& 25(FH), 3.0(A))
© AHEl 2
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@ 1 onp) | (tond) __
Meyerhof 3 2]
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Reese & O'Neill
53.299 2169.9 682.0 2852.3 950.8 834 (b4 % : 30)
Al kA A 7 g
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Fezd @9 2 [dgn| @ B &34
|} 4 7 sd= |3
A x4 AFER (men|zqe| AT | FSAF (kgf/m®)
5 (cm) (%)
(mm) (kgf/m?)| ©o | O | (kgf/m?) (kgf/m?)fE3A| S2A
45
A 25 |50+ 5 5 440 477 | 41.0 651 970 836 | 2.52
o] 3]
45
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o3&
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kil TS
5045 4.50] 3k 0.3¢] 3k 150¢] 3k 12.00] 3} 300°] % 240°] %%

51 2.0 0.078 12 9.21 370.5 334.6
B 50 2.3 0.160 29 10.00 344.3 308.4
50.5 3.9 0.111 70 10.00 360.8 307.4
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4714, DE e Aolw, p = ghbaAle] fEEAAFOIT AT

>

=7171%71 g, . J2.5D= EE Al = ws A4, pol 202 7pA sk
Randolph and Worth(1978)¢] o+ A= HF¥ 3k H ot}
(%}) API < (1993)

API(American Petroleum Institute, 1993)o A= U TZ2E 3HFE7]% A A A
AALEY F&AS HIsh] fg st o] H4S AAGAT. AHES F
o= Coyle & Sulaiman(1967)¢] =4S AAIStA T APt WE AMEE
o A= vt 2

0.8
= 0.6
T 0.4
0.2
0 } } } } |
0 0.1 0.2 0.3 0.4 0.5
z ,inch

1% 38.1.13 API f<+ (1993)¢] f-w=4

APT 71=(1993)el M AP =S, =4S &) 53 Fastr =29
o] R uEhtar gtk o] Akl Fawse] 492 ssde] de

How sfAsted B AglA ARgs AT

Adslz Aol st (qg-w curve)= ATEA|HE] A=z s Moo ¥k

HAE Uetde 354, Aa7tA B2 d7AE o8 434 e ol &4

i

- 331 -



Hr

oF
T

Gd

o},

Timoshenko and Goodier(1970)2]

E

1

°
(7}) Vijayvergiya (1977)2] #|¢F2]

=}

Hr

A ES} AL AR

-
e

Vijayvergiya (1977)

bl 7t

<

o =

=0

7

A

FEfol .
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[<]

=
Wbmax

e
2ol A

a

19 3.8.1.14 Vijayvergiya®] Awsls

o] 19 38.1.14¢9F #Zo] A
qI'T'IB.X

°] 2](3.8.1.35)

KeR
=]
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=

t}

13 8.1.3.99
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w 1/3
qz( wm) @ W5 W (38.1.35)

4= 4 mux wb>wbmax
A7A, g AdelsE, , I wAAGATE, L= Avusiwelw,
nax
wpn B ARSI FAWAL, =, b WAFEY ALY T
Ade] WelFo® Vijayvergiya (1977)+ 5 AT 4~6%E Ab&st=
=

(\}) Baquelin 59 ¢t
Baquelin et al. (1982)- Timoshenko and Goodier(1970)¢] ®/d3lE 7| =23}

of Aol W@ SF A FHL theel 1Y 381153 o] A%

r 3

qmax

Wbmax Wb

719 3.8.1.15 Baquelin 52 Adstado]=A4

o] mue wE Avte] dFAAEL dAVA-kAsg oz A} o
4 M (bi-linear)®] WElw TAF ACwA, W AMgre] welo] AA WS
W LT S WA AY BHATS M, , w2 ugdME ¢
Aad ASS S Aow T4 Wwiyolth 19 381159 AwaFdol A

= S A weEs, 0 wiefel wer A7t vhae] 4(381.36)¢ o] x4
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[ 4E _
q_{ ©(1—v)D }w” W= bmax (3.8.1.36)

4= 4 mux wb>wbmax

AZIM, p= BEL A4, v Anke] Fopduloln, p= FuUlASAIg R

1=}
n
B 92 TE AdAnte] g AszA, FEPEEe] 4 f-l= reloading Aol

PR AgRT @AM, 4,
=

I
)
fr
ol
ol
2
1>
w
oo
=
w
&
1o,
e
Z
2
1>
lo

(th) Castelli®] #|ot2]

Castelli(1992)E Awke] that ol 24 FHel aFrolFa7 fAbe
A WA FeE M 1Y 381167 o] Aorsdth, o] Rue wE Huio W
S, 7t ThEl wel AuAgE, g AEsHow Trbste] F3 dgdw
A& o Asl7t= e ol

» Qex

a

d

qmax

Kir

v

19 381169 AestEilelnAde wE Awte] W, 0 wele] A8l

=
&9 (381373 2w gy er gddh
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(3.8.1.37)

1K

A7IM,  gre AdEskEdelsAde  =7HA71&712A4  Randolph  and

Wroth(1978)¢] A+ Aot Z -8 4(3.8.1.38)3 o] yepd 5 3l

G
KL= (2 Tr) (3.8.1.38)

o714, Gsi AerAute] 27] AWeAASF, 105 BE woln, R & Aw
Auke] A WPo] FAD 5 o wE Aol WA kel AewA R

=(1.0~1.5)De| t}.

(2}) Mosher (1984)

Mosher (1984)& AREEC] " w5 . #AS AHs7] 28k
Coyle and Castello (1981)2] 145 #dste] 19 381179 ,_,~ A4S Ak
st 4 o 1F 38118 drjziele] S Fo AT

o

1.04
: U SeNSITY 4
c LOOSE o
0 :
0 0.25

Displacement — w (in.)

1% 3.8.1.17 Mosher (1984)¢] g-w=4
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¥zZ/1 - wideq aayojey

50
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)

thziofol uf

yAO

19 381.18

H
A=

a5 7]

(v}) Gwizdala9]

Gwizdala(1984)

1l

I
——

al‘]maxc>ﬂ

17174 =

S

Wp

ay

Wbmax

-~

@1 Omax

qmax

1% 381.19 Gwizdala(1984)2] *
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=", 103< W (3.8.1.39)

1 Wy
a 19 mex
4= 4 max’ wb>wbmax
AZIAM, AWML, 4, = AB81399 A WA o=y ., 2 s

3, o & AEAe] HAAFRA 1259 g& ARk 3 8 Addeked
o] 9 %7]71&7] 24, Gwizdala (1984)= Timoshenko and Goodier (1970)¢]
BAME 722 29 2)(3.8.1.40)3 7ol Aottt

o= nD(41E 5 (3.8.1.40)
71N, pot v 27 AuAme wAAs 2 mopgulelw, = wEel

(¥}) Briaud and Tucker (1984)

Briaud and Tucker (1984)& W& M2 WA= ZAF$Ho =42 A4

S sEe AlFsdh 19 38120004 e S0 A3814De )
s EAH

= "t (38.1.41)
kll + 4 nax q,

@ e = 19.75(N) - (3.8.1.42)

=5.571% (3.8.1.43)

K,=467.1(N) 0006 (3.8.1.44)
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qmax

Unit Tip Reaction — q

oo

Axial Displacement — w

19 3.8.1.20 Briaud and Tucker (1984)¢] q-w=41

(A} Coyle and Castello (1981)
Coyle and Castello (1981)= =@ 3812104 , & A&

38122014 A& FHeAT
)
0 50 100 150
0 n
10 AN
20 AN
NN
£ 30
SN
IR
%0 SRS
8 (Deg) = 30 31|32 33| 34 35 368 |37 38
60 ALY VD \

19 38121 Frfzielol w

il

G rrex
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1.007

0.754

a/Amax

0.404

0.0 Ly i i i
0.0 0.10 0.30 0.75 1.00

Axilal Displacement — w (in.)

719 3.8.1.22 Coyle and Castello (1981)9] q-w=rA
(o}) Baquelin (1982)

19823 Baquelin 5 Timoshenko and Goodier(1970)¢] ¥4 &S 7%= 3sf
o] Agte] Ut stF Ao FHE S 17 381237 o] AtEr).

qmax

Wbmax Wb
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o, BT e WS AFBAAES s,
Axd ATL S Ao FAD Weld ade THL TE Mo WY

% 0 WSOl nhe 47 e Mo xdE F vk

AE
= { n(1—v3)D ] Wo=W (3.8.1.45)
4= nex Wp? W pmax
A7IA, pE TES AA, v E AN Topgleln, pE FUAIATLR
FH AL 45 AaA|nke) aAdAFEA, FELSY A9+ reloading2] 9
A, dAEfE IRl Ao ZVIEAASHS A&t AW S,

0 T gmg ® B0l A1(38145)9) 3 WA Ao ziE T

(#z}) API <= (1993)
API(American Petroleum Institute 1993)o A= slYT+Z2E 7% AA A

AHuEe] ¥ B A HFA0l FHS ANSFAL. APLFFe

0.2 0.3 0.4 0.5
z/D

19 38.1.24 API 7F<= (1993)9] g-w=4

API F<=(1993) 0l A
A=

a5 e AAES AR BAge] LA AN

(%}) Reese and O'Neill (1988)¢] s} o]

Reese and O'Neill (1988)2> %2 dAAAjstAl g AuE Fdsle] HEA A
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(7}) Castelli (1992)
Castelli(1992)= Ao tjst stz Holatds FHe shs o3 fFAFsH
A =4 FEEA AR A7l AE pol de FHstEol e A

¢k 2A p=(1.0~1.5D% TAUTH

% 71E AYAAY 47
2o A& AAVEE 2ASE T gHel 48w 480 B

4
A 5e BAsel Bt AARRE Ftol AgAsd AAWES AN

TEGHTE AR G hutel Mo A A AW, 2ea T3

TIE 5 TEGHI =T FEA Y] A A H Ao s o] &
A =

T(2003)S wASY A, =9 AAVIFSEZ American Association of State
Highway and Transportation (AASHTO, 2004)¢} Canadian Foundation
Engineering Manual(CFEM, 1985)< A3kt 2 ¢ FHWA(1999)<}
TxDOT(2000), Reese and O'Neill 52 A+ HuAolr A7s o8 7} A
A A wHe AYsdnh. 53] FHWA1999) ol 270" IGM A ¥ke] 7}

e BAste S@uete] Favd A4 sed BAES Astar] 99
428 A5S o8] AAPE FAuT 1 FES wa BAes Uge
EEEEN

(1) AFAEA ko] A kx| %] &
7h A7 =
O TFEE7x AA7=01997)

ARE AW B ool BE et 2 HoE T¥ & Yk

Qp:ov’Nq (38146)
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3 3.8.1.2 AHAE A 9 qp-‘ﬂ F %13k (Reese & O'Neill, 1988)

A A o
0~75 120 iy
75014 90

@ AASHTO(2004)

AASHTOQ004)o1 = AFEE Q]
Meyerhof(1976)2] #H3} CPTE ©]&3%F Nottingham and Schmertmann(1975)2]

AdAAYG S o= HHe® SPTE

Mg e 9o,

* Meyerhof(1976) - SPTo| &
I J Tt ©@9l+= MPao|t}.

of WHE AAES MAYUED HET 5 9

T

qu%é ; (3.8.1.49)
o]7] 4, NW=[O.7710g(‘]6‘9,2)]N (38.1.50)
N A oo mAE wEAGR e g4 SPT (/300mm)

1

TC 3L
p=9%° A4 T F

S, AHEEAAE 04y (MPa), Hl2A HEA olX= 03y

* Nottingham & Schmertmann(1975) - CPT©] £

| e AR ARAAYe P

[e] A= =

O

19 38.1.2601 EAEHO Y= A
AelA Lol Meks vehm the g g AAg
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F(Nottingham & Schmertmann(1975))

A X
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e (Canadial Foundation Engineering Manual(CFEM, 1992)
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(3.8.1.52)
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(L}) o] &4

@D Meyerhof(1976)

ARG A BEe] A A 2

rir
1=}
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X
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FART 29 3812791 vEhd 2w o] FA® FolA - oItk
B

Az B8 A g_golnw

Qy=A,a,= AN, (3.8.1.53)

% = 4

)
L/D=1,/D

¥ 381.27 AR ARkl A o] whe] AebAx]H o] st

Fo] vhEZH (gl HF grol #E& W 3812844 dERHI Sl aeu, o
B OAAR A5 E2HEAE SETh aEBER, 4681543 2ol verd S 9l
o},

Q,=A,dN <A, (3.8.1.54)
=3 A AH e o 2o
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q,=0.5p ,Nan®’ (3.8.1.55)

o714, 5 — B719H 10 t/m’)

g AAF FE PR

Meyerhof(1976)= @4 AS5& <ARZ, A3 APHAE( 7 )oA S8 A4

5 [e]

A(,)e BRRAAGARNE 92 5 Arkn Ak

61/:0-4Z9a(N1)601,5 <4p,(Npgo (3.8.1.56)

1000 y
800
m _[
ol 7
200 ,//
4
lm ,j/
s 77
V
- o 40 _r‘/ /
Z Ny /
2 > y,
s o2 i
2 AL
- A Ing
10> 7 q
8 7
) 7
4 4
2 / \
1
0 10 20 30 40 45

Soil friction angle, ¢ (deg)

17 38128 #9| vhzel mwE pnrok ol Hdlwke] L (Meyerhof, 1976)
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@ Janbu(1976)

Qy=A,c N+ 4q'N,) (3.8.1.57)

S i Autel N Thawe] MRt shg st Asta

Ni=(tan® 4V 1+tan’d")%(e? =) (3.8.1.58)

N;=(N;—1) cot®’ (3.8.1.59)

7 e mAHow gels yath AR oy gtol 60°% Wl =uE Al

AEAAM= 2 oF 105°H=olt. AFolA A&Aol= thadt 22 ® e

X
>~
=

60°<n’ <90°

7Y 38129 W Awe] shalopy

Og EE gy o60°, 75, Lela 90° W arsh nrel ghe vhehla glvh
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P~

3% 3.8.14 Janbu®| A A A S

n,=6(° n="75° n=90°

¢ Ne N, N N, Ne N,

0 574 1.0 5.74 1.0 574 1.0
10 5.95 2.05 7.11 2.25 8.34 2.47
20 9.26 4.37 11.78 5.29 14.83 6.40
30 19.43 10.05 21.82 13.60 30.14 18.40
40 30.58 26.66 48.11 41.37 75.31 64.20
45 46.32 4'7.32 78.90 79.90 133.87 134.87

@ Coyle & Castello(1981)
Coyle®} Castello(1981)= AFEE H|wto] EFYY

AR RE, ALE Aol g3 o YL Ashach

(3.8.1.60)

a9 381308 p/po FO hEZ(gl mE pol

k.
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A7 A, N

10 20 40 60 80 100 200

T TN
R
L

Ty

32001 36° /

v L/p

40¢
¢ = 30°)/ 34°|/ 38°

I

70

7 38130 p/pol W pel W3} (Coylee} Castello, 1981)

@ Vesic(1997)
Vesic(1977)8 &5 3 #(expansion of cavities)o] &< </ E AdxxHS A4

St HH S A orsl St
Q,= A, (¢ N+ 0y NE) (3.8.1.61)

A7NA, o, —TEAG Ao A Auke] PiF FE AHLH :(%Ka)q,

3N,
N=T (3.8.1.62)
N.=(N,—1)cot &’ (3.8.1.63)

Vesic®] o] &0 uwp=1

No=A1,,) (3.8.1.64)
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A7NA, ; _Fo] wad FAAF _—L (38.1.65)

(3.8.1.66)

A="5 Adtole) 2 GqolM ] Ft AY AFE(EET EefA| ko]

h 84 R

U Eshd BRI, a_golB® o)

Fol A2 A4 2B ol WE gsh g @S B ANGAT g
2w (1] ) 5= ),

Nﬁ:%(lnlw-l-l)wLE +1 (3.8.1.67)

9 FTF I
e 70~150
AE 2D A E ()AL 50~100
HAEM] 8] 57E) 100~ 200
(th) A 2dAAE o)Lk 42
@ Meyerhof(1971)
1.3N_,..D,

AN, N _FASE el RAF Ak
Eﬂ]g} 73% Qd< ]-3Ncorr
A

76]% : Qd< 9-6Ncorr

@ Reese and Wright (1977)
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EEAUADEPE NS o F5tol e e Farach
q,=6.4N N=60
=380 N<60

@ DeRuitere} Beringen(1979)
Schmertmann(1978)° 2]3] =4 ¥ Nottingham & Schmertmann(1975)2] W ol

OCROl whe} prats &el A83he] Fahis & Algkskal
_{eatan) oo (3.8.1.69)

b
4= 2
A71A, 5 =71 (10t/m°)
DeRuiter9} Beringen(1979)& ELej A Rkell A p-gh-& th3-3F o] A|<ksh sl
- OCR(overconsolidation ratio) = 19 8-, p’'=]

- OCR = 2~49 4%, p'=0.67

@ Shioi & Fukui(1982)
Shioi & Fukui(1982)& AWt} Z&o] &elo] upah =2 oS3 o] At

o},

(® Bustanante & Gianeselli (1982)

4= Ao (3.8.1.70)
o] 7] A, Gdap:%ﬂ@ o ZHY A A
kb:@aﬂ;‘gl?_l A A5 A

o ge el osA Ade = ik
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[e)
T

L ESAdel Mg s 15 pob - 15 p velM e ZadAdA = AH
2. 219 3813161 £AH Qelgkel A G, 1o HEFe 47
3 q%}\_oﬂ 1 13Qc( @) ‘—4' E—Cx__% %}]\-‘T’/]‘ 07qc(ay) q— ‘51{% %}]\-% X‘ﬂ7%—§l—q—
4. F2 FS "Hetel 1 g =2 gt
(7 e
Briaud®} Miran(1991)+ HEY A EX| g A o= &g 2y A2 urd 4
RS 03752 Askaelh
[
| 07qf(ﬂ\'J | 1.3¢, av) |
o I ! 1

e ™

19 3.8.1.31 Bustanante & Gianeselli (1982) ®™

® Briaud %.(1985)
Briaud 5.(1985)2 X 2| x| vkl A o] w9 kx| %]
=

g= THET ol Alskasl
a,=19.7p,(Ng)** (3.8.1.71)
A7, Npy= FEEHPA (T Aee] Gt g

@ Reese and O'Neill (1988)
Reese and Wright (1977)9] 215 43t o33 &

rlo
i
o
N
"
_O‘L
3R
v
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q,=17.5N
=430

(2) AFHEA] ¥ FHn}zke
(7}) A7+
O FE=E=AA7F1997)
A EANE 002 R

fs = Ksoi’vtarIS

(3.8.1.72)
oA7IM, g 1 EHFH g
ot

N<T5
N> 75

5]

I, SHnpEy = A AP oAz o A% Zol7A= A
AA o s Z7 et o] o] olatlAE T =72 W23 e X s
o @AZel=AN [ _onpE A& G
% 3815 BEEuUnAY A4S 9% EAAS

TC K
o5 Y H e S

B HY S 0.5 10

EFSI X S5 1.0 15

EFQ 2] 3ha) 7] o 5 15 "

AT S 0.4 0.9

Z AL (B<1500mm) 0.7
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I &e] w5 (Aas. 1966)
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AAY FAYYH S Z Meyerhof(1976)7F AlFst Wi S

A8t T,

n NG()

fs:

5|
pud

AR

tol 60%= HA

)

Mo BANUAEES A2

olu
H =

£}

/m2

N<10t

n=J5-, 714y

el

Al nol AHgH

ki3

of wet Aol

T =
a5

)

dH A A

ol

H

SEEEBEER

T
T+

2 A A 7]15(2001)

b

@

ol

Y

B
N

N
B - Z;(YZZQ B - AZ

(3.8.1.73)

Q=
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A714, B, = 1.5—0.135V Z;; 8>0.25 (3.8.1.74)

ze A9 BFe FUR GANA Aololn], (= golAe] fEWS] FHe
2 MuRARE AFstel AL SPTUY B AN WEte] Fe)
228 afolol o Qo] oldlAel wel F# AFW MALd v gl
0,2 W oew o FAGE 4 por ol
@ AASHTO(2004)

e SPTo]&

- Meyerhof(1976)

MPa @9l Al dA&go] gle Fo <94d 459 3% FHrtagde o5

ol Fofxlt
- Driven displacement &%

2,=0.0019N

- Nondisplacement &5 (o], H 874 Z5) :

a,=0.00096 N
o] 7] A, g - driven W50 9] FHvlEd (MPa)

N ET(EA) SPT eF4 4 (3]/300mm)

e CPT©o]€ - Nottingham and Schmertmann(1975)
N Al A E5e] 3 FHrbEAEHe 34§

ML
QSZK[Z(8D )fszaszh + Zfszaszh

L = QZK( s NILAf.hA_F .Nz h)
-, W s 8Dz§ i) si?%q aszZ;fsz i

A7IN, g =WAAF 18 3813204 AEREANNE g
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L=22d A do] kA FgelA Zol(mm)

p=2128 Ao w5 F T A% (mm)

fy=22e% Aol el CPTZHE S unit local sleeve w2432
(MPa)

ay=2221F A A o] T pile &9 2ol (mm)

p=212% Aol Aol Aol k4 (mm)

N =A1ER A A ofefe] A 8D Afele] kA9

Ny=713EH ool A 8D} W] & Apole] 7hA ] 4

Ks
0 3
0 1.0 2.0
5 L r‘ "~
"
7.7 #
i/ ///
15 /

20 1!

25 H

!
!
30—
|
i

Pile Depth/Width Ratio =Z/D

35—
40—“

Begemann Tip (Mechanical)
—— — Stee|

- Concrete

Fugro Tip (Electrical)
Steel

== Concrete

For K_ Wood use 1.25 K_ Steel

a9 38132 BAAF gl gk

@ CFEM(1992)

q,=0,KMtand’ =Bo (3.8.1.77)
o] 7] A, g A%HE Us AT AT
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g #e AdAgz AR, Anke] hS54 3 AnkgHe] dFdH, 17
i EEe Aol R o&f dFE werh g dFHELES) Fo ddAF
zbap ol Frbetty. il WS A F7hekth. displacement-type 25 ol
A gE H-253 Z-Elow-displacement-type R T Atk B ¥ 54 o A
k= W BAERAST gok 2A F4
A K‘ST‘:‘ BT ]Q)HL"] Tl 2 FA S} tapered 5ol A K%’}‘?— 30% ~50%°ll
o&l] HAAZIT

23 w5 AXGAGT ge U =2 Poulos and Davis(1980)9] =1l A
BolE thg ol vEbd 1A [ 020~1.59 el sl

3k}, driven displacement-type & 5ol

& T & A Ep A T Driven &

HE 0.2-0.30 0.3-0.5

=3 2 0.2-0.4 0.3-0.8

=7 29 0.3-0.5 0.6-1.0

z3 1) 0.4-0.6 0.8-1.2

piay 0.4-0.7 0.8-15

SPTE o] &3 Wwor Fx2E7|Z AAVIEHA©2003)A4  AA
Meyerhof(1976)¢] W& A& o 0 #s JEESAA= 28 23 A

THEAME 1S &va AA AT

SPTE o] &3 AHAES] A8 Aol s AASHTO(2004) ¢4 A A|
¥ o FREV|Z AAZE AAQ003)A AAE HES wee EFol
S8 1} Meyerhof(1976)¢] MHHS A ¢taslar ¢l

(L) o] &4

D Touma and Reese(1974)

Touma and Reese(1974)+= E AR Zo] <UE Zolo w2 FHEATE
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fllo
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ol
ol
2
=

f,-ZKO;,tanq)f<24

@ Bhusan(1982)

f=Ko, tan®

Bhusan(1982)+= & ®¥ <7} @Ast= B

et 2ol sk AT

K tan6=0.18+0.0065D,

A=l

K=0.5+0.008D,

471N, p, A DE(%)

@ Reese and O’Neill(1988)

AxzRE el Aold] U@ a5 ALAFE AAsel FunpREe 44

Akl e 74 8.

f,i=Bo,/<19 (0.25<B<1.2

A71M, B=1.5-0.135%x10 Yz

(th d&Ad 2aA

@O Meyerhof(1976)
Meyerhof(1976)2 B} & 55 of A] 2]

i
o
ofo
o,
o
oo
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(3.8.1.78)

(3.8.1.79)

1 ulk
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i
N
0,

ol 4§

ul
19
)
o
>
ftlo

(3.8.1.80)

(3.8.1.81)

=

il
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(3.8.1.82)

(3.8.1.83)
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H7F 2 e dE fdv=0.27 (3.8.1.84)
Wo7E AL BIUE -, 0N (3.8.1.85)

Qs=pL S (3.8.1.86)

@ Reese and Wright(1977)
N<53d w ¢} 53<N<100¥ W= F&3}o] A2 S A A3t

fi=0.28N, N<53 (3.8.1.87)

f:=0.021(N—53) + 15, 53<N<100 (3.8.1.88)

@ Briaud et al.(1985)
Briaud et al.(1985)2 Z = UAIA e @ FHnz=Eo] b33 22 A7
7F dohar A Qkel st

—

f=2.24p,(Ng)"? (3.8.1.89)
2} A

Q.= 2p(AL) f=330.224p p ,(AL)(Ngy) - » (3.8.1.90)
TR Aol A, AEEEBAATA(N)E S F AT o] A9

Q= pLfw (3.8.1.91)
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017] }\‘L fav=0-224pa(N60)(¢)l.029 (38192)

(3) AEAe] Adkx]A
(7h AA7%

O =4 A7=1997)

s 230 235 HJAE ARteM = ¢ —golBEE gEd 22 How F#
A w Tt

ap= ClVe

AAHA T a7 2] &, FE B2 Aol e we ofd 2™

Skempton(1951)°] A|¢kgk pgkQlHl, B57]x9 A =2

[e)
o
APewolm wul EF 4ol gol BT, N _gF 4§T

Z'..‘
il:
r\— o> P | |
< LI H}HH[.
e 3= F B, ! —
?
NGHER) s .
N =[c-8e+0-16 I_{]
1 I 1 1 1 | |

0 1

@[~ N

9 381.33 AAH A N, (Skempton, 1951)
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@ ==2a dA7|E &14(2001)
AA7)1E (200D A= vlmFEAlstRAdd A HAAE AXE dAXEA

o AEAAHLE 5 Ao & 5 AUt

Qp:CuNc

1714, N.=6.0[1+0.2(D/Bp)l’ N.<9
BT AAH(, N .5 )0 EARE 80ksf(390.6 t/m2)E AFE T ATk
9

o0 dhe @
Agolnt vl dA Eol et A AB o Fatolok drh wel, WEA
Folok gt

& Hgate] FauAABAAY
4y=F, " q,= 25/[a - BJ12+2.58) * 4,; q,<3%0.6t/m? (38193
1714, a=0.0071 + 0.0021(D/B,); a<0.015 (3.8.1.94)
b=0.45(s)";0.5<b<1.5 (3.8.1.95)
@ AASHTO(2004)
K LT

AASHTO(2004) 0l A = Meyerhof(1976)¢] =] ]

AASHTO(2004) o1 A =1 & ¥ 749242 Nottingham & Schmertmann(1975)2]
P2 AQbetAth o] S BE

Adsa got 3t ake] FEEORT YT

Fol A A gol kg stk A H o]l

e Meyerhof(1976)
vl AEi(p=g)e E3tE FHE #AUH L5
Meyerhof(1976)2] =3l o|sj pAr=97} S ==,
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=9c,A, (3.8.1.96)

Q ]VZCuAp
oA71AM, o ZEE A ofeiFHe] Hlj A=

e Nottingham & Schmertmann(1975)
Tl 381.3400 mAIFOl A= A Fo] Wi MHukd] dFE 4 FHE 8p
Mool o WEkE YeEhdTh aela veat 22 HAE AT

1. 25 AdaA sz YD o]zl 3o qc%z}% Hitrskth, o] A&
a—b—c3 &0l oA HAAgH. R olF
7 2)9] qﬁk% Eigsia=s 0'7<y<4°a] 35 qﬁkg 3t

NE P
2= AAsi

— d
o w3l
n \./gr |
——
4N

9 381.34 ZE Ak E# AAbEA 2 (Nottingham & Schmertmann(1975))
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o
>
o

Schmertmann(1978)2 7 E ] qkof A qp0ﬂ #Asle] &y
s

4= R&W ks <1508, (38.1.97)
A71A,  p ot ARFE()S FREA, BaAS

Q_l:]
p,=R71% (10t/m2)
Schmertmann(1978)2 p ¥ kel #7& & 381.8% YERHATL

¥ 3818 R @el #i

R
1
0.75 0.64
1.0 0.53
1.25 0.42
15 0.36
1.75 0.33
2.0 0.30
(W) o] &4
@ Janbu(1976)
Q,= A, Net+d' Ny (3.8.1.98)

WEA G 9l Akl A whawo] MR gt AL

N,=(tan®” +V 1 +tan20")2(e 2 @) (3.8.1.99)
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N.=(N,—1) cot®’ (3.8.1.100)

HEANM = o 60°2 3

Z} 0

e =

i Uty AT AEAdE e 2L WA Agss Aol nads)
=

60°<n"<90°

)

9 381.35 HE Aol Rt

s Ee g =60° 75°, 1Al 90°d W pArek Aol fte WER AL AT

¥ 3.8.1.9 Janbu®] A A= A
n=g0° n="75° n=90°

¢ Ne N, N N, Ne N,
0 5.74 1.0 5.74 1.0 5.74 1.0
10 5.95 2.05 7.11 2.25 8.34 2.47
20 9.26 4.37 11.78 5.29 14.83 6.40
30 19.43 10.05 21.82 13.60 30.14 18.40
40 30.58 26.66 48.11 41.37 75.31 64.20
45 46.32 47.32 78.90 79.90 133.87 134.87

@ Vesic(1977)
Vesic(1977)& &5 3 A (expansion of cavities)o]| &S 7=

FA o

ol

g W Al

]_

ol
s
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Q,= A, (¢ No+ 0y NE)

(3.8.1.101)

o] 7] A, o =TT Aol M Awke] Fit FE AHEH
:(%Ka)q' (3.8.1.102)
K):Xg AELAT =1 —sin¢’
N, N ="1AE A
3N,
N;= (1+2K,) (3.8.1.103)
N;=(N;—1)cotd’ (3.8.1.104)
Vesico] o] &o] m=wH
Ny=A1,,) (3.8.1.105)
ANA, o Fel ad g =L (3.8.1.106)
e E G
_7]—/HX — — S 8.1.
L="ce 1% 21+1)(c +4g'tand’) = ¢ +4'tand’ (38.1.107)
E =% &
p = Eopdn
G,=%0 AaAs
A="EE Aoty Gl ] Hi A MPE(FLUS Ry uke]}
xstyE HEAA, A OO]EE -[V:IM’)

Fol gl AH wRAz(YI ol we
p—02 (a1 H 5 ),

1v;=§<m177+1)+§+1
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9 FFH I
sl 70~150
HAE 9 HE) ) 50~100
AEM] 7)) 100~200

@ Reese and O'Neill (1988)
Reese & O'Neill(1988)2 HIHlFH G =()7F 9.6t/m" o] 4] HE A yH
AxE AA(p 1,900mm ool Fahwko] A 2 Hy wE A4
of digt AltAS AAISFATE. Meyerhof(1976)9F frAFSE 2o =X SAAE

430.6(t/m) 2 A 33} o},

a,=N,c,<430.6 (t/m) (3.8.1.109)
AZIM, N.=6[140.2(L/B,)]<9 (3.8.1.110)
(th) dZA " AoRAE ol &3 4
@D Bustanante & Gianeselli (1982)
Gy= ooy (38.1.111)
o 7] 4, Qo= TR T THAAZA]
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3. G#oIA 13, Brh e gt g7, W} e g A7)
4.9 Lahe BEHd 1 ge 2 )

S

qc av)

— D ™

i

19 3.8.1.36 Bustanante & Gianeselli (1982) "

(4) AEA ¥te] Fwu}lz
(7h AA7 &

O FE==4A71=1997)
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IER=
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o ulu)
o o

API®] 5412 X143t Hunt(1986)].
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(3.8.1.112)

2HH 1 D

Al gkl

i

0]
yul

fsivq]

2

AR ¢ Aol

Lx}

e

A

p2s
97}

- Reese & O’Neill(1988)

pS|

1—sin®,V OCR (FHHEHE)
—Bo,

o
=8 W

]
“

Ktan®,

fS:K OU,(DV

B
zi ol ol A

H] vl 4= 2= 71 of) A
of ekl

WORRE 15mAA Sl vhd

@ ==u AA7]+(2001)
49

hyA
3t

ol

R
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3 38110 % fsi-"/] F3%k (Reese & O'Neill, 1988)

714 otk stz el @AR, s, (ksh)
ARUSZRE 5 ft7 o714 0 -
dEddo w2 1D 0 -
To9je] WERE 0.55 55
« WA HAH A FHEFo] Agste] AWt AA LA A5

o= o ZHold =

1 ksf = 0.488243 kgf/crf

@ AASHTO(2004)
AASHTO(2004)° A= Tomlinson(1987)—

AR S

W Vijayvergiva®?} Focht(1972)-

Q.Ho]—tﬂy

Aestar dtk. AASHTO(2004) ol A=

Esrig and Kirby(1979)- g%

CPTZE o] &3 Wy o & Nottingham Schmertmann(1975)2 #| Al 3Fa )t}

e Tomlinson(1987) - 4%

Tomlinson(1987)2 v 22 2 & A ots
qs_asu
o] 7] A, s, =33 vl A3 = (MPa)
a= 50 ALHE F2H A

o2 (WHges Gy AA T SdE Ews
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Uncrained shearing sirength S in kN/m?

IOOC 50 100 150 200
I “‘i'-.,_“ -‘"‘h\\_‘_ Dp=less thon 10D —J
g ors| i e s e
'E [P 'l Dy = ;lgr:aofer
i | =
£ 053C T <1/ thon 40D
3 1 Bt
5 025 L : i D
| —
0.00 : ' !
0 1000 2000 3000 4000 5000
Undrained shearing strength S in lo/tt?
Undrained shearing strength S, In KN/m?
c 50 100 150 200
1.00 B B B
i |
s 0.75L__ >~ i !,.-Dg.,:Iqrecfer fh::n 200
T F—— S
g -r----7j___
_Q 0.50 L . il ]
i e o100 | |
O S 11
2 0.25 I-:-... f— L b __L:
| ! | Faiess
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Undrained shearing strength S in vt
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g 6751 i ""-.,\1 ", i i
= [ hiS ‘v—-—{-Db= grecter
§ 0.0 Sy i fhen 400
- N T
{ S ! ‘.""‘q. i
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R
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19 3.8.1.38 Design Curves for Adhesion Factors for

Piles Driven into Clay Soils after Tomlinson(1987)

e Esrig and Kirby(1979) - g%

FESH AT P AN
fi=Bo,

AN, oepdl e
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5[- ] | [ T IT| T
| -
: f )
! £t
5 L
[ B ‘ g::}n" =
4| °R[Firz0]rire0 J ke
1| 34 | .28 ‘ /7
L 2| 46 | .45 & o
NI AT R 4
S 16 | 2.06"|2.30n i S
Sk *[3 exceeds limit L o (o &
of 2.00 | q\"
2
E /ququtw =5
| limit for
oJ Ll 141l t L1
! 2 5 10 20 50
OCR

7% 38139 g Versus OCR for Displacement Piles after Esrig and Kirby(1979)
gl @& g HJeor 7 4 gl

A7NM, ¢ —nTE HE| s wH7}
K=EA+
efd oz QS gt tdZow Abgsry
)

K=1—-sind, (Bia42Ad (3.8.1.116)

K=(1—sin® gV ocR (H4EHE) (3.8.1.117)
Aol AW, A4 vhd AFR e g o] AEF 5 U}

Q=2 /PAL (3.8.1.118)
e Vijayvergiva®} Focht(1972) — N4 ™
25 Blez furE el Wk ok ZeldAe T FEGS FHA

[e)
o
o, Freks] Funld Adele gev 2o

ru{o

thar 714 8k

Fw=M0, +2c.) (3.8.1.119)
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AELe el 29 gold] uheh WMatne, A4 vhd FuAFHE et 2
PN

Qs= pLF 4 (3.8.1.120)
0
0
10
20
[ ]
B
30 .
L] LOGATION STMOOL  SOURCE
DETROT (a] HOUSEL
n MORGLWTA . ANSUR
Jo CLEVELAND [a] PECX
40 ORAYTEM [ PECX
romTM SEA e g s
LEMCCAE [+ WOCDWARD
! STArawORE L4 TOMLINION
| ¥ ORLEME a sLEs3EY
! YENCE L] ue CLELLAND
! . i ALLNCE L] e CLELLAMD
| 1 o ogowvnle O CARRAGH
- | s HOETON 0 e QRO
| © N Fapccs SEED
Ll IAMSH COLLMB & e Caumon ———
& FLRNSIOE a PECK
| [
| |
60 | et
L]
r | ke

1% 38140 WE] g dolo wpE o] WM3H(Vijayvergival Focht(1972))

e SPTE o] &3 ¥W - Nottingham¥ Schmertmann(1975)

N9l Aol A wEe] 37 FuuiAAREe oAy Fojd 5+

(3.8.1.121)

N, Li N,
Qs: Kc[l;(8Dl )fsiasihi—l_ l;fsiasihi
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N, N,
-, Qsch( 8D ;Lifsihi_f—;fsihi) (381122)

A71M, g ="1" 381414 A= HAGASF
L=22% AHolAe] o] kA FgolA zio]
p=212% Aol wE F E= A
fy=288 Aol o] CPTE5E <] unit local sleeve vFEA 3

(MPa)
ag=2r218 Al o] 25 pile =@ 2] (mm)
p=21v% Aol el dol k4 (mm)
N=AEH} Az ool 4 8D Abe]e] b7 9

N, A EW obelel W 8Dt WEo] B Apolel 717e]

<
T
fsin MPa
0 0.1 0.2
1.0
K, \
\\
0.5 >
) .
o]
- Concrete and
wood piles
Steel piles
Use 0.8 f r from Begemann
Tip if in high OCR Clays
a9 38141 »AAAT
@ CFEM(1992)
e WeY - fESY P2
AoAe A¢Y Juoriy & JES wuF AR & )z o
u
AAE 298 E59 XAHES st o] dwbAel ##E AT 9
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@D American Petroleum Institute(1984) — ¢
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@ Randolph and Murphy(1985) - ¢

o e

100

(3.8.1.123)
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Q=2 PAL=2lac, pAL

(3.8.1.124)

7Y 38143904 oS FEAH S0l
1.2 T T T !
1.0 —
08 1 Randalph % —
Murphy (1935)
c o6~ .
S §
04 | TThee—
0.2
[y S - | l 1 ] | -
0 0.5 1.0 1.5 2.0 2.5 3.0 A 4.0
(.'“
o,
% 38143 (o0 WE ofke] W3
(5) kel AekAA =

(7h AA 7=

O =4 A71=1997)

obubo] 9l Zy@Ee] FIAGAAH A= oot e FFPAL
Ab-g- et
P,=140q* = AP - AP (38.1.125)
714, p, ¢ ddEEe] S3d A A) 2 (ton)
g, - SRR ASAEAE (¢ m?)(q,<10004 m?)
A BRTER] AT oA A () (1Y 38144 FE)
A AR AR A (,n(1E 38145 FF)
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A7l 4 (2001)

A
=

@ ==
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2A

A

’

A Ao 2y

)

F& A9

ks
T

Ht

S ok

(relaxation)

+ ek,

3 +&

i

bof, e Al o

S

sl of

|

(3.8.1.126)
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N, = FAel =53 AXHE Hrrer] 91 Aol ® 381115 AR
A7IM, ok EEAG o Dol AHE Aol HiE A4S

Foly, djddewiy AAsfoF gt

®O38LIL w4 Ei: Aed g 99 v)xse] FRAAH AAL A AT

N, 2l #k(Hoek, 1983)

Rock Mass RMR® NGI® RQD® Nene™

Quality General Description Rating  Rating (%) A B C D E

Excellent Intact rock with joints spaced 100 500 95-100 3.8 4.3 50 52 6.1
> 10 feet apart

Very good Tightly interlocking, undis- 85 100 9095 1.4 1.6 1.9 20 23

turbed rock with rough
unweathered joints spaced 3 to
10 feet apart

Good Fresh to slightly weathered 65 10 7590 0.28 032 038 040 046
rock, slightly disturbed with
joints.spaced 3 to 10 feet apart

Fair Rock with several sets of mod- 44 1 50-75 0.049 0.056 0.066 0.069 0.081
erately weathered joints spaced
1 to 3 feet apart

Poor Rock with numerous weathered 23 0.1 25-50 0.015 0.016 0.019 0.020 0.024
joints spaced 1 to 20 inches
apart with some gouge

Very poor Rock with numerous highly 3 0.01 <25 Use g,y for an equivalent soil mass
weathered joints spaced < 2
inches apart

{"Geomechanics Rock Mass Rating (RMQ) System— Bieniawski, 1988.

DNorwegian Geotechnical Institute (NG1) Rock Mass Classification System, Barton, et al., 1974,

PRange of RQD values provided for g 1 guid only; actual determination of rock mass quality should be based on RMR or NGI rating

syslems.

“Value of N,,, as a function of rock type; refer to Table 4.4.8.1.2B for typical range of values of C, for different rock type in each category.

¥ 38.1.12 A7) FolA AFELE 93k ok Bl e A

Rock Type Description

A Carbonate rocks with well-developed crystal cleavage (dolostone.
limestone, marble)

Lithified argillaceous rocks (mudstone, siltstone, shale, slate)

Arenaceous rocks (sandstone, quartzite)

Fine-grained igneous rocks (andesite, dolerite, diabase, rhyolite)

mig|la|w

Coarse-grained igneous and metamorphic crystalline rocks
(amphibolite, gabbro, gneiss, granite, norite, quartzdiorite)

of FrhielA gHel A} 2 GepAA HwW Haghe Agser @
ool e A APoE ofd) EE AST F Atk

=
BYF Alm g o g B Bl U@ o gnch 4

- 381 -



% 38113 oHe] FRol W AFUGFHAES] B

FHEF AL o4 v oy
kg/cm
2 uioky AR A EZulolE 336-2150
A A3 245-2940
HAHE 7] St S EEE] 3852450
TAHNESS 294-1470
HEF 14-84
o] 3] ¢t 532-1960
B HEZAL ELA 245-2450
n| ARt 98-1190
A 70-357
R 1470-2100
78 AA T} okt Al 336-2240
C ARk 679-1750
HAE 713 AFE A TFoF 630-3850
AEd st 4484 QHAkY 980-1820
b o} ] A5 217-5810
A 1190-2800
ke o 1260-3150
z A o] 344 ok} A vt 245-3150
E 37 < 147-3430
wAgstel 244 44 [ mgume 05 080
bik] 93-1470
At 18204340

@ Canadian Foundation Engineering Manual(CFEM, 1992)
cFYASAE A ol §
FUAFAE APES o]L3t= Aoz ohube] 2w HTIEo MukA sl

e st 4 A

q4=Ky(p1—po) +9, (3.8.1.127)
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(3.8.1.128)
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gltt.

o7l M g 2™ AAUH Ag g = HEe Aom, EdSH] HA

o 2 A)ze] FEF

g HHgel s 2 Fol FHEolAY £& sl ks oF dh

0.5

VALUE OF K

0CI 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4 1.8 2.0
RATIO c/B

77 38146 AAAAT g,

@ AASHTO(1996)
Eaal AAZE 4420014 AASHTO(1996)¢] BRi< i ¢

off

AT

(th) ol &4 3 B4

D Peck, Hanson and Thornburn(1974)

T2 AA7]E(2002)2 US army corps of Engineeringol| 4] AR89 2o &
Peck, Hanson, and Thornburn(1974)& 1% 38147914 HolF RAAYH &
HAA G I RQDAMe] o] BAA #AE Altstdtt. 1 As #A= ddstA
U, 1 QX9 dHET WA deA] & EASAS de vedoeE 542

2 s
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ALLOWABLE BEARING CAPACITY, s

| 1 ! |
20 40 60 a0 100

ROCK QUALITY DESIGNATION (RQD}
219 38147 Ae)E hire] &894

(Allowable contact pressure on jointed rock)

@ Goodman(1980)

A2 o] F3 94 THA A H (Goodman, 1980)2 Wi=Fdq o2 th5vh 2t}
4,= q.(Np+1) (3.8.1.129)
4714, N, = tan2(45+ ¢’ /2) (3.8.1.130)

=349

FAR] Aol FA%el wel AFYEFALEE FaFH, o 27 E
(scale effec)?t @b Aol Im wrh AXW e dedow AR,
of WA o A= A~ A dMe v EFE F2 FANHC

2 REHC] i 4 A5 o AUS webd ok AP st
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Qg med s e BANS 0§

rok

.

92 lab)
4 udesion = 15 (3.8.1.131)

b= galel TR mE AMdSAFAES] dEkt oAt ¢ 7

gel g Aot

Ao HEAN AELHFLE o] ol EA Q] wFR7H )
% AN&9 BEF P'(°)
gso =8 t/m? psi Aher 27~45
AL 70~140 10,000~ 20,000 2] 3] ¢F 30~40
A1 3] 9t 105~210 15,000 ~30,000 Ald 10~20
Ad 35~70 5,000~ 10,000 I AN 40~50
AR 140~210 20,000~ 30,000 =4 25~30
o2 A 60~170 8,500~ 10,000
[ o (N +1D]A
Qpan = 7S (3.8.1.132)

@ Williams et al.(1980)
=5k 9] A ok A & ql% 0.01 pol Hst&Fel S&ste =AASHE Ao+
o2& F5o] gle FAA IGMe Y5k

a1=N;q, (3.8.1.133)

A7NA, N 2" 3814804 pel FFEE FojTh
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0.020 | .
f /___._-—-———-—-:
GOI5 P
2" / E
0.010.:/ il
0.005
0.000 _J' L 1 S N 1 PR SR N DA NN SR [N N NS [N R R e TN
0 5 10 15
L/D
1% 3.81.48 AR R =H A4 M( Williams et al., 1930 )
AdAadd e w3 2AEAS 3 Ay uebA q-E 19 3.8.1.49¢ uwh
2t @ F aEoof st} mpx|uto g dEE wﬁkoﬂ ot AA g
Q,=( Qe_qk/))ﬂzlz (3.8.1.134)
4 T T T
g 3
o [
ie) -
© o L :
% - Design Curve -
g :
LS Y Upper and Lower Bounds _]
3 S to Field Data
Ll__l ”'( ’r
F(r
0 1 1 1 1 1 1 1
0 1 2

0.025

1 38149 AdA el ek A

Plastic stress ratio qblq q

=
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@ Rowe and Armitage(1987)
- ol S FHWAQ999IAM rop=100%% ™ol 45 T8 ¥Hes A

3L AtE massive rock == IGMOlA thg Xd2 A7 534S 98 A=

F 9k

Gmex =2.5¢, (D> 1.5B) (3.8.1.135)

TUE A3t} dydse ’ﬂ%ol ksl obuk = [GMol A A H o] it
H, aea 2 Aol | ofdt etz A el ofsl overlie Hof v,
g 2,0 #o= A

(® Carter and Kulhawy(1988)

Carter and Kulhawy(1988)+= $tdbol] AAld A3 dseo &4 s A
FotAanth FEE e AR 28 AHAE dolA dHS A
=

oldlo] XMholegfol A Hl A AA3 mass strengthS 7FA 2 dtid 371A
Aetaa) 271

o FAA 7} HE UL BEAG(pHRY AA HojA dokd

o AT} HAEHANT EEAA( Rt A "ol riH

@ ( gross) =(1+N,/N) cN.+0.3D¥ N, +(1+ tan®) ¥ LN, (3.8.1.137)

ol A AAE Bello] AA2 A<

1.50
kel 2
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,” Friction angle, ¢

1% 3.8.1.50 Bell o]&2] A A= A5 (EPRI(1938)<]
Q17F=2 O'Neill et al.(1996)e] <]3] =) AY)

o AT AEH] AAY AMH] YL FEAA(prh AA "ol A

gtk o] Aol WE A9 ofele] ghwre] S Aol 473, 1 24 9
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ol7]el Abgd , = AsHiEol aHE TE THFS e dA AAHeln.
ol el BE oA & ¢ AFHE Sl dFe=w

=]
B
2 ok o] Aottt Cater and Kulhawys AFE el ¢7F k=
S

300 —— T —— T

T T T 1T

Bearing capacity factor, Ne,

=TT TTTTII]

20

L2
o

Discontinuity spacing, S/D

9 38151 n th S/D (EPRI(1988)9] Q17F2 O'Neill et al.(1996)°l 2}sf #4¥)

Correction Factor, J

Discontinuity Spacing, H/D
¥ 38152yl ohw =A< w1k (EPRIA9Y)S] 17FE
O'Neill et al.(1996)°l ©]3l #|4¥)

® Zhang and Einstein(1998)
FHWA(1999)o] AAH W o2 Zhang and Einstein(1998)= ¢& Agho] <

=
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FAE dolHulo]~E BAsL, A4 A voly TAL Mt AL

Irax( MP2) =4.83[ ¢,( MPa)]""! (3.8.1.139)

o] W& RQD=70~100%°]3 A7} A= v 5 A&

@ TxDOT(2000)
- TxDOT Geotechnical Manual( TxDOT, 2000 )oll 7]<
- 29 38153 19 38154 =
- =3 ddeAEgE Hagk 6200kN/m2( 1008 B4R #9 % 50mme

TCP% )
- =% @d9FHEAEE Hagh 975kN/m2( 1003] BA49 # = 50mme
TCP3L )

Allowable Unit Side Resistance in kPa (F. S. =3)

* No soil reduction factor required

0 100 200 300 400 500 600 700
3500 ) . e L.

Unit Side Resistance |
---- Unit Base Resistance !

3000 |

2500

2000 -

Allowable Unit Base Resistance in kPa (F. S. =2)

0 50 100 150 200 250 300 350

mm / 100 Blows (TxDOT Cone Penetrometer Test)
a9 381.53 TCP( > 100%]/300mm )oll thsh &8 9] Aok 2 FHAe5k
( TxDOT Geotechnical Manual, 2000 )
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Ultimate Unit Side Resistance in kPa

0 300 600 900 1200 1500 1800 2100
7000 | ! e . ; y

Unit Side Resistance

6000 Unit Base Resistance

5000
4000

3000

Ultimate Unit Base Resistance in kPa

2000

1000 |

0 50 100 150 200 250 300 350

mm / 100 Blows (TxDOT Cone Penetrometer Test)

2

a7 3.8.1.54 TCP( > 1003]/300mm )oll st =3+ T2
( TxDOT Geotechnical Manual, 2000 )

Omer, et al.(2002)

w2 FuA

sk

Omer 5& Wi Walesol 9+ Mercia ool Aol Az =xeS G317 93

AANHE AASEAT o] MM FddHolal UK. &4 A d=2] Mercia °]

o 6719 AAl m7e AP ArE B 7 zsch
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3l A4 (2003) ¢l A

& A4 (2001) - AASHTO(1996)
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(3.8.1.142)

S8 (1Y 38155 #HE)
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1 o] (ft)

QSR
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(3.8.1.143)

AASHTO(1996)
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A
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<
p A

7%
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obel 2 pelial A A

RQDe]
0.0231(RQD%) —1.32=0.15 ]
(3.8.1.144)
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@ Canadian Foundation Engineering Manual(CFEM, 1985)
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Fmax =0.650 4./ 021°°<0.65p,[f ./ 01"
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@ Williams et al.(1980) - FHWA(1996)
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Ei £ LS
Es Zs Zi
o714, g = z:old AwrgAe] Ao|,
E - 8% %) 249 348 9 waAs
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19 38160 o W ,( Williams et al., 1980 )
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19 38162 SHAG ] gk AA=( Williams et al,, 1980 )

Qs = ( fe_fp)ﬂ:LD (381155)

@ Horvath et al.(1983)

Canadian Foundation Engineering Manual(CFEM, 1985)o A zj&]3g 2] o &
Horvath et al.(1983)> AStellA & A A 7]E] A g Hd @9 =
HOAZH(, )k B Aok 27 AR(ZAYE e hhe] 45

= p) Aol BaEAAE Ajtetlvh o] A= 1™ 3816394 E
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U ok a9 381632 7| EE A oish 2027019 dlolE EQJIES A
o A& vtk 17 3816300 AltE A@pAE gel o5 vl 5
ek,

0 = fumx J( MP2) =8 ¢,{ MPa) (3.8.1.156)
o] 7] A, p=02~0.3 (& AE &7, B>410mm)
2 A4 2% 9% 2E AgEy Q27w A¥Y AsaAEs 19

38163 oA = s o 2ok

H5o], ¢hubo] FAZERY 4547 Avd va3 2ol 24T 5 vk

a( MPa)<# £.'( MPa) (38.1.157)

aeme, AN AF g = L (dhe p@aeE)n G

15 T T

Suggesied correlation for conventionally
constructed. large-diameler

socketed piers from Horvath

et al. (1980}, Horvath (1982) -1
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@ Horvath et al.(1983) -FHW A (1999)
FHWA(1999) ol M= AlFES dFxoz ARHA Fowd  Horvath et
al.(1983)> AZAA 3 LA HF3 L5 AstAgel Ady=zHyY FE249 v 2

& AHgstE e FARA

)

L' = Distance along socket

r

i
e

Centerline

=

1% 38164249 7159 A9

Foms =o.8[%(l]f)]o'45qu (3.8.1.160)

e el 3ol 99

rlo

A7NN, L= 07548 AL kR e FE
ct.

® Rowe and Armitage(1984) - FHWA(1999)
Rowe and Armitage(1984):= A} (sandstone), 3]% 9 (diabase), 23]+

(limestone), ©] % (mudstone), Al ¥ (shale) 18]3 % F(chalk)E ¥l I+

o okst bwtx o] ZG2 Walo|A 25719 HETDE AAAFHS ool
= B3t Carter and Kulhawy(1988)2 Rowe and Armitage®] #4& 7]

Fovax =1 @,/ 21" (3.8.1.161)
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pS Bt gk 14201tk 18y Rowe and Armitagev ©ofvte F=gA A
o] ¥&= HbollA Horvath and Kenneyel sl FHe gt wl$ FAFsHA

0632 d&atdtt. 54 0632 =3 Sz ot o] HeHAS
7

wfo] Hfdx A&t Aol AZAAY normal AFoly AFE AMES
3 AEeol Ao 1.95 AF&3t). Rowe and Armitage:™= A% 27lS & E+=
7180l 10mmEtF Z i, 10mmeold Wi, TAdA F49 F7ko] 50mmel A

200mm7bA o) FElE zhs aAlolekar A o] g

1.9/0.639] W( L3)= ALt Ankel M o] HEEE AlFgolM AFE9 AZ
7] TS oA A A

® Rowe and Armitage(1987b)
Rowe and Armitage(1987b)= LRFD 7fydel] 7]%3sle] AotS 913 EWgh
AANHES AWsdy. 2 A4 FAHLS It LA FEoAe 385

pt EHF HF p B AAFOEA ANAYG BE pE FARF] F
= B

fuax( MPa) =0.7a[ ¢,( MPa)]"® (3.8.1.162)

ANNA, 4= 0.45g( MP2)]'S OFEl EelA Ao AHH AAJZ RI, R2

R39l| & 33}+= clean &7 A&

a=0.60[g,{ MPa)]?5, 712717} Rdell s 3 sk= clean =7l =&
Al 0.7 4o F7telA 2ehd deE st AR AsAd dad
T Atk &27o] clean dH#4 Guhar BHETH = 09 #s Fsiof ek
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7] &5 (Pells et al.,, 1980)
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3.8.1.16

fs=0.15¢,,
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R3
R4

R1
CFEM(1985) ¢ FHWA (1988)0l A1 =}

=7 =71 280psi o] stel

@ Carter and Kulhawy(1988)

McVay et al.(1992)
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Bt 253 EA el % AP IGM-ZAZE HHo A9 dduaH
= Ags] HuolAMrt ofyet IGMelA BT =efgons 5S4 HH
Lol AR A ki HUHAALS FAEA S FRALAFANAM F
g¥g= L 05 ~ 1.4 MPa ), ¢( 30 ~ 50°), g (014 ~

gl 276 GPa )olth. &e] EALE k5Ash ol e AAEWAT( g )= 05
ojth. IGM2 & dxte] daded = Rdstydr.

AABANA ; _ olmz o gBAA & W@ret ofm hua

_ 1—=sind
Forax = Seosh (3.8.1.165)

A5 43811560 Fzelttl AAUE NFFAGeNA 7719 AeA
oMl BE gkel ol AgFHA LGS oF 12258 10 MParA
WAT = o 06 ~ 1.2 MPael WelelA waT. Age 671 Aol o Im
ol AE 0.15me) #E Zzto] tlE AWAPIUW yHe] Fb Aol
# obel 10.7me) 2o] 24 o oI FFA Pl F
Ae] WA AVAGHE 2EZEAS 9o BEHL 2YFORA H2oy)

Atk e 744 ASAHANN BEE ;o AslE o 05614 17MParA

5

Mg o] e oF 053kPa® H7tE ZTFo ket A A(381.156)% o =5
Ak HANAE 10% vlvtoldot, 1 FAG] EFexe [2( SAH - 4
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© Kulhawy and Phoon(1993)
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T AGd= ol JHAEAF o o2 AAHH
Aot e A= E 7] %359 Kulhawy and Phoon(1993) H3 o w3

SRARY(; )& AWH Ak LA E the A o] Aoty

-

i :w[—qw]O'S (3.8.1.169)

o] 7] A, 5, =71k
pAAE A% AL ARA T
1 : “gun-barrel-smooth"27& do 7]+ Y o
21 B% HY 20d o

(o, A H o7 AHA AL u)

)-0.5

a. =y(g,/2p,

]rl‘ll]l

Adhesion Factor, ac
=3

y =3
C O cey ' w2
- B Shae, Mudstone ® -, @
B ¥ shaie frough socked Ty =1
N @  ssactone, Limeatone, Medt
0.01 o oK

Lo, Lot [om oo [onom B e ] e

0.1 1 10 100 1000
9x/2p,

9 3816632 A ol Bt AdA =

@ Mayne and Harris(1993) - FHWA(1999)
il IGM= N>508]/0.3mQl Eef Hi= AdEe xukojuy

BA
a3k Foll ofl A& Abgste] A 4 Qdvh O'Neill et al.(1996)<

He

Mayne and Harris(1993)2] o] SPT N#2 Alg3t= AL == AL
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FHPe o] WS AFEEo $kal, W= Piedmont Aol e I &R
R el A-=7]8 HIEEY AstAldel ofs JFHo il w=9
5T Aol v FHAY HIgEAE S5O Neill et al. 1996).

oAu g shitel S5 Zb= IGMe] A FE, o & 2 Tl dAR

0, =0.2 Ng 2. (3.8.1.170)
OCR=o0, /o, (3.8.1.171)
Ny SPT sime] xeld oux]e 60%7}F drive stringe= A& == E

oM EB-AA/03m @S e FgekA ¥ STP B4 slgoltt. aglal

AR AEEE W dIgel atgel g Bheomd AdET.

, N60 0.34
& =arctan{ o, } (38.1.172)
12.2+20.3( o )
g,
Ky=(1—sin®)OCR*"" (3.8.1.173)
Fooe =0, Kytan®’ (38.1.174)

1002 Z3tete A2 A Fetm FAsAt 184 oW 1 Pe
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(e}

g o2 @ Aolth o Wel AAH
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@ O’'Neill and Hassan(1993)
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(3.8.1.176)
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> i s
0.4 \ : 115 < E,/q, < 500 "'
\\\\;5 w; = 25 mm i

03 |
: S ]
Olq '\\ 1
0‘2_ x .\‘ \xh g
N s
01:0’(,:1\._ e S,
2l ! _-_--_--"‘_"-—-—--...______;
o Ty el eiele, oot v,
0 1 2 3 4 5

q. (MPa)

2% 38.1.67 mjizee AlFE E= 2% IGMS Al a, (O'Neill et al., 1996)

@3 TxDOT(2000)

TxDOT Geotechnical Manual( TxDOT, 2000 )el| 7]

9 38.1.687 1% 3.8.1.69% =%

=gk G A A g Hg 6200kN/m2( 1003 B84 #Y F 50mme]
TCP%E )

3o SdFHAGE Hagk 975kN/m2( 1003 A9 #9 = 50mme]

o)
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3500

2500

1000

Allowable Unit Base Resistance in kPa (F. S. =2)

3000 |

2000 -

1500 |

500 |

Allowable Unit Side Resistance in kPa (F. S. =3)

* No soil reduction factor required

100 200 300 400 500 600 700

Unit Side Resistance |

X |
, . |
Unit Base Resistance |

50 100 150 200 250 300 350

mm / 100 Blows (TxDOT Cone Penetrometer Test)

9 3.81.68 TCP > 100%]/300mm ©f thet 38 9] Aot 2 FwHAggh
( TxDOT Geotechnical Manual, 2000 )

7000

6000

5000

3000

Ultimate Unit Base Resistance in kPa

2000

1000 |

4000

Ultimate Unit Side Resistance in kPa

300 600 900 1200 1500 1800 2100

Unit Side Resistance

Unit Base Resistance ;

50 100 150 200 250 300 350

mm / 100 Blows (TxDOT Cone Penetrometer Test)

7% 381.69 TCP > 1003]/300mm ol g =gk &9 dd 2 F

g
X
%
£

( TxDOT Geotechnical Manual, 2000 )
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Ng et al.(2001)
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Ng et al.(2001)
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1.0

‘ORQD=unkn0wn |

) !_DRQD=91~100%§
0.8 |ARQD =76 ~90% |
iORQD=Sl~?S%
5 | X RQD =25 ~ 50 %

0.6 ¢ l

RO 70

ag
[®]

60 80 100 120 140
qu (MPa)

1% 38170 Ng et al.2001)9] dlolefwlo]=25H thdet RQDS o W ¢

@ Castelli and Fan(2002)

Castelli and Fan(2002)&= McVay, et al.(1992)¢] AAWH I SPT Nzt A
Bt o3 o] ok, Abole] A HAE LT Law(1995)WH S S8t
Atk o] HE Texas A3|golAle] TCP Nspts A#A = Aol 7hsd|A
A F8stal gl TCPek o @A Aol #8384 o + Ao
Castelli and Fan©ll s 7|2 A7AE 98] AHEE =3 ¢ 2 Fol 29
ATk Aol FAHH Fe FH O wpEE & McVay et al(1992)%}
Law(1995)° oaf At WS Ab&ste]l AAZ A dvzor dXA
A=3

# 38117 71 xAA 0 AHgE= e, ( Castelli and Fan, 2002 )

3¢ &5 a.{ MPa) SPT Nt 7. (kPa)

o5t A WA < 438 25 ~ 100/300mm 960
| 49 ~ 120 100 ~ 50/50mm 2870

kAl aA > 12.0 > 50/50mm 8620
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—e—WR 22.0m~24.4m
—m—WR 24.4m~26.0m
—A—WR 26.0m~28.0m
250 [| .. wR 28.0m~30.0m
—%—SR+WR 30.0m~34.0m
—e—SR 34.0m~35.0m
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Displacement(mm)

% 3826 TP1-ST1 Upward f-w=r41

300

—e—WR 20.0~22.0m
- WR 22.0~24.0m

——WR 24.4m~26.0m
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Displacement (mm)
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——SR 32.0m~34.0m
—#-SR 34.0m~35.0m
——SR 35.0m~36.0m

SR 36.0m~39.0m
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0 5 10 15
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Displacement (mm)
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—- WS 21.9m~24.9m
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——SR 31.0~32.9m
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Displacement(mm)
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1% 3.82.12 TP2-ST2 Upward f-w=r41

——WR 24.3~26.0m
——WR 26.0~26.9m
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Displacement(mm)
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f(t/m)
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0 3 6 9 12
Displacement(mm)

15 18
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——WR 32.5 ~34.5m

0 5 10 15 20
Displacement(mm)

25 30 35

19 3.82.15 TP4-ST2 Downward f-w=4
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——Fill 0.0 ~ 7.0m
-#-CL 7.0 ~ 11.0m
——CL 11.0 ~ 15.0m
CL 15.0 ~ 17.0m
—>%—WS 17.0 ~ 19.0m
—-—WS 19.0 ~ 21.0m
30 F------m o —+—WS 21.0 ~ 22.5m
T ——WR 22.5 ~ 24.0m

e Lt —WR 24.0 ~ 27.5m
£
0 50 100 150
Displacement(mm)
19 3.82.16 TP4-ST2 Upward f-w=r41
38232 AHtEAL Az} ASHAE AdE AEd Aottt xelA g,
E,» pl% 2vzy FuU A stAl " WA, e Al S, sHA Yol AT, Neo% dHaEs
E3stel, FrAol, AEY EF, TAAE 52 1AF 04D goln, L= o
SUFAEE YL #d A18d B/ 712 T3E(WS, weathered soil),

F3FH(WR, weathered rock), 1%H(SR, soft rock)e|th. 0= FA XL pgho]
503]/15cm wREQl A REe FIEZF O R agt 503]/15cm ©]/dQ] Awks F3het

AHEE NRkS 2003 7bA4] BFAsho] #QjziolE hehal #elzlo] 30cmo = A
FooluA BAE 3 g gelth AR e &F Ader Addio] FuAL
A A 7E o] Fo A A kAL, BEARE 1A 7k FEol MAEAE FHREA Fa
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#3823 AlgAtel AkzAL dolH

dgge | Aw | Auw F A ‘

T | | E% | M e | & | 5 |«
20 22 75 WR | 2%
22244 25 WR | 300
24426 25 WR | 323 | 10377
2628 25 WR | 437
2830 235 | WR | 361

TP1 3032 235 | WR | 375

(38.96m) 3234 235 SR
343 235 SR 1110
3536 235 SR 2100 1520
36-37 235 SR 1509
3639 235 SR 1747
37337 235 SR 1846
19219 2 WS 20
21.9 249 2 WS 2
24927 2 WS 7

1 27279 2 WR | 150

i 279 288 2 WR | 147

(36.21m) 58] 185 WR | 272
31329 2 SR 3099
329359 2 SR 1810
339359 2 SR 1810
17-19 2 ws | 109
1921 2 WS | 106
21225 2 WS i
25 24 2 WR | 15| 613

TP3 2027 2 WR | 191

(36.38m) | 24-305 2 WR | 3% 375
275305 2 WR | 638 375
305325 2 WR | 159
325 315 18% | WR | 157| 1764
315361 18 | WR | 271| 1764
24326 135 | WR | 409
%-26.9 135 | WR | 600| 3378

TP1 28-29 13 SR 077

(33.41m) 29-30 1.35 SR 2712
30-31 1% SR 2418
31331 1% SR 4339 1786
165205 15 WS 6| 35| 73| 3716

S A% 1po 205235 15 |WS+WR| 71 34| 9022

235 %55 15 WR | 234| 425| 1418

(32m) 55985 15 WR | 218 61| 1922 791
285 32 15 WR | 271 372 2099
1619 15 WS 21

TP3 1921 15 WS %

(23m) 21-22 15 WS 81
2225 15 WS 81 209 | 1084 | 453
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f(t/m)

f(t/m)

20
18 """ e e e
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3 —m-TP4-ST1(7.0 ~11.0m)
2 & —A—TP4-ST1(11.0 ~15.0m)
X TP4-ST1(15.0 ~17.0m)
o ;AA“ ! !
0 2 4 6 8 10 12 14
Displacement(mm)
9 3832 HAEZSY f-w =4
30
25
—e—TP2-8T1(19.1~21.9m)
—B—TP2-5T1(21.9~24.9m)
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Displacement(mm)

19 3833 FEES f-w 4
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100 1

20

350

300

250

200

150

100

50

—e—TP1-ST1(30.0~34.0m)
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TP2-ST1(28.8~32.9m)
—e—TP2-ST1(32.9~33.9m)
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Displacement(mm)

9 3835 Age f-w =+
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24 A3t DCPTRO o e fmg]r qmszm WA et 2ol e

fmax =625-25 ><DC‘.F)Y‘R_I'OSI (3851)

q max =3230.80 xDCPTR ~ % (3.85.2)
B35 1008 viwke] EAbAube] A9 B ATaiAe] ulgA@EEY] e
WA Te] EARAR s HAHA g wgeduAAhae] guaAs
gelatA ek, DCPTS 300mm# Al Bt 3Gl g wheFHnpzy
(7. 08 #AZE S3Eet HESoR 717 e

HES © f 0 =0.032x[ DCPT Ny ] (385.3)

TIE 1 f . =0.0172x[ DCPT N ] (385.4)
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2.0

. 1TP32 clay : f , = 0.0322 ‘[ DCPT N_]
A ITP1
v ITP2
157 < ITP4
CHITXDOT) CL(TXDOT) SCT{DOT)
1.0 other soil(TXDOT)
05-
OO T T T T T T T T T
0 20 40 60 80 100

DCPT N, blow/300mm

(a) AAES] A sl FurbaE s DCPT Nyel 7

20
sand :f ~=0.0494°[ DCPT N_]
1.5
CHMXDOT)  CL{TXDOT) SCTXPOT)
1.0 4 other sofl{ TxDOT)
* [TP3-2
05 ITF1
v ITFZ
ITP4
¥
0.0 T T T T T T T T T
] 20 40 60 g0 100

DCPT N, blow/300mm

(b) AHRES] H S F k25 DCPT Neol #7
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11 Nam(2004) -
25| - =418.10 TCPR{mm/100blow "’
l s ITP3-2
— 204! ITP1
el v ITP2
e i y =a'xth
O 2 B35 25127 ITP4
5 194 | -1.08071
= |
&
W 104
; | TxDOT
N e
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0 100 200 300 400 500 600
DCF’TRED mm / 100 blow
(c) Fste HdlFHwlz= 2 DCPTRE #A
120
Nam ({20067 :
q_ =125249 TCPR{mm/100blow)" ™
100 4 max o [TP3-2 WR
O ITP3-3WS
& [TP4WR
80 - m YTPZWS
S Y TxDOT
g MNam
L 604
D q__ =323080*TCPR _(mm/100blow) **
u}(
o 410
o
20 4
D “““““
[ |
0 T T ' | ' T ' | T T | '
0 50 100 150 200 250 300 350

DCPTR,, mm/100blow

(d) F3the] FHhdEx A=} DCPTRE] A

219 38510 WEA A3t DCPTS 734
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Ao AFANE Foto FIU wEste] FFe AlA I &) ol U5
ol# 3, SPTH =23 A1Z#(split soon sample)?] g 5F=20
= SPT IGMe| tigh Hgo] oy X dAx= tiA B DCPTE A&

A= Aolm, DCPTelA 44 ¥ DCPTRS ol&ste] 2(3851) ~ (3854)% ©]

. DCPTE ©| &3 F3d At AAFH AF7}
Ao FaATFTIHe A el FIse AHER

stod 0. 5N(<20tf/m?) Ao, A1) AFe] # F AAUE-2 o)
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#3851 A HEER &

a1
STA.0+000
I FWE (BR1)

:

@&

Huss

!
71Z4A | pL | P2 | P3 [ P4 | P5 | P6 | P7 | P8 | P9 | PlO|PIL P12 PI3][Pl4]|PI5
R Tl gepd s $2,400)
IIx = 1=
ﬂ%f)ﬂ“ 29 | 60 | 135 110|247 105 150 42 54 155 45 55 16 14 6.0
AAS A dd dd dd dd 9 9% 9% 9% dY A% d¥| A% dG| A
3862.8/1538.2 1715.7/1856.9

1.225. 1176, 1127.51794.1|12783.4/1443.1/1354.9/1737.3

d=UEAE
(Nend) | 2451.014503.011607.9 7" 77
AASAE
(LS | 307 | 348 | 412 40.6 | 515 | 30.9 | 409 314 316 430  3L9 328 | 269 288 3Ll
RikhetLs
T 50 | 30 42 73 37 |82 | 28 36 73 52 | 58 | 24 75 67 | 63
EEETR
STAT+660
22 2-14% SR W(BA2) W2 1-38 B D(ER3)
: g s|
B g B : <k
P2 25 s, ()
\/ \
His2
TEEE o —
dys
{25 (A Casing+R.C.DER)
P16 | P17 | P18 | P19 | P20 | P21 | P22 | P23 | P24 | P25 P26 | P27 [P28] P29 | P30 | P31
Frgepddss G T
( $2,400) ( $2,400)
57 | 31 | 34 | 43 | 4 0 | 45 [160 [ 135 [17.3] 173 [ 122 [ 65| 80 | 190 | 255
A dd dg dd G dd A A G AF G dF A Ad A A
3745. 3715.
3019.6) 9902 ™')™ 38922/ 1000.0|2490.2

1546.1/1104.9/1482.411078.4|1737.3 1

26.7 | 285 | 36.7 | 36.2 | 38.2
6.9 40 |24 1.0 2.4

2235.3]2068.61902.0/1797.1

32.1 | 30.4 | 29.4 | 29.3 | 289
5.3 6.4 6.8 | 10.2 | 7.3

38.7 | 40.4 |35.6] 28.0 | 38.3
24 | 52 6.0 2.4
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T 3RS AHEARIS R TPYste] AAlghE AL Fslds dAarlelA Hoew 2
Aol Fslete] DCPTAE o83t 7 wEeol A28 9 1~987olE AF7 eItk

= ] Fslht) AWke] DCPT+= 3 35589 A4S Hifsiglon, 1 2y 1003] &
AA] AY=F 9em=E YERETE 19 385109 F3t] wEAA = DCPTRE] ¥A= &3kt
o] AuFurgEe HoFunkEele 55 kgf/om(56t/m) &2 LhEl}

Falore] HAYFHnkEG5 kef/em)S o]gslo] Wi AA I} 2g WEZo|S APt
stiom, 7|EdA o] wEo)9) Hlalste] 3 38520 HERAATE

# 3852 DCPTRE o] &3k w5 xx]g 9 Zo]

DCPTE °]& 4544 U o]
R ]

=7

R e | aaey P g | B0 o (on)
(tonf) (tont) (%) (m) (m)
P1 2589.6 2564.4 99.0 40.0 40.7 -0.7
P2 2408.2 2324.8 96.5 39.4 42.8 -34
P3 2458.4 2423.1 98.6 44.3 50.4 -6.1
P4 2410.7 2380.0 98.7 479 52.9 -5.0
125 2441.2 2420.4 99.1 45.9 60.2 -14.3
P6 2490.2 2418.7 97.1 48.4 53.1 -4.7
P7 2504.8 2428.3 96.9 41.5 487 -7.2
P8 2517.2 2431.0 96.6 394 40.0 -0.6
P9 2502.2 2437.8 974 42.1 43.9 -1.8
P10 2485.4 2435.7 98.0 49.5 53.2 -3.7
P11 2500.6 2446.7 97.8 414 427 -1.3
P12 2786.5 2449.6 87.9 34.3 40.2 -5.9
P13 2472.7 2455.6 99.3 39.1 394 -0.3
P14 2508.0 2458.1 98.0 40.5 40.5 0.0

P15 25014 2461.0 98.4 40.6 425 -19
P16 2490.4 2464.6 99.0 41.1 42.8 -1.7
P17 2481.6 2469.8 99.5 39.0 39.8 -0.8
P18 2493.2 2474.0 99.2 38.7 39.7 -1.0
P19 2515.8 2478.3 98.5 39.5 40.7 -1.2
P20 2554.8 2482.8 97.2 39.3 40.7 -14
P21 2498.0 2485.7 99.5 39.7 41.9 -2.2
P22 2567.6 2496.3 97.2 39.5 40.8 -1.3
P23 2699.9 2455.1 90.9 41.9 48.6 -6.7
P24 2928.9 2605.2 88.9 41.4 45.2 -3.8
P25 2206.4 1400.9 63.5 28.0 45.6 -17.6
P26 1522.8 1436.1 94.3 389 43.2 -4.3
P27 1575.6 1426.4 90.5 39.8 46.3 -6.5
P28 2300.1 2089.0 90.8 37.6 429 -5.3
P29 2696.3 2680.2 99.4 36.0 38.1 -2.1
P30 3025.9 2359.4 78.0 43.5 49.3 -5.8
P31 20714 2063.1 99.6 49.1 51.0 -19

Al 1267.0 13875 -120.5

- 467 -



Aol A
o] Z 7]EAA A

thoof7lell wEe] A EH], AleH],

, 71 AAIRY HSs FAAQ A B Aol o] Fo

&=

A7 ol A

o] -
BA

A A Q1 27}

DCPTR3} @74 2le] #AE Ealof

Rl

.

+

the

o

™
o
Hlo

~

- 468 -



N A N
and Reese(1966) 9]

o)

CAANEZE Y A

ol
!
oF
ojn

ZE]

3)

N
M

START

INPUT L Z22H O
KeyboardZ2H AIE Xt

4 = A

[

0

3

% n>0 LUK

o

70
E)
£

My

o
K

ol

w,=w,

wh,=uw,’

YES
END
1]
- 469 -

°

% 3911




U 238 TE/x AAUE

EEEEE

SEXE!

%

= YERHAT

EEEE

F 71& A

ksl
pul

2 8

oy
Hio

=

3.9.1.10 e A

o el

o9 A A%

~

Wi W

S
Wy

e
il

. Fahujel

A

o=

il

—_
fite)

4
Ton
e

X

—~
fi%e)

173 -
S|
SERE
4 sl
N 7l
= S
()]
e =0 m \W
o o1 s
e ‘& . M I
i S
g : 0
A
° |
e 2
o S
__c I
w ..
oh
¢ r 15
or mﬂ + on
‘.ML \W/ wi WC ~ ;lryl I D _Jlo,ﬂ
| 3T W] Tolgg
B O Blyge D o R lte)
2| /Y8 T g 2
Nk 5 =~ S o
> I B W
= o E X0 ~E o
I G R
° , _ ° ! _
1rw_ E._ c.l E MurD L.U
A b R - N ¢
X o = Hlo Hro

- 470 -



#3912 7|F &7He HOAAH A
] )i Ho FHapze A Ho A== A
o W AL e Meyerhof(1976)
ZJAJE — fz(lcu — 0290u
- 0.75< <1022 FHr kel 0.85AFE | - Huj A= A
e Meyerhof(1976)
,«].?QE
l ) _3(Le)
e Meyerhof(1976) e 2\ B
SE | - f=0.020.Ny * Briaud et al. (1983)
- R Nt AR " q=19.7P (Ni)*®
ER it - p o7
oot | ® Carter and Kulhawy(1988) e Zhang and Einstein(1976)
0T =0.15¢, — ¢=48.3¢%"
¥ 3913 M=ZF EFHe steHolgd
Z| qE Tt Aol g
p 1.2x5(%)
T Wy © 7= i
X O'2+T)(%)
P 1.15%-5(%)
T W, o 7 = "
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P 1.35(%)
=W I ”
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rlo
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(1) =94 AA : Windows XP
(2) Mail Application : Microsoft Visual C++

(3) Rz /MY =239 : Fortran
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-~ B
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O 250 \
300 | \
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L — TP15IZ & 31 24 — =20y AMNdn y

a9 3912 TP19] g3 s4 vl

- 472 -



—
o
o

150

Displacement(mm’

N
o
o

250

300

o

4000 8000

Load (ton)
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——TP25}5 35T M

—IZ=23Y AHAHD
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o o
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4000 8000
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12000 16000 20000 24000
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a9 3915 TP49] stz st=Ad vl
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7}, =233 AX
23 ZY9 Q= “Setupexe” FLS HEF Y] HAAE A FS o

o 1% 3921-~39279 GAE Fdste] HAE SvlTh
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.l‘x

mDH(E) ®IEEy =220 SHEA =3I ESH(H

€ 0 ¥ Pzu = E-
(00 [0 C#Documents and SetingsWakEIHHIS! SHEMHDMpile NREN" B
EH x 7]
EECEE J ﬁg ‘lﬁ g
=S 2N pquram 0x0412 DMPile instrsia instmsiw setup Setup
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i1 DMPile InstallShield Wizard b:<

DMPile Tnstallshield WizardS Al ZHSHL| CL.

B omrile E(E) £

4
EFELMNZ

InstallshieldiR) Wizard 2F 21512
AELICH HSsRHM O T

2
=
S

| Z2OME HEHAN ZH Z2 2 225

< 2@

1% 3922 Za 7@ AX] Step 1

i# DMPile InstallShield Wizard

NEA AN \ Y T
4

CIS2 MEH HME FHHIE 2 H A2

Ta add your own license text to this dislog, specify your license agreement file in the Dialog
editor,

Mavigate to the User Interface view,

Select the LicenseAgreement dialog.

Choose to edit the dialog layout.

Once in the Dialog editor, select the Memo ScrollableText control,
Set FileName tao the name of your license agreement RTF file.

eSS

After you build your release, your license text will be displayed in the License Agreement dialog.

s e T e |
O AIS® 22 TN SSI3 FE0)

[ <5=2@ | CSw- I

Eey
k-

19 3923 ZE9 AX] Step 2

2 DMPile InstallShield Wizard

AR EY \ A T
A

AETHEEE AHGHIA 2.

ARSAHOIS (U
|UsER.

Q)
|OFFICE

[lg METECE T2 OHS SAELICH
©® BEBEE AS3IE RE METKY
O AFERHIUNERP) T ()

—
[ <5Em [ CEmw- |[

kb
B

19 3924 =23 XA Step 3
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2 WaPile InstallShield Wizard

2O 8K ZH AR \ A
R AFS S AT ZHITHEIRISLIT ‘

IEEECE A

a9 3925 =23 MAX] Step 4

& DMPile InstallShield Wizard
EA 59
ASTIE 2 2M JHE SEE 2R RS MG 2

g7 S dHEHEN S,

H S AR RS TR A

—
IEEECH (=T | B

19 3926 29 AX] Step 5

i# DMPile InstallShield Wizard b_?

Installshield 22

InstallShield Wizard 71 DMPIe S5 A EH S 2 G373 &1
Ch OM ALE SEatd B "OrE" B8 28N 2.

< FI=(E)

19 3927 ZE219 AX] Step 6
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Ll DMPile

me RN 2Ewe FDH0E csg

A S dgsk= ww2 oA [SPT], [DCPT] 18] 2L ERPos

H A A] [a-w = [FMAX [FDATA
- | Meverhof(1976) Vijayvergiva(1977) Meyerhof(1976) Vijayvergival1977)
A Meyerhof(1976) Vijayvergival1977) Meyerhof(1976) Vijayvergival1977)
=3 IMeyerhof{1976) Vijayvergiva(1977) Meyverhof{1976) =42 121(2007)
=3 |Meverhof(1976) Vijayvergival1977) Meyverhof(1976) dE45] 121(2007) |CHA SRl 2
ad ( ) Carter and Kulhawy(1988) =4 2] 1210 1 = =

Zhang and Einstein(1998) Vijayvergival1977
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asw =9 AFAFAT o] SAEIE Hol el sAHE HiA
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ARE | Meyerhof(1976) 7 Meyerhof(lg'?ESJ ( FlEtEE
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¥ 2

1850 (mm)

e
AL SPT METHOD
2174 1850.0000 mm
2! 0| 36.0000 m
£14 3 == 3228730.0000 Nfjm™2)
S 24
HEEle Als  AHERE gw =EorE
30 AME & Meyerhof(1976) Vijayvergiya[1977) A2 & Meyerhof{1976] =2 St2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 AR & Meyerhof(1976) Vijayvergiya(1977) AlZE! & Meyerhof{1976] =2 SH2| 221(1997)
30 A fE £  Meyerhoi[1976) Vijayvergiya(1977) A 7% E Meyerhof(1976] X}?\’. ore| 2,0‘7 [1997)
L
gel] v
TC ol & T
D [EEAQHA] v
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e SPT METHOD

=1 1850.0000 mm

20| 36.0000 m

Ebd | == 3228730.0000 Nf[m™2)

A 24

EfHEl FE  HEEF qw BT =HopE

3 AME E  Meyerhof(1976)  Vijayvergiya(1977] AlZ! £ Meyerhof(1976) Vijayvergiya[1977)

5 AE & Meyerhof(1976) Vijayvergiva(1977) AlZE £ Meyerhof(1976) Vijayvergiya[1977)

11 AEE  Meyerhof(1976)  Vijayvergiya(1977] AlZ = Meyerhof(1976) Vijayvergiya[1977)
b AME & Meyerhof(1976) Vijayvergiva(1977)] AlZE £ Meyerhof(1976) Vijayvergiya[1977)

8 AME E  Meyerhof(1976]  Vijayvergiya(1977] AlZ! £ Meyerhof(1976) Vijayvergiya[1977)

9 AME & Meyerhof(1976) Vijayvergiya(1977] ALE £ Meyerhof(1976) Vijayvergiya[1977)

8 AME E  Meyerhof(1976]  Vijayvergiya(1977] AlZ! £ Meyerhof(1976) Vijayvergiya[1977)

7 AME & Meyerhof(1976) Vijayvergiya(1977] ALE £ Meyerhof(1976) Vijayvergiya[1977)

5 AR E  Meyerhof(1976) Vijayvergiya(1977) A2 £ Meyerhof{1976) Vijayvergiya[1977]
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