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ABSTRACT

Analysis of Bearing Capacity and Negative Skin Friction
Characteristics for High Strength Steel Pipe Piles

Heo, Hong-Kyun
Advisor : Prof. Kim, Daehyeon, Ph.D.
Department of Civil Engineering,

Graduate School of Chosun University

For designing pile foundation, it is essential to accurately estimate the bearing
capacity. However, a number of studies have reported that the reliability is
extremely low of the estimation methods compared to the pile loading test.

This study analyzed results of performed field load tests in order to estimate the
best pile length and allowable bearing capacity of the pile foundation. Pile load
tests and driving records, performed at Gwangyang, were used to evaluate the
drivability and bearing capacity characteristics of STKT 590MPa grade high
strength steel pipe (HSP) Piles. One type of piles varying in diameter and
thickness were driven using a 16 and 13 ton hammer.

Dynamic pile-driving formulae are widely used in predicting the load capacity of
piles in soils. However, the accuracy of the formulae have been questioned for a
long time due to their oversimplified assumptions and empirical parameters involved
in the formulae.

The allowable pile capacities calculated by 12 different dynamic pile driving
formulae are compared statistically with the capacities measured in the field to find
out the correlations between the calculated capacities and the measured values. The
statistical data are then used to evaluate and to adjust the formulae to improve
their accuracy. For the greatest accuracy and simplicity of use, it is recommended

that the adjusted form of Hiley formula be used.
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In addition, the safety factors were compared and analyzed, for static formula
method and dynamic formula method. The results of allowable bearing capacity by
EOID test is in the range of 0.30~7.63 compared to the capacity calculated by the
Structure (HSP-1) Foundation Design Criterion. Allowable bearing capacity by
restrike of pile dynamic loading test is in the range of 0.29~7.4 compared to the
Structure (HSP-1) Foundation Design Criterion. Based on the analyses of static
load tests, the Chin’s criterion is proved to be the most reasonable method for
estimation of pile beariNg capacity among the methods used. The static bearing
capacity formulae and the Meyerhof method using N values are applied to calculate
the design bearing capacity of the piles. The resistance bias factors of the driven
steel pipe piles are evaluated as 0.74 and 0.23, respectively, by comparison of the
bearing capacities for both of the static bearing capacity formulae and the
Meyerhof method. In addition, current method of predicting negative skin friction
along the pile shaft in clay could overpredict the estimated capacity. Therefore,
understanding the nature and behavior of negative skin friction along the pile shaft

1s absolutely essential.
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H 2.1 WeokE=0 e et

Approximate N, values for

Theories various friction angles
25 30- 35 40 - 45«
Terzaghi (1943) 12.7 22.5 41.4 31.3 173.3
De Beer (1945) 59 155 380 1150 4000
Brinch Hansen (1951) 32 54 97 190 400
Meyerhof (1953) 33 39 295 380 4000
Skempton-Yassin-Gibson (1953) 46 66 110 220 570
Caquot-Kerisel (1956) 26 55 140 350 1050
Brinch-Hansen (1961) 23 46 115 350 1650
Berezantzev (1961) 16 33 75 186 0
Vesic (1963) 15 28 58 130 315
Vesic (1972) 60 79 103 131 164
Peck 5(1953) Egjol hal n @t deA a2z Alole] #AE v&3 & 1t
gk 2 (25)2 AskA
¢=0.3N+ 27 (2.5)
TAdT Ny @FAAXE JA G4 JdExed wep 2He] dAd AR g
T 9o B2 Dunham(1954)2 o2& dste] 4A7E $2a1 440l wdd Ree
A5 2 Q2o 2E AAAES AtstAH
= V12N +15 (2.6)
(2) &5 FHnpzEd
ELQstAl HIog2RY ALEE Augke] #AQld 5 9o &t vk
e 2 2308 ol AA EHAbelo] wmpEg gk sto] ol A A
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Fol A7)t FEEGAFS 2 Zo] o2 R 5EA.
Kezdi(1964)e] 93 el x4 FHEQAFE % 229 2t

Author Basic Soil Type Value of K
Brinch Hansen (1951) theory sand cos’¢p
analysis of loose sand 0.5
Meyerhof (1951) .
field data dense sand 1.0
Ireland (1957) pulling test sand 1.75 to 3
analysis of )
Mansur-Kaufman (1958) ) silt 0.3 to 0.6
field data
Kezdi (1958) theory granular K,
Lundgren (1960) pile test sand 0.8
Henry (1961) theory sand K,
Lambe-Whitman (1969) guess 2
o2 ot A A AY AP A Hy FHvpEHE S FRste] S

2 gx}&=2l Meyerhof(1976), Poulosand Davis(1980), Vesic(1977), Berezantzev(1961)

Sol dan AdHA B % AALHS ANAE Awe] Be HAA
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2t Al 3ol
o, AA AR A{Aldl= Aol HojA = wAFlol ST AR = £fell A

s} =
wol 4451 Qi oleel g sty AAg ¥AS e ¥ 239 Prh
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o wiwfg= A=e oo AAE ek 8 oje] =ado] AlAls o] glth SdEEel
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S AR 3 (Hunt, 1986).

1.0 \\ T | |
M ——————————— API(1982)
0.8 —
S 0.6 —
k-
=
:;_ 0.4 —
i
0.2 —
0 | | | | | | |
0 05 10 15 20 25 3.0 35 4.0
HlEl4: ARZE Cu(t/m)
8 2.4 EIYYE0 253 A (8= 8385, 1997)
BATH(FESE A H)S T5 BY Al 5 F9 Ayro] EHAH, HYt=
Ffo] WA A ol AHE A7kl AHapstd AT S4qto] AAEWEA EEH A
G Adko] A "ok WES AlFI & g 4qbo] Aakd & shFo] AstEd
TEo] Fro] WA e wpEE e FHAWY] wjFAGTER FA T
el FHupzE e A (29)9 2o}
f,=c.t Ko, tang, (2.9)
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B A (212)A4 & F Adxol FEgHSE o] &t WHo=E oYY &
2 AAEY A ES 7| A& E A o]EA HdAlE oAlTHIG #Hol
Fupzeo] A gxHA FTHAA S HdAEAT Pk 9

H 2.4 XetxAHN T@E pHICH gt

B D T e A oogk A
Lambe(1974), Garlanger(1974),
0.20~0.25 AE i
Leifer(1974)
Lambe(1974), Garlanger(1974),
0.25~0.30 HAE .
Leifer(1974)
Lambe(1974), Garlanger(1974),
0.30~0.35 = .
Leifer(1974)
Akst ALY T Eo
0.20 B ) ? ° Johanessen(1965), Bjerrum(1965),
Norwegian 3|44 E
Aekst ALY T 29 Bjerrum(1969), Johanessen(1969),
0.18~0.23 ) } )
Norwegian a4 d & Eide(1969)
A E A 778 Norwegian | Bjerrum(1969), Johanessen(1969),
0.25~0.26 . .
AP E Eide(1969)
0.20~0.35 ] -§- Aokt AEA HE Endo 5(1969)

232 FESHY

FrasgdHe pATHolg o, 45 FTHo| &3t dHAdd FupEyge
21 (213)S ol &3t FEr)h wepA] EE B & dAS A kel HA#g o s
Zo] dEd &3l stFo]l FEst= Al HoAE EE EYer #AY AS o
= A (213)3 Zo] I =FF%e] Sds AE AT 7HY S T

Q’ls': f"AS (2.13)

AZIM, g T vhEE

£ GG B
A, F5H apEggoe] Z&stes Fito wEFHA
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REW b e AWELG AYEY FAANC AsHE FESYRU
I

g o g pa)
fo=Bo, (2.14)

pRE A kel Fpol wheEl @EbAH, % 259 @gs ARSI

H 25 B &
&9 F7 8
HAE 0.20 ~ 0.25
HE 0.25 ~ 0.35
= 0.35 ~ 0.50

Zeevaert 5(1959)2 dAFESHH HAAEYQA S, wlFupEzs o] &3sto] 2

(215)¢F #2 F9 v AL A A AT

f,= K, tanog, (2.15)
AN, g EGAS

PR )

o, HEAAY

v

Flatte®} Selnes(1977)% 71&9 pAITH A= & 2 (2.16)% (2172 E=93+9
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fn: 04”1 Vv OCR
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OCR :

(2.17)

= (I,+65.6)/(21,+65.6)

Tawfig(1994)
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A

2 (2.18)%
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1] sl
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= A
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o
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el

—_—

A skA 7
(2.18) 3} 3Eo]

Meyerhof(1976)7} 33} E v &
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1~24tel ] gh& 7HAm vhg A 2
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hSS
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(2.18)
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2.4 93 AAY AATH
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(2.20)

&-8-A A = (t/m’)

A71M, Rq

[N

oM 7HE 2

Aol AL, wEo A

Nlo

]

<
Mo
"

Ho

o)
B

=il

N

—_
o

o
o
T
Mo
N

o] S7} Aol%= 5mm ©]

ki3

& 25579 1.5~2.547

J} 3]

P
'T‘H

el
Hlo

AE F AE

W9l

ki3

118 el 9

S

i)
L

gkt

_23_



(1) Hiley &2

- E, R, Wyh
b= Sipc o) (221)
E, Wyh
= R,= HHeA =)l A%
Ru S+1/2C % Oxﬂ(e 1) o1
_ WyteW,
Wyt W,
R,
R,= F,
AZIM, R R, EEE T A FHEAAH (A = o] F 293}
FAAEEA 3S AT (HA i = o] & 2ugt)
Wy, - 277 Hammer®] -7 31 93}al(mm)
W,, S 2y7y 5] A 913 B AY #J 4ol (mm)
E, * Hammer®] B}4 & &
Ry e’ MuA £ B 25w ke Wil
C: &3 g ug et &3 = C.+C,+C,
C. FAA ] 7S (mm)
C, gt o] +=3F 9= (mm)
C, A Qke] =3 ¢ E %) (mm)
ERlE =t C,+C,=K
(2) Hiley #2479 & ®dE
@D 7HA Engr. News Records @ ¢Fd&( FS)% 4~6
R, Ey Wy H
= 2.22
RU S+ C ( )
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VIR, G H SEESAE InchiE et Ve 1in, 27/08 A9 01 in

@ Michigan TH =29 ¥

R="gv¢ (2.23)

C 01 in

@ H

o,

oF Aok AE:AIMA ¢ oA

R EyHp

S+ L (2.24)
A F
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1 vlo] o] E9 o3 THEhA xxyH FAL

2l 1 267
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H 2.6 0|20 28t s9stA XX 34
A ok 7} 2 A .
- . .
Krapf - Stern p-AE| STH2WyHL Wy+e W, 3
u L AE WH+ I/I/’[}
7 2 oW, HL
Redtenbacher R — AE| e ST+ 2Wy Wy 5
u L AFE WH+ I/I/;]
] . i
Pacific Coast R — AE gy S HAWyHL Wy+e W, 4
u 2L | AF WH+ VI/[/
Bureau of Yards » W, H ;
and Docks “ S+ 0.075
Ritter R,= S Wyt + W+ W, 3
Gates R,= 104.5 \Je, X Wy H (2.4~ logS) 3
. 1.25e, Wy H W+n*W,
Modified ENR — er Wm Wy 6
! S+0.1 W+ W,
2Wo, H
ol XA A 31 A 21 (5S _ H -
BEARIAIGS) R = 50T
W, H Wy,
Mason R, = SRR 3
B ef WHH
Eytelwein w o o1 W, 6
+ 0. W
oWl
Navy-Mckay u W, 7
S(HO'?’W)

% Fg : ¢Fd & (Factor of Safety)
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A3 w5 AsiAd AL

31 BAAE HHAEH e

TEIEFT A FxE72 AAVIE 2 2003)e o, =etstEol FEEHA %
= o= 5ol skl Ast HAS el st (P)-AZHY)-F 5
sto] gE3tTS et A FUoAE S - log t FAX, log P - log S =4l

W, dS/dlog t - P AR S Faz sto] FFH o ddaof drpa AAeta
T stE-HeHdEe ol &3] Tomlinson(1995)e] oJstd =3H(3ty))stsS AHA S
7] 913t Brinch Hansen® "3, Mazurkiewicz®] %%, Chin®] W', De Beer®|
H(EAY), Davisson®] WY & AR&SaL glom olffo = HeFriEoer =3hs)
T2 FAst] AAHS A= wHe] Adn A, Ill= =) sk 2] A ol
obd @&tz el Aol o5 WHE ol&dte dE i e AHEo] =T
B, L3 Wyolgtx: o] wEl vE tdE&S A&ste T4 wAlFel e
Fel Al A& B3 HEI Alastd

TEO st (P)-AHY)-FstE(S) A= FHrpzE g dax A g glo] 1 54
o] Aolsttt. AeA A= FunpH S Feste] FAHsts AstAIF A ot
FHnEE L 5k 719 Anledte MeEdS BolFH, @ A4 #Aglo]
2 4~6mme] st =Eetd SEAEZE "uh v AR A H 2 Vesic?
T2 7ol AWk A w33 (General Shear Failure), =+ %4 w3} (Local Shear Failure),
391 d &3 (Punching Shear Failure)e] 7o we} sts-FstsF A 7F thoksl7
L e

‘EP% S4< F7heto] siM sk W,
stz Alstel whe wEAR] @AW E ndsts WY S TR A IHol Aty
RAA ARk, e, Alvzde] gddes 25 UHHA s WeA A= @
A
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o

Agol 27H 3 AAolr ol iy Y& E7FdE ApolE

Asts Wetow s Ast Al HAstE HeEFwE V|Eo R sto] Skt Ee A
Astss AAste WHol FHEA AMRE7IE gt aga FEstE] og dA S
S¥ets o WA Hrteoe AA R Ak Ay AAVIFd A= 2l wE 3
559 #AL Semi-Elastic 993 Semi-Plastic 999 S3tllA ZA= = F5-7F
gon Fstes xS 7 AdeS AAe Jdvh(Canadian  Geotechnical

Society, 1985).

Sts-F oAl kS o] &3t TE SotstEs ¢ TS AAstE WHS
Agstd o % 313 Zo
H 3.1 o3I=-&0dl-Al2t Z2HE 0|Se NASBTHFUY
T i @+ A 4 9 H] al
Brinch Hansen® 80% =%
Mazurkiewicz B
=3tsts H AW | Chin W4 b & 3ulA] 25 A&
Stability Plot ®H
Brinch Hansen® 90% =%
S -logt
) log P - log S
| At i 2 A&
° °r ds/d(log t) - P e
Davisson

3.1.1 S3etF BALHY

7}. Brinch Hansen9 80% 49

Brinch Hansen(1963)¢] 80% 71zl 9§ F3tste S At WS o33 2o
AA A Ag8 GAE QI TEFR A F()E ol &ste]l VAo A
of g e 17 319 2ol A-VajQ BA 2Z e BA 2 ZeA A
Akl 13219 712 71(CeF AH(C)S A g

i
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AR 71E7e ARe A QD (B2 HEs] =3 (Quan) T Al H
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. 1
Qu(ult) - 9 m (3.1)
_G 3.2
5—¢ (3.2)

71A, Ci& A-VAjQ BA ez AT s g 7leln, Cox HHoltt,
Brinch Hansen®| 80% ¥4 W o A &Ae3} Al A b5 2ok
(1) sts-#st= o] Al EE(Parabola)o] etal 7474 gt

=
(2) W2 AP = Alge 25 AEe 5 oAk &, QM Testet SM Testel]l B
3) F&ez st F7F fle BHA Hstde] FIdim FTst=
=1
(4) ZEAAAS T dol= E5o F3sse AL ¢ gla, 2d=E a9

T 8lth
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) A sH(Unloading) 7717} 23 A Y €333 (Plunging Failure)7} doub=] o
= EA st R A= At Kskt

Y. Mazurkiewicz] W

Load (1)

settlement {mm}

FA3 sts 3 wxiel Sgkstso] €k
Mazurkiewiczfﬂ HhH o] A gALalat A gk
(1) stz-Fst el A9 EEAdeolgt

80% W Ao Hls2d S 7 5 3
A

) A3 sEael wAHEe] G4 dAMd] Uehbs AL ol d4Ne 1
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>,
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i)
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o] - TME FE Lo A9 e IARMAN 6079 sF-2

F I T 56.7%7F ol A=A, 43.3%7F Aol THE dAshE Aos YEH (A

2l 5, 1997). Chin(1970)¢] W& st5-Hat ZAdo] dwrdel Axd Fez vhepd
W A (33)37 G40 Fow waele A4 How AR WA & Y
. S
P= a+bs (3.3)
S _

4714, p= ASEE, gt Potdelth sle] A3 HolN gowd W, pel A
2ge b7t Hu, o gage] wEe F@AAGe] Hrh A B Lol x, vES
A7 g S AE sl AdAgAtE BAGW 19 333 2ol U] G
o, o] AAel 71LV2RH FRHFS T 5 9
JARABANE A o] B A AP
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2}. Stability Plot ¥

Stability Plot W¥< Chin WHS 7/lAd3 ZS=Z Roscoe(1984)7F 7 teld o™
Neely(1991)= ©] #iio] AlgAde] glvka #7438ttt Stability Plot ' % Chin %
Mk 22 e AsAFATE Feste]l a1 349 2ol g/p ok g A 1
e 1A

Settlement/Load(mm/t)

0.00

0 10 20 30 40

Settlement(mm)

1 3.4 Stability Plot BEYEN X8HE g_ g/p 2BARH

Stability Plot WA E S FunldEe 27 A4 71g7]9 d5olu A
FaAAge 4 @5 olal TR FAAVAALL 4 350l oa T BHe

QA FRAALel ) FRFUn LS W ol

JH

A

= myA+ C 3.5
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ANN, @ pui® DA FHAAZ, = FoAd HA V18], AL BEHF
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v}, Brinch Hansen¥ 90% “
Brinch Hansen(1963)2] 90% 7|52 AldizlewlHog =dtslsS

= 4RAAE e 2tk 19 359 o] 8- %a%k =4

o
M
u
oo

o= (tf)
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Ty rrrrprrrrp e rTrd
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35

o Cit il v v fyaag

1% 3.5 Brinch Hansen2l 90% &M HEEHE= p_g 2AH=H

WEO FHEHFEQuan) S 7HA T olulel Hsk(awS AT 0.
Fol FasFe 0%elW, HF Quut FREAFoIth o PR FRNFL A
S 90%el M e Wt mush: WAL et FaalFe] ATk YA
©% CRP Testdl 4§HM, £ FFshe #A7 gtk 2999 Fe 2 2HA s
N7 E3} A EA7) 253 B ISSMGE)A o we s 9
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3.1.2 3535 AALY
7}F. S - log t &4 ¥

S - log t AWl o FdaetFo AU HES 19 360 vEht low AHAA
A= vhest 2ok 7 Astedlel dste] ARALE B Fog Vo, BEFH
st (S)S Atsmwewol 2t 2 st dAlY BAde] Aol HA &= Ao stes
FuaFon @k a9 3604% 25t sl A 0% A% F BAMe] Qe A
Hojup7] Alzkglon o] we] slas FdEsteosE & F v dEFd &S
Jow wHstd FFFL 24T 4 Ak

50

45

A0
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=T
E 30 F—## =+ 248t
E Fd_'_.“"”ﬂwf = o
50 =t ot |
i — zamit
|}:' uh-f—'""_'”__-'
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5 & o

1 10 100 1000
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1}. De Beer®] ' (log P - log S £44)
De Beer(1968)¢] W& ol A log P — log S ARz dyx WHo

hu
1y
o

13 A4S PHe eIt 2k U REES ol§ste] 1Y 379 o] 33
s S ;zau} of W AR T Ao Al Al fik o F oA
Hel wAge] FRHFoR oAtk o PP APHEI = GEAs AW

Log S(mm)
10.0 100.0 1000.0

100.0

1% 3.7 De Beer2 280l OlE2%= logP - logS A=A

dS o ax
o} 7dlogt P A

=P Al hE YEAF AWES 27 38 vheh Qv 2 1

A g A 2 ASEAA 2 A0 ol Fol dEAsEE [ 5,

S - log to] AAE Fabm, dfoit _p S SES HE| EAWT o9 po WHow

2
oA 71e717F HA43%] Frbsta gler® o] we s Ytz o & 7 Uth
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Agnttt TAAIE S mhdste] dE SRR %]“EPF*-O«E oy oFE AAsE 3
t}. Poulos(1980)¢l <] st A
o] 19mm ©]&t7} HE=% #gst=s sta o Lﬂ%?ﬂéﬁﬂ’ﬂ A&7 A7E=ES
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EZ-Fsso] 25mm, 2 Alotell A AL ¥ = 40~80mm, Terzaghi and Pack(1967)¢] =

gk 2omm & FHAT VIEEC] Avh AA Y VS BEY HAANHALE UHc

HA7E o] De Beer= EFYEES] A 5ol& 25 249 10%, dFetd ZAYE &

oM w5 Ao 30% WS v|For & AL Aoteta vk ey A e E
o

4
o Avg wom A% AAsE

wAZE Atk B EE ] A X Ho] Atz WA XY d T
vt o] vlgo] AolstAl = aL, ofol wheh wES] shT-HekwF AEo] A= A
= 29 5 flvbs 9ol vk A Mekd 7ol wle) 2EAE d%e Y
g FoidetE =S € FA Aew deiA oy HAAstE Vel o &
£o AAsts 242 T AdHd W sl 48 & oy, weA g 8
Aol vlalsh= Aol sttt I, A Ve ores TE HA 10% A
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I 3.2 &S JIE(st=3XLB83, 2002)

NFEW = Aok A9 T g Woow
dE EA-Fsg] 0.1D - A 2 sHAsE
S P e 0.1D -

g Tomlinson 0.1D -
o Singapore A|3}2 7] 6~9 - éj‘jﬁ] e
. 9~20 - AAsEE 1.54)
b AR B A g3 2% -
s 2] Al o} 40~80 -
_ o] gl
De Beer gég - %g;gz’;%
5, Ty w7 20 - AGEP 5
A 5% 2 ul7) ok 15~20 2.0
L =Eg o} 25 -
yEse, w44 71+ 25.4 -
ol% 1S:2911 7] % 12 15
Muns(1959) 20 -
2 Terzaghi/Peck(1961) 50.8 20
Terzaghi/Peck(1967) 25.4 15
o Woodward(1972) 12.7~254 | 15~20
Touma/Reese(1974) 25.4 2.0
A | AFFH AT | ) 30~40 -
_ % e EE e
Faol} A%A T 2e TEE
3 ekl 7 4 0 ] 5] DA
Tx%

FH YAY ERATE |60 - U ARERaTE
e ==2d74 40 - U774 dgeans
,;ztjjg“i 1520 20 | 277 dgedns

A FA53] 7E 25 2.0 AY AT 5
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v Fo| Aol TR 6.3 mm 2.0
- o HAE AS7)E 12.7 mm 2.0
o1& IS:2911 71+ 6 mm 15
™ A A% = % mm
=) 9}d] Veritas AFF-24 20 mm 2.0
5t Magnel (1948) 8 mm
Mansur / Kaufman 6.3 mm
Woodward 12.7 mm 15
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2 243, 59 36}0}‘5 A5 2 gEsts iAWy DINY g5 2749 25% &
Q5% 7129 COBSl 63mm 43S vnd 2 dxshy A= Aom BHIY

u, B2 AAZIEAAM AEs
| AUAA = &S 2
sel S3sks Y R dEsks Mol Zta e HAAES

U= Aoz deA vk webA A
74]‘5}% 274 A e *é?ﬂﬂﬂ% 2 43 AdE o] VlEs T3 ®Wol Flsta e

], sl e B5E F A9 25% 71Fe] wol HE¥a

ol

3.3 TAFAE ALY ML

FASAYE Mex+= a9 3107 2ow, E53EREA 7| (Pile Driving Analyzer

PDA)= 1% 3113 o] 3 &£ko st SA Au|=4 e} vl gt w59

e wf Aol Ass AHFststrl fsiA AFEEY. S, PDAT WE9 AAH,
A

Hammere] 53 9 oUx fdge] 54, 9% ek $AN, 25 £4 ofF Fo
A7keh obge SEWAA] NEAQ QAT AFL Al P S =48

o AlgRT
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1.5-2 00 Test Fie

Strain Transducer——’::
Accelarornater = ||

——
NS
8 3.10 SMOIAIE s a8 311 25

_S:F Pile Dnving
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Et 24 D[(PDA)
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331 FAAE # E4EH

5 EHERHE A 7] (Pile Driving Analyser)© 7239 ¥ 3 7(Strain Transducer)®} 7+
Z7(Accelerometer) & Al E 5] FR(E5] 27 15~2v] "ozl A 3ol L8 A|
713, SAE D5 HYESI MERE o] fsto] TR AAYE
HI 24, dFeA tdgt Algoz &4 EEIEPGH e 54, AW AE
(Damping Ratio), vz 37| FHupzHe —L‘%E, dEo] HAHdE o #Fo
sty 19 30200 Ao o] WA A el FhEEA e
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T 3.4 Y=SEHEASI|(POA)S AL &S XI(Pile Dynamics, 1993)

= 9 X 2l &

CSX Gauge 91AolA 9 Hdf h=8&9

FMS Gauge 91AolA o Hof SF=

CSB wE A e Ho o=5EH

CFB TE AR Ao o459

TSX TEro] A&t A S

CTN W] ArgshE Ho 1

DMX Gauge #1x[oll A o] =) W

EMX Gauge #1#[olM 2] o) d2oluA
BPM Fet71e 29 g4

ETR A dd&

FT1 AlZHED L o] 2H8-H

VT1 AL w o] JAREE

DT1 AZHED L e w9

WD1 AZHt) Y ®e] stEFaH(Downward Wave)
WU1 A ZHt)E w e ek (Upward Wave)
BTA TEo] EFAEE Uedle dde A
RTL o] WA A& (Total Resistance), (44 +%4])
RSP Case Wol ok G2 =3«

PR# Case Damping(jc)e] 0.# ¢ wje] RSP
RMX Case "ol og Hof B4 =A#<
RX# Case Damping(jc)e] 0.# ¢ =] RMX
RMN Case Wol og Ha F4 FeAA <
RSU %7] Unloading< 2A % A4 3=
RU# Case Damping(jc) 0.4 ¢ RSU
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8 3.13 XXX O

o0

o0

o0

W o2 CASE Damping

AAGoRA B A A

ghel FAlo] wEol
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AA DL A 2
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AE/C o TEo] 9y~ (Impedance)
T T4 AFHEE TOE HAd vYPEEe wEo Judso vt 7HA
st o, v EASTES CASE Damping AlSGE A s 1L, 2 (3.8)3 #o] vebudct

(Rausche, 1985).

RD= J, AC],E Vy

(3.8)

= JC[( AC},E)VTI +FT,— RTL

o]7]1A, Jo : CASE Damping 7<¢

Ve oo owE dde] 9asE

AAl FepA ol CASE Damping A& 183 4 Ad9s AATL=ZH

RS= RTL— RD

1

= L= TFT +(2E

el

La—soirn, - (AL

VT, ]+ 5

A (39)el FT,, FT,, VT,, VT, = ZEE472 A, Aute] Fx7o wet Je
(Damping Constant)S 7} 3Fe] Al4ksk
taw, 4 AAH AFAyete] FHRAAE ol &t Fslofof dd AWkl

2 A Jogkel FH3S I 359 23 (Goble, 1975), CASE W9l 2 & o= 1
g 3.14¢9F 2t
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o,
iy
X
o
fr
I
X
12
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A A Z-2] A¥kxzA Je AT g Jc Aorzrel e
X7 0.05 0.05~0.20
HAEH Ry &=
wed AE 0.15 0.15~0.30
HE 0.30 0.20~0.45
HEA HE &=
qEA AE 0.55 0.40~0.70
HE 1.10 0.60~1.10
FT1 + VM1 .
orce

150.0 kips
5.76 ft/s Ry

r—— \T2
AN

AL

AN

N
I T T T ] T

7
-

(=]

Total resistance

RTL= 1/2(FT14FT2)+1/2(VT1 -VT2)(Mc/L)
= 1/2{334+184)+1/2(12.9-3.5)26.1
= 258 + 123 = 382 kips

Static resistance

RSP = RTL — J(VT1{Mc/L}+FT1-RTL]
= 382 - 0.4[12.9(26.1)+334-382]
= 382 - 115 = 267 kips

I3 3.14 CASE &&¥ 2
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(3) CAPWAP =

CAPWAP(CASE Pile Wave Analysis Program) %<& SetEA 712 =43 3(F)
7 H2(V)E Al HS o] &8te] AAZA(F 20997 @ Fo Ay By, @AH
3t 3A(Quake), #4]&(Damping Ratio), Toe Gap, Geometrical Damping, Plug
Mass)< 7HA3stal Axtagd ) S4 939 & vastd A whE A4kste] 7 3tgo] X
& ujo] FHAE ol&eto] EAF A A A A Y =4 (Simulated Static Pile load Curve)

of AA SIAAY S A= A olvh & 3.6 CAPWAP Aot

H 3.6 CAPWAP HAHYH

DEER: A2kt ) 515}
A% A%
A% F F
WD WU WU

ﬁ
4
o

Unloading Quake, Unloading Level, Reloading Level, Plug Mass, ¢ # 3%

3.15¢ 19 316 #Fx) So|t}
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| Bottom Skin
Pile Segment —-\ ;:|:| Friction

Skin Radiation
Damping Model

Toe Soil Segment

1

Plug Mass \
Toe Gap
Soil Mass
Toe Radiation
Damping Model
O 3.15 CAPWAPOI A2 2=t M0l CHEE &2 NME 2E(Z2EE, 2012)

‘ Resistance

Total static
bearing dapacity

Reload level

Displacement

-
Unlogding
Toe Gap Quake ’ Quak
o [ il
1% 3.16 X LdotMedn &t dSEoteE(2E Y, 2012)
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Goble(1980)2 CAPWA
AR & A A A A S H]I’L?} A AR oF £15% o|ste] eatE Rl
Tttt CAPWAP W2 FEta Qg w5 W7t St o A4
Bl b i 7:‘&0] now, ofw dHRF S AbEet=rfol] we FAHE= A
of ofzte] Zol7t g

T3, CAPWAP éﬂ**éfjr% DEIEENV R SAHE AFY gEAAEE 456t
n=2 $935E F(Setup Effect), &= o]¢t &7 (Relaxation Effect)ell ©] st
& 7=l o8 dEojof gk

B

) Feol 7o) 37}
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Liquidity index, LI
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gk Aow A HSH

Ao = Brinch Hansen® 80% % Mazurkiewicz® 74 HH 3}+ Brinch
Hansen® 90%° A+ A &orw Chin® HALHAAM= 1,666tf, Stability
Plot &AW H A= 89tf= A H AT £ 44+ d5AsH A FAH(E Yt AT

f
P‘l',
ofy
HE k1

H 4.4 2ot AIFZ2 (22 0] 50.4m)

_ 1835 A3 % (mm)
AsA FEEL] A Y EE)

60 0.92
120 2.89

1 180 6.37
240 10.55
300 15.52 0.59 2.71
360 20.24
420 24.67

2 480 30.05
540 35.28
600 40.98 2.78 541
660 4743

3 720 52.55
780 58.06
840 64.15
900 70.75 6.14 6.60
960 7751
1020 84.23

4 1080 91.06
1140 98.99
1200 107.63 17.79 0.09
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(1) Chin¢ A+

Chin®] =t d47|HE A& 43 23 & 459 2k

H 4.5 Chin 2421

AdNE s s/pe AT 1A 7171 ) = &at(tf)

HSP-1 y = 0.0006x + 0.0373 0.0006 1,666

(2) Stability Plot ¥4
Stability Plot 374t

W o
=]
gow, S3tsty &4 Ay % 479 2k

H 4.6 Stability Plot & EA4Z1t

141 = s g/ pl ARz o . =
AEHs ) &Ny | AT Sakal 3 (i)
HSP-1 |y = 0.0006x + 0.0373 0.0006 0.0373 889

I 4.7 =stots & 1}
=3k 3F5 A (tf)
F % Bri -
Hfrrllsr;hq Hlirrllsne;hgq Mazurkiewicz Chin®] Stability Plot
oy e || 9 wAwY | 2y
HSP-1 - - - 1,666 889

Ty o] &disFaa 7]l S-Log t, Log P - Log S, ds/d(log t) - PZ

Ay FHek o] Yehubx] gol & 8-X A He] 600tf o] Fo 2 A QT

Davisson®WH ol A += el AA 7= o] 83150 A83li= Offset Lined} w+
]

g7 ero} 8] &AA DL G00tf o AFom BAH YT,

)
ofo
rot
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ol
O
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x
i
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5 tedA ) RSP
T % a4
S-lLogt | Log P - Log S| ds/dlog t) - P Da;;i;ﬂson (tf)
HSP-1 1,200 1,200 1,200 1,200 600
Aedr|eom Seetss Hrkete WHE Adddstdried ddisdriee
2 ghEete] FReie WHol ok B AFelAM e s dXstErIE FolA o
o Bfgda 5o ®ol] A& 3+ 01D AuiHsFr=H 25.4mm, 20mme] 7]
B o8 S%stse FASAT. HAAY E 499 o] QlE ISt 2911 7|l A
Agem FAHAdeH, HAuYgores Aoy AHFAlE AgATL VEol =S
AR EA At

R g 20.0 - 370
7] o] 20.0 - 370

A & Zup7]of 15.0~20.0 2.0 290~370
L ~Ego} 25.0 - 420
A=A 25.4 - 430
TEA 7E 25.4 - 430
% IS:2911 7l 12.0 15 280




= ‘4 AaFgr = | 38 AAH bl
e me A | BRI G (th) i
MUNS (1959) 20 - 370
Terzaghi / Peck (1961) 50.8 2.0 690
Terzaghi / Peck (1967) 25.4 15 430
Woodward (1972) 12.7~25.4 1.5~2.0 285~430
Touma / Reese (1974) 25.4 2.0 430
Tz AT AH AF4 30~40 - -
F5 3 stel Wzt
. . 80 - o5 | o
Aol YA FHAl A A= FRE
et G4 L= %] ) ol
2} T 40 B 505 55 _ }oll
e rE=
Ay EAFI 0.1D - 9003 | A2@AletE
A= NxTH E 0.1D - 903
Tomlinson 0.1D - 903
AL £33 %5 - 420
o] A] o} 40~80 - -
De Beer 0.1D - 903 slel dE

AAsFl A FARFS W ARAHPNFol Atk AFARPNFL #U5HP
lEoleba @ el BSS004 Code(1986)01 4 & W2 A aeo] e Mg
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A ek #RSF NFoR FRAFS s PR 3220 AAH s
wol AdAs s Ed Al JlFon FRekel BEA® WEel vk MEA

;|

2] % 7]%, New York City,
BOCA, Uniform Building7]=ol A Al 8t 0.25mm/te] =33t 715, C.O.E(Corps of
Engineering)ol A AM-&3tE= 6.3mm <=3 3t AFol s vge &3
st B A3 HAgow % [S:2911 7]+ 890tf2 EAEHAQon, HAYggpons =
e DIN 4026 71, 42057127 %00A 1,200tf= 24 ¥ At

o
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AN
o
s
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ot
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H 4.10 J|&E8 =2ol 2&4Z
) shary) = ) _ v} 2
Ny we A | FAIE L ggaqee 2w oag gas | B
=] DIN 4026 7] = 25%D - 1.200
e 2.0%D - 1,090
ARAZ| 2 7%
deds7127 25%D 3.0 1,200
AA 71 - FaiAd
duta7| 2487+
=271 %2487] 10%D B B
DS:415-1965
Hw Tew A% 6.3 - 900
u) % AASHTO 7% 6.3 - 900
n) st folx|ol} ER 6.3 2.0 900
nE RAE AZ7)E 12.7 2.0 1,050
o % [S:2911 7% 6.0 15 890
Mok Ax7] = 25 - -
g2] Veritas AFF-4 20 2.0 -
Magnel(1948) 8.0 - 950
Mansur/Kaufman 6.3 - 900
Woodward 12.7 1.5 1,050
T 4.1 BNGAE 242D
7434 1) 2 A 3 8 = (mm) ZH7- 3 8k = (mm)
2| agee | A9 7+ 7+ 7+ 7+
v BARE | ARAT | me | adez | ades | adeE
(th) (th) 10004 | 200%9A | 100%%HAl | 200%%H4)
HSP-1 600 1,200 40,98 107.63 278 17.87

¥ BH-1 3boll AAjstglom, 29 4183 %

0w A ske] g Ajekstsol whE St
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SG-17

SG-16

SET1e o =zl 5 =y
SGE-14
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SG-13

SG-12 24 Zm

SG-11

d
Lik

=.5m SGE-10
SG-92

S5G-3 PN S | %I =
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E
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SG-Z = i%_]_o
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™ 4.18 Strain Gage &X ¢B¥HE

Load(tr)
O 200 400 00 800 1000 1200 1400
o} - -
0| y=acas
20
30 I 4
peaAass] |
A0
50 oS ST
S
feasassiges
50
1z200tant 1140tont = 1080tont = 1020ont ==&=-ge0tont
S00tonf a40tonf ——=—— T80tonf —— T20tonf —a- = 660tont
—=— 600tont —=— 540ton{ —&— j80tont —#*— 420tonf — z60tont
——— 300tonf 240tont 180tont ——+—— i20tont ——— e0tont
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Stress(Hs mz)
o] 10 20 30 40 50 60

IO ITIIIE . '

01 uecmzas i

20

Depth(m)

30

1140tont ——— 1080tonf === 1020tonf ==&=-960tonf
840tont —=— T80tont —— T20tont —0- - BE0tont
—=— 600tonf —=— S40tonf 4gitont 420tont = 360tonf
—=— 300tonf 240tont ——+— 180tonf —+— 120tonf ——— g0tont
1% 4.20 Molots & A8 HAFHMEH X
Stress(tf/m?)
a 10 20 30 a0 50 6o
i] ™ T T T
0 | y=p=as [ 77 = i : 1
20 - | i i | 1
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;ﬂ' 30 ! { § |
40 i I— i |
50 P i !
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422 FAFAE ANEZAH 4

SAsAIE 2] 49 PDAPile Driving Analyzer)E AF&3F Al (ASTM D 4945)S 4
AlE9lal, 3 4137 #Zo] CAPWAP A A8 BEAA 27] e} AFAHOZHE |,
37+ Restrike Al@7bA o] FHnpztel e Z7FAA N Ao A€ Algte] A5 hAsh=

Q4

Aoz FAHAT FHupEE L A ZFE o] W& SetupE ol 713 Ao FAHT)

A2 2 o] 9o i= Relaxation@dd o2 Fest7| Bt AZF Aol o3 1
vpEe o] F7Fgto R AlF Al 16tf, 13tF T e BAd A e AERS wE
R A Zgk Aor FAEJT 53] AIAAY Restrike Al @A A o] FHAst
© AFS 248N, ol EAAHS daHTee A4S BT APdEE 3
Mae] 3] &AAH 2 270~381.9tf= =AM HANSH, 3EAAH2 AldEE HSP-1H 9]
7bd A3 HSP-3Wle] 7 A& Aoz EAF
H 4.13 STGIAIE CAPWAP 2421t

CAPWAP 24 3}(tf) &8 # A =
Pile NRFE o . &]-8-# 4]
FHu e A A AA A A (th)
Z7] %t 100 645 745 371.94

HSP-1% N

19 &el 192.45 561.94 754.49 376.94

(50.4m)

12 &g} 429.08 335.82 765 381.94

% 7|3 €} 107.35 502.55 610 305
HSP-2% N

19 &el 277.04 336.22 613.27 320

(49.9m)

12 g} 432.04 207.96 640 270
%7138 E} 100.92 439.08 540 270

HSP-3% .

2 e} 254.49 310 564.49 281.94

(50.4m)

12 g} 430.41 168.06 598.67 299

T Aldsh go] AAY RTATRE BUAY FUntBYS HE Restrike Al @0l

NEQa, BT A



T 414 ™Y HAEHXXSE & FHOIESE 26431
Z o] G A FHvpE G A Y AR A
APdEEAS ) )
(m) (Restrike 2)(tf/m?) (EOID)(tf/m®)
HSP-1¥H 50.4 3.8 1,623.6
HSP-2¥H 49.9 3.9 1,265.1
HSP-3¥H 50.4 3.8 1,105.2

Az A3l e AAY Aol A 23bde] AA Restrike AW stk AzEH
= R Adel GF-Aad Hk dnd FURAL a9 429 29 42
%

of JERRT. A%ET BAEH Setupd] o7 AA

Relaxationol] 23 A A8 Farddor FEH=d & ArolAs Abbd Aok Add
5(2009) 3 zEo] RE EEoA AWk Setupell olg A A FrhEFo] FlE Sl
19 4.229F #ol st-HFekd FAolM AZE Aol whE AAH Frh= Aot
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200 400
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DOFFSET

—_—EoID
—+— Rastrike (18 I
—— Rastrike (128 Z2H

1 I

ELASTIC COMPRESSION LINE

(a) HSP-181 &

o} £

=
(=]

8 4.22 otS-&otg =4

—E0.p

—— Raaorke (15 T

== Raswke (178 #TH

-1
ee (04 i Hl
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010 20 30 40
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ZeEcl e (i
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24

H

e A= % 4159 Zow, e d=5H2 s&US SEd

MPa(0.9 x 440MPa)e] 90%¢<! 356.4MPa o7} =HE=

ry

12~188tf-m=EA] 3|m ] o] &2l Bl A A 224tf-m tH] 74~83%°] oA A<
&S YERIT HSP-3W 5= A FF 16tf 814 & AT A A= 13tf
Frotei 2 09m =olollA A A AU A 12tF-m(13tf 37, 1.lm= 2HAHE
4% 14.3tf-m) thH] 83%2] U A HE&S el

% BFA 3¢ 1,752~2,1038t2 Alg#HE HSP-1Wo] 7Hd e Aoz BAFEu

B ol N E S0mEA A AFFEF] Swek el wBlE BA4H A

.
—_

EFA
sorar | CSX | CSI | CSB | DMX | EMX | RMX | %€}
1o H O

] (m) (MPa) | (MPa) | (MPa) | (mm) | (fm) | ) | A%
(m) (mm)
HSP -
. 50.4 14 20] &} 261.8 269.5 269.4 46 18.8 750 | 2,103
HSP -
ow 49.9 14 20] &} 207.6 2457 220.5 47 16.6 610 | 2,032
HSP ]
o 50.4 0.9 20] 3} 192.4 245.0 169.7 41 12.0 530 | 1,752
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AAY FA A% AA FHAAHE AAHY] AAN PREIN AN EGFES
FR . 2003)00l A AQEIL 9

A
Meyerhof 72324 S A&3190 AdDE A4S % 513 2}

PRE A7 7 22 BRI E 9] 7 W7
=0T (D, mm) (t, mm) (I, ad) (D, mm) | (d’/, mm)
EIRARAS] 711.2 12 161128.84 711.2 687.2
T A A AGAHEHA Aggdi A gu o 7] o]
(U, mm) (Ap, m’) (A, m’) <Az’ m’) (tf/cnf) (L, m)
2234.30 0.3972 0.3701 0.022 4.4 49.6

gty AAH FAol o3 A SIAAHS A7 fiM FRE=72AA7
T (T = F-, 2003)01 4 AbstaL qAleHe HEskdvh A=AdE =017 skl A
=

Jat g o A FxALe BA X = BH-19] 73t

b9

)
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o2
=
off
e
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R
ol
o
o
oo
ol
o
s
M
>
o
>

H 5.2 AIZXA 24 XI(BH-1)

A= - = FREAEY | o -
T ! (m) | N# (tt/m) gz | HHH
qEA
24.2 ot 24.20 9 0.80 % -
B
43.2 e 19.00 2 0.75 - 9
ING | 484 | =zrmy 5.20 24 0.80 33 -
49.6 F3hot 120 | 50 253 39 -
52.5 o1 gt 190 | 50 - - -
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Sz & 0l st FFC0E g
0 EE
BT N FHnESH SEede] | FHvbEY W1
(m) (tf/m*) U(m) p,(th)
24.2 9 0.2N 2.23 0.00
19.0 2 N 2.23 0.00
5.20 27 0.2N 2.23 63.99
kil
1.20 45 0.2N 2.23 24.61 u) 22
38.6
(B) BH-2 ¥=HH0t=
= BT N FRnESH G de] | FHvEEE W1
° (m) (tf/m) U(m) p,(th)
A E 7 g 22.7 12 0.2N 2.23 0.00
HEHE 20.5 4 N 2.23 0.00
Atz 1) 6.2 15 0.2N 2.23 42.38
kil
At 54 50 0.2N 2.23 123.05 o} 2 2]
R 165.44
(C) BH-3 F=HH0tz™
BT N FRnESH G de] | FHvEEE W1
(m) (tf/m*) U(m) p,(th
23 11 0.2N 2.23 0.00
19.2 4 N 2.23 0.00
7.2 37 0.2N 2.23 121.41
kil
51 50 0.2N 2.23 116.22 u) 22
237.63
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(E) BH-5 S =0I0pE e
- . rE 35 (tf/m) Eia
Xl% Xl% Zlo] _‘;r_% m ° /m [3 f vzr_xo]_ Qm
TE | o] B ~ n (tf)
e | A9 | sw | G (m)
NEA
w ) 23.2 23.2 8 0 19.8 99 0.35 | 32.48 2.2 171.71
AEA
qe 19.5 42.7 7 19.8 33.3 26.5 | 0.25 | 63.46 2.2 282
A 453.71
T 5.6 PXE2IE SHIIE0 28t 52K A
. AaAAE | AFuo Ry | LEuopgy - SRR
(tf) (tf) (tf) (tf)
BH-1 607.74 88.60 468.37 3.0 75.99
BH-2 607.74 165.44 460.27 3.0 104.30
BH-3 607.74 237.63 443.53 3.0 133.94
BH-4 607.74 195.88 473.88 3.0 109.91
BH-5 607.74 184.03 453.71 3.0 112.69
H 57 20 TEAYAON o8 52RIKS AN
L | AuxAY | gFdnidy | 2RFEdopze o SRR
T (tf) W (th) e (th)
BH-1 607.74 88.6 468.37 15 -4.14
BH-2 607.74 165.44 460.27 15 55.19
BH-3 607.74 237.63 443.53 15 120.05
BH-4 607.74 195.88 473.88 15 61.86
BH-5 607.74 184.03 453.71 15 74.14
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53 $988 A7 Y

Hiley, Weisbach, Janbu,
Krapf-Stern, Redtenbacher, Pacific Coast, Bureau of Yards and Docks,
Gates, Modified ENR, ¥ 7144
§ 3ol

E I =

Sander, Engineering News, Danish,

Ritter,
JA1 2] Mason, Eytelwein, Navy-Mckay & 2]& ©]
LB AAY BAS] A FHARE LA 18 o

3 51500 YER AT

2439

H 5.15 SEIAIE0IA T8 Heat

2w e T F k= v g EMX o
= =2 7 (cm) (cm) L=ty R (tf-m)
HSP-1 0.16 2 05 18.8 0.84
HSP-2 | 711.2%12 0.9 25 05 16.6 0.74
HSP-3 0.2 3 05 12.0 1.03
T 5.15 A=
. e ) e et Arsd | wgAs
- o A = 5 (cm) (th) (tf/m?)
HSP-1 263.6 207 10.4 16 1.4 2,100
HSP-2 263.6 207 10.3 16 1.4 2,100
HSP-3 263.6 207 10.4 13 0.9 2,100
HSP-13¥ 983 Axg 243 584428 Mason &24¢ 714 =9, ENR

F2lo] 7h A A5t HSP-2& Mason &2)°] 7F4 =Zw, Weissenbach
sAo] 7Hd AL Aom EAHAT w98 EA4Z43= £ 516, 517, 5183 #Z
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T % = A A (tf) A& 5182 A = (tf)
Hiley 1,140 4.0 285
ENR 342 6.0 140

AL AEA 717 - 717
Weissenbach 684 6.0 114
Danish 609 3.0 203
Krapf-Stern 570 3.0 190
Redtenbacher 528 3.0 176

Ritter 8,500 3.0 2,333
Gates 1,448 3.0 482

Mason 13,029 3.0 4,343

Eytelwein 8,347 6.0 1,391
Navy-mckay 9,827 7.0 1,403
H 5.17 HSP-2 S9stA XK= AL 210

T % = A A (tf) A& 5182 A = (tf)
Hiley 813 4.0 203
ENR 832 6.0 138

AL AEA 851 - 351
Weissenbach 684 6.0 114
Danish 567 3.0 189
Krapf-Stern 571 3.0 190
Redtenbacher 407 3.0 135

Ritter 7,190 3.0 2,396
Gates 1,328 3.0 442

Mason 10,979 3.0 3,659

Eytelwein 6,521 6.0 1,086
Navy-mckay 7,319 7.0 1,045

_96_




T % = A A (tf) Mk =y 5182 A = (tf)
Hiley 470 4.0 117
ENR 433 6.0 72

AL AEA 468 - 468
Weissenbach 485 6.0 30
Danish 472 3.0 157
Krapf-Stern 391 3.0 130
Redtenbacher 259 3.0 36

Ritter 3,268 3.0 1,089
Gates 1,121 3.0 373

Mason 5,242 3.0 1,747

Eytelwein 4,281 6.0 713
Navy-mckay 4,835 7.0 690
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54 A3 &3 B4

A FASAIE A
Xt} Restrike A& A
A QEe] Setup@ el 7]QIgk Aol HA|Ho=
o2 HILHE A

g A st /\]

At st Avs AHEE sAsAIde] EOID A
ol ARRMA I o

AsteE 2 RHsE A

73}

3E 5199 #Zo] AlEEE Ho AAHS GAsAFA ol EAEHASH sA St
Aol €% AH e Restrike A@ Al A@sv]e] gLz ow Aste] AAe AA
HHoh gHA HE A Aoz Auke] SetupEa s 1H T W GASFA P T
AR Ao AR FiEE Ao BAEG,
T 519 8. - SMolAIE XX E HnEA
: \l 2]z & Al & A
AeEsEe | ARTE 51;?;6:;(:2) %l}]ﬂf% }}E}l%—; 2(%1)
EOID 745 1.00 1
711.2 Restrike 1 754.5 1.01 2
(175 ) Restrike 2 765 1.03 12
A A &k A 2 1,200 1.61 19
AA g F7H &S e T8 A ALY 2ufd] gt o, FA4% AAY F
7He e §F HAE = Jdos BAHY e % 5200149 o] TE 37 A4
I} AAGAGTE 083 AT}

E 5.20 NN B8 32N

Rt A 7147] 23 AT
IR RERA S 1.0031 0.002 0.83
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== Skov and Denver({1938)
—t— Svinkin(1996)-upper

—o— Svinkin{1996)-lower el
| — —u— Svinkin and Skov{2000)
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® Dvnamic tests

— A (Dvnami tests) ’_//ﬁ
/ | k™ — ] /‘:'/:
_/"/-’—’
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| o
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A
1

Normalized total capacity (Qt f Qto)

1 10 100
Relative elapsed time (days)

8 5.1 MeHA Y 45X 2=5XX

e
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=
S

I SlelA ek Zol AFAEE F AR o= AR FHHL JFdE B
A ZA = logt/ g)oll MlElR A% Frhsta o] @49 Setup &IE FR3 e
om, o)E AR mE AAY] AFL 7E] AFAAAY w3 #HY

=
Ao apelw EHA gm wHI FF L A, Fo AY 5w 2@
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A% 2 gnte=vt S74gel wheEl Hiley &2l 78 2w 43
ton F7hsh PejE wglth ol gk WiE ENR, Danish, QA FA A E 2

o
A gl gl Aoz BAHA
H 521 AIZtZ 0 M8 L=SE HS2 HE
g | g SISm0 | Hiey | ENR | Danish ;Ej‘i;
e 33 A (tf) (tf) (tf) (tf) ()
1 16 2.0 371 | 285 140 203 717
HSP-1 | 2 14 18 376 | 318 141 204 851
12 13 12 Rl | 453 141 205 716
1 19 25 305 | 203 138 189 851
HSP-2 | 2 17 23 320 | 221 139 190 851
12 16 2.0 210 | 252 140 191 851
1 2.0 3.0 270 | 117 72 157 468
HSP-3 | 2 16 238 281 128 73 160 468
12 14 2.0 298 | 175 73 161 468

oje} o] AFAIE FRlIst7] A= RIEA] FUALE date] FERA] F A
Al Aol A3dt = AFE FAStA S AAlstelofstH, AldA} Setupe]
vebe w= 7bed 3 AU St A EdasE gelste] I 3 1y d e
Al 7lEs Aokttt AlZte]l At Foll AAHo] Fadhs Adfols HEEA
G717kl AA AAE WS gk Aol dasty ANdEe] =es ol A
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Aty =24 = AleHe ¥
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300% 2 A FE A BH-201 % 99.73% % 161%%2 A 5o BH-30M = 67%
2 112% 2 A AL BH4olA= 82% 2 136% =2 w45 AeH, BH-54 % 86%
2 144% 2 EAEHAY FERE 7E2 AATVIEdAE FASAIE Y vl A A3
BH-27} 7} 38 Al 240w, stz AldeAE BH-30] 7 53 A

2 24 E AT

FFH npgE oA = BH-1914 & 83%, BH-2¢14 & 84%, BH-3¢l A4+ 87%, BH-4
A& 82%, BH-59A &= 85% =2 A= o] it 83% =2 4 = Q.
Futde s aek s EAAHAME ks Aol wel s S BH-1 v

A} o|BF2E V)% AAVEAME 277%, 170%, st oAl A= 236%, 117%
2 FAEAI BH-2 vludy FASA A E 200%, 123%, stsxdol Algd s
170%, 84%= A= 9lom, BH-3 HluAdy FAsIAI A= 156%, 96%, 3t5 %l°]
A #ol| A= 133%, 66%= A oW, BH-4 HRZAY EASAFAAE 190%,
117%, 3t o] Aol & 162%, 80% = Ao, BH-5 Hlal A3} & A5A Yol
M= 185%, 114%, 3tsdo] A FoH = 158%, 78% = HA ¥ o] Z=zu A A 7o
A Z3} oo RiE= oz FAFE

o2 =2 7|FoAME BH-1& AlQdtden, BH-2 BluZ3 FAsA ol e
378%, 232%, st o)Al = 133%, 66%= A% o, BH-3 HlwAx &3}
Aol M= 173%, 106%, 3t AA ol = 147%, 73%2 EA = 0o, BH-4 vlaZ
3 FASAI Gl A 340%, 209%, st Aol AlFol M 290%, 144% = A HJ L
™, BH-5 Rl 23 FAskA ol A= 281%, 172%, st # o] Aldol A= 239%, 118%
2 EAE A

o]Z HUFTE AAAHAME BH-1 vlunAds FASAHAE 187%, 115% 3%
Mol Algel A= 159%, 79% = A E Qo BH-2 vlu Ay} FA3IA el A= 113%,
69%, dtZ 7ol A= 96%, 47% 2 B 5o, BH-3 v Ay} & A 3tA ¢ ol A
= 80%, 49%, a5 o] AlF oM 68%, 33%E EA¥gen BH-4 HlwZAd} 54
SHAI ol A= 106%, 65%, dta ol Algdl A= 90%, 44%= A= Qon, BH-5 H
WA FASAFANAME 100%, 62%, dtF o]l APl E 85%, 42%= A F o

7z AAAATL AR @ 22w HAsFe] FAE Aow BAFUL
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7 nEu 34 4 3 (1f)
N G I ER e -
(D (tf) (tf) TxENZ | EZu AzTz
BH-1 607.74 88.60 468.37 75.99 -4.14 111.92
BH-2 607.74 165.44 460.27 104.30 55.19 184.05
BH-3 607.74 237.63 443.53 133.95 120.05 260.95
BH-4 607.74 195.88 473.88 109.91 61.86 195.80
BH-5 607.74 184.03 453.71 112.69 73.12 206.10
140
[ | ¢
120 - 9
x % g :
g ‘Conservative, v
g 100
g 80 - ) ome red=predicted
E 7 50%
1 onservative
40
20
0 T T
0 50 100 150 200 250

BA XX = ()

1% 5.2 SN XS SAXNKE Hlu(REE JIx=&€H)
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S| | 2 e)

HG X X F(t)

140
120 ~ x [ ] -
50%
100 - Consefvative
measured=predicted
80 4
X +*
60 - x [ ] i
X | | 50% A +*
a0 nservative
20 4
0 T T T T T T T T T T T T T T T T T
0 50 100 150 200 250
HA | x| =H(x)
% 5.3 S8XNXEY EAXNXE Hlu(E=2w)
300 7
X | ] 1 L ]
250 ~ 50%
1 5 measured=predicted
Consefvative
200 % - .
i X | ] .
150 1
= 50% & ®
] servative
50 ~
0 T T T T T T T T T T T T T T T T T T T
0 50 100 150 200 250

BA XX =)

FXNXNEW dHXXNSE HR(AF5HX)

IJ
o
o
=~
I
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Aol Al#EAde] A9, Mason &
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el T2 = A om Ak
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e N o %W g g
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) X X i) 7o) < ITe) ™
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¥} HSP-1, 2




2= ik HSP-39lA+= Danish &4 o] A# /o] Aw, Mason &4 ] A AL
7F 7bE 3A AAFEAY ol9k o] Mason 32 A& Al ASxd 9 d4x
2 ;este] Hgafol B Ao AuH
H 5.26 SMGAE NEEEHS XX (SESA XXH)
(a)HSP-1
CAPWAP 2] 4 3}(tf) 58229
Pile AT
REEEE (tf)
z 7)€ 745 371
—1w
HSP-13 1 e}t 754 376
(50.4m)
124 &€} 765 381
T = A A &8 A A &1 A 5
Hiley 1,140 285 0.77
ENR 842 140 0.37
dEAALA 717 717 1.93
Weissenbach 684 114 0.30
Danish 609 203 0.54
Krapf-Stern 570 190 0.51
Redtenbacher 528 176 0.47
Ritter 8500 2,833 7.63
Gates 1,448 432 1.29
Mason 13,029 4,343 11.7
Eytelwein 8,347 1,391 3.75
Navy-mckay 9,827 1,403 3.78
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(b)HSP-2

Pile AlETE e
AAAA Y (th
Z71% e 610 305
HSP=2ul 19 e 613 320
(50.4m)
1243 ek 640 270
T =EHAAH &-8A 4= A3\ A
Hiley 813 203 0.66
ENR 832 138 0.45
AL AEA 851 851 2.79
Weissenbach 684 114 0.37
Danish 567 189 0.61
Krapf-Stern 571 190 0.62
Redtenbacher 407 135 0.44
Ritter 7,190 2,396 7.85
Gates 1,328 442 1.44
Mason 10,979 3,609 12.0
Eytelwein 6,521 1,086 3.56
Navy-mckay 7,319 1,045 3.42
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(c)HSP-3

CAPWAP 4] 2 7}(tf) 3] 82 %) &
Pile AT B
A A A (t)
z 7)€ 540 270
_ 1131 ~

HSP=3 1¢ e} 564 281

(50.4m)
12 8 E} 598 298

T =5A] A & &8 A A &1 A 5

Hiley 470 117 0.43
ENR 433 72 0.26
dEAALA 468 468 1.73
Weissenbach 485 80 0.29
Danish 472 157 0.58
Krapf-Stern 391 130 0.48
Redtenbacher 259 86 0.31
Ritter 3,268 1,089 4.03
Gates 1,121 373 1.38
Mason 5,242 1,747 6.47
Eytelwein 4,281 713 2.64
Navy-mckay 4,835 690 2.55
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A AAA Y F2Ael o) AbEE E&AAHe] AH FHEAAH G 3]

= wE Dol os) AA FEFgFE HAH,
HAQcle dmage] B E M AAEA, BAEY Fo iy
g o el #AEsy] wiroew durErt 34 EA A3} Navy-Mckay 32
2 099= 7HE Aal, 2 vge] Hiley g4 o®2 £4 %A o)ef Wiz A2
A AL AARAT #hol 0.240] Edste] Ad SE&AAHH o] T o A

2]
A7
EAAH bl dAR AAVE Jdvkar B oy Aor FAHgleH, O A=
5

8 o ue
2L

IRV M)

22

23]
(@)
N}
J
M,
u
o
(@)

H 527 s9s/d XN XNE3A gHESL 21
g o4 4 4 71 &7 AARA T
Hiley 305.64 1.61 0.96
ENR 69.35 0.59 0.61
AL AEA 85.04 1.88 0.24
Weissenbach 10.28 0.29 0.58
Danish 49.33 0.42 0.85
Krapf-Stern 6.96 0.52 0.59
Redtenbacher 137.62 0.86 0.94
Ritter 2903.70 15.89 0.80
Gates 111.37 1.02 0.89
Mason 4228.30 23.71 0.81
Eytelwein 967.95 6.44 0.94
Navy-mckay 609.39 5.42 0.99
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+ EOID e
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« EOID
B RESTRIKE(IIDAY)
H —— -3 (E0ID) =
v
% B
wv= 04239 + 49,33
Rz = 0.85
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+ EOID
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e m e+ ol
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