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Abstract

PHC piles demonstrate superior resistance to compression and bending moments, and their factory-based production
enhances quality assurance and management processes. Despite these advantages that have resulted in widespread use
in civil engineering and construction projects, the design process frequently relies on empirical formulas or N-values
to estimate the soil-pile friction, which is crucial for bearing capacity, and this reliance underscores a significant lack
of experimental validation. In addition, environmental factors, e.g., the pH levels in groundwater and the effects of seawater,
are commonly not considered. Thus, this study investigates the influence of vibrating machine foundations on PHC pile
models in consideration of the effects of varying pH conditions. Concrete model piles were subjected to a one-month
conditioning period in different pH environments (acidic, neutral, and alkaline) and under the influence of seawater.
Subsequent repeated direct shear tests were performed on the pile-soil interface, and the disturbed state concept was
employed to derive parameters that effectively quantify the dynamic behavior of this interface. The results revealed a
descending order of shear stress in neutral, acidic, and alkaline conditions, with the pH-influenced samples exhibiting

a more pronounced reduction in shear stress than those affected by seawater.

PHC W& 152 2 8 BHlE| tfat Agfelo] s, 2ol Asto R ol3) #4 wel/l agom
% : Aol de] BEH T AT, PHC W5o] A7) oA

o #HAE /MO St gk olo] et AWH AL
B A3t B sie] 9% G ZhbE 497 ek & o]
= chokgh pH SR, 34, 9714) 2 al4e] 4

k- o
sfell gt & B9k 43 F, Sl PHC WHEAPIEY FEule] e v 9d ARAPS Saskdch. o2 91

—_

, StA gt A58t} ¥rAlaY (Member, Graduate Student, Dept. of Construction Engrg. Hanseo Univ.)
, QS A AR st A3 58t} Z 4> (Member, Assistant Prof., Dept. of Civil & Environmental Engrg., Inha Tehcnical College)

, A gt QlZ A 8|Sk} W4 (Member, Prof., Dept. of Infra System, Hanseo Univ., Tel: +82-41-660-1054, geotech@hanseo.ac.kr, Corresponding author,
A

of e EOIE Ush: HUS 20241 8 31N 1 h§L ST HUFAY] vihch A4 AR WeH g =R Al Sy

[

w
fe Bl oX o oX
|

e o e

|

>~
2

i
M

Copyright © 2024 by the Korean Geotechnical Society

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

CHYEH BFOIRE D248t PHC LE-ARE Kbt &

Ja

il

JHh

Bio| SN MES

Jm

| 5

(=]



wek e} 7)d(Disturbed State Concept)e 4-§5to] HF5HE] T4 752 Aoz Frisigich A+ 2ut, akeh4
2ol w2 A AISHS T4 > A > G o2 fasiqlty B3 pH JFS v Ao o] dke
WO A9E MuRS W, pH FES W A9o] AVSHY gavt o =A ke
Keywords : Disturbed state concept, Dynamic behavior, PHC Pile, Pile-soil interface, Vibrating mechanical
foundation
I. M 2 314 EtHChoi et al., 2019). 3}x]FF PHC WE9] A7
Aol FwnbEEo] EEPIAANGhOIY Zhedr
PHC W] A3 EWOE Q18] PHC WE-AW 2 AFAS 0|83 AN A4ksh: Ao] Autzlojm,
FHoA 9 AFS B5R5kY o]= W x| 4 ol= AHke] AA| 2Holy PHC T2 Ar 549
Q) G vk B3, Wahoh 2 F A we Debd 4 9ly] o] ol tha At AL
2 S gk

=
oA BpAer AAHE AF 714 7127 BTk
} A=

£ Avsk Agel T,
PHC &2 v 7te ZIE(EA 7|& 7- = 80MPa
o'HE ARESte] ARtEER Fi} bl gt A
ol Fofutel. a3 4w W] uls| AR|Holn, T4
o Ao Ao = gt FHO] U o) §olA
2 PHC o] & Axo|tt. w3l e EZ#o]H A
of ofs HH FAYE 24 oA AL} AHME
Hlo| A 7ko] Agto] ZshElo] A XA|2e] Aw, G
B} YA 9 & e rt $-4=slth(Park et al., 2008). ©]
of A, 2o] ul$ A|Waje] BE4o] FHolb,
A8, TAkst Foll et A

o] =& A7z EAL XYl QJtiPark et al., 2015).
oEg AUER A3l e BREA W AZ A
A PHC ¥52 7P @ol ARgshal RUth(Yoo et al,
2002; Park et al., 2008; Shin and Lim, 2018). &&7]%
L AHAETFL A FHe Tl meh 2w vie
o A Ql wpzh A A& At 2] A2 o] xujAQ
At A LEO 2 LEE 4= Q) O H(Kim et al., 2013).

3] ARE sk WRlold e AAUSIEY HiFRol

1994). 1A TE7|x2] A

W npae
S Fa% e Su), AAETIFO) PREe B

PHC U59] §2 Aol ddsirs W5 Ao
54 ABEH0] it A7 A5 SaEolsick
o A= Yoo et al.(2017)0] A =R A HE2] A A] F
A AFEAS 33 $H5L F) TSI Kwak
(2022)°] 4= PHC TH-HAE A J5HoA 9] 5
A AF 54 ottt s ejol A= PHC E=-#]4k
o 54 AEAgol] Tk SAYH AR B A
“HHuang et al., 2018), WFHE-3}=: &5} A] PHC HE-X]
Hh Joab-gol ofeh I EH e} ALK Luo et al., 2019)
5 A7 A PHC 25 A4R19) Aol gk 477} 2
T = ATk Tran et al.(2021)2 334 X845 0§
shol AVALE AWl A AA3kES W Wiko] Fu
& 4 JPAAE e 5

=]
Z|utof Al PHC -5k F&Ho] 3

Sk A= AgHA oM, E3] %7
e 5 43 24 18t 53 A AEo &
Aol gt A= AL gl AAoltt

7]& AH(Kwak et al.,, 2013)0] w2, HZHo|| A
o] 54 Ad 7% EAL 9%, pH(EE A ), EF
ZANRE, FAE)T 22 374 a9l o3 A
g o, o= SH-HUPYE EAS HPA It
HbA A7 Wzkeo] H g Ao g uitht 7, S5 A9
A== A7 Wy wiio] HEHel 347 2919
TS FrH oz s4stal Ao vkgstr] $JslA
+= PHC UE-AHF JEHO| 54 At As E4& o
&3t 2 = SholA Eeekes A7 "aF ol

E3L Hhd A YolA 15 fEskE giEE] 7]
A= grly; HZoln, o] 52 3|H %5 A7k



Subsidenze(mm)

e
8~
~—g

hdeasurerment paint

Fig. 1. Measurement results of steam turbine base sedimentation
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Fig. 3. Stress—strain behavior of the estimation of disturbance, D (Park et al., 2000; Kwak et al., 2017)

(98]
2
2
rlr
ol
N
o\
41
2
gl
oo
1%
rE

K
£

¢
H1
r>~
i
=
i
o
X
of.
ok
2 o
L
b
N

o
Bl =2
e o
Ko
£y I
F10|;_]D
— T
h
o, =N
X
RN
oo‘.ili
Oit_\ﬁ
o_,_.—|_,>:_g4
ﬂ£r3r£o>12
and
o & 8 2

.

99011 ke gpol i
% 3% 2710 wet

ut
o

Ir
rU.’.
g

>

i =

oo £

S
i
2
u
é

o skl v st 2
-HEE J,:Lﬁﬂa AR Aot A& ﬂv
7) e B o) Nk At gl
o] skl gejo] F7hsHEA el A
Fo| Ueldith o] dutilo

N

o7|Al, 7, 7, APl = 27 27] AEIRD, 4
3] AFEJFA), 223 Qo] G150] WHEelE xufv} A
A AR e e alEe] uh

VA S W) e A
A2V &= (deviatoric plastic strain trajectory, £,)2} %<
sjol, AES ol g3jol WAL F4E 2T - 3
t}. 7|2 AT Kwak et al., 2013)2 Eate] Ak A48
O P A

2be $l2sl= Fig. 49} Zro] TaAT 4= 9)u).

D=D,(1—¢ %) )



0 B QoA Auke] B8k Jeke wejst AFAE A
Who] eJE PHC o] HEwolAo] 2 At 7%
08 E49 wjo}s}] 918 PHC WE-AFAE HEHol| djat
07 A, Z FFANE AR oz AL
0.6
il 3. PHCUE X[t EH S5 MEHU[H
0.4
I 3.1 AR A
0.2
i B Ao A FE7|A 7%l PHC LE1} s}s4
ITlab 55 100 5.0 A e AFAE A|uk Abolo] FAEE HEW| B
% 2 Aek ABEAS slorsly] 9J5te] HHE the Ak
Fig. 4. Example of disturbance function &S 35tk
N@sae 9l & At A1 7)(Simple Shear Test
A 9 D, @A Wl A, Z= B AoA] 2t Apparatus soil testing)Z o] g8tk 7]7]9] FAR
117} 3= A& o] A& Ak X(interface material parameters) Fig. 5o} Zrom ek A 7]of that At 82 o
olt}. D= ofa] Aol 0.99 oA 1 Ao]o] grow & Table 13} 7k,
7} 3}l tHArmaleh and Desai, 1990; Alanazy, 1996). AE AEs 25 ZFFARE ARSI AL, 3F5hA

SIMPLE SHEAR TEST APPARATUS
Soil Testing

(a) Appearance (b) Simple shear box

Fig. 5. Simple shear test apparatus soil testing

Table 1. Specifications of simple shear test apparatus soil testing

Component Description

» Max load : 10kN, horizontal & vertical
Loading System « Max traveling dist : 150mm, horizontal & vertical
« precise helical structure/linear motion slides

+ Strain—controlled test : velocity range of 0.001 to 100mm/min
» Vertical : helical servo motor system

Servo motor Max velocity : 5,000 r/min
+ Screw jack : SJ32 Traveling shaft type
Range of horizontal vibration + 0.01 to 10Hz

* 4 Ch of PID output
+ Data logging intervel : 0.1s

Power « 220v, 60Hz, 15kW

+ Horizontal : 0.IN
+ Vertical : 0.IN

Data acquisiton system

Load cell resolution
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Table 2. Physical test results of sandy soil

Moisture Specific Coefficient of Coefficient of Maximum Dry Minimum Dry
Element content gravity uniformity curvature Unit Weight Unit Weight
VV" (%) GS q C;] T dmax (g/cm2) Tdmin (g/CTnQ)
Sand 0.04 2.63 1.90 1.1 1.57 1.38
ZAL 7357 o) A, 24, 714, sl L9 Table 3. Test schedule
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(a) PHC pile model
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