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o

FASN WHAAAMN :BKGNC sice 2001)

S & = =
2| AL 30 S5 HE
2001. 09. @ AKX NN HE
HE7|=89 SE(EEEALAE-3172)
2001 11. AX|L|0j2 BEZA AT =rEenesEEe
2004. 08. HHE 3 O EO|AF 3 Y AMY SEEYDESE A EXE-10-12-01
0|2 2 X|of Lt 2IChst =& M|O|Lt 7] % o
2005. 06. |= F=X[OfLIFEICHS =8 MO|Lt 71 % 7|@4 54 0174 (F 200613525
2006. 02. 7| HELHARA HE
2006, 11. IS AS Z 472 ME(INNO-BIZ) ISO 9001:2008/KS Q ISO 9001:2009 (SKQ-10203)
2007. 05. st 254 AEXSHA|E E5 &5
2007. 08. ISO 9001:2008 / KS Q ISO 9001:2009 P&
2009. 07. EMAMNNMEI | SEMSRY FERZ|EH) www.bkgnc.com
2009. 11. Hi-FA Sl H.G.G. & B 71t
= eE= Tel. 02-588-7188
2010. 03. HEY SEEYE 12t E)
2012. 04. XA AN 2 NEP Q15 El S (Hi-FA) Fax. 02-588-8184
2013. 06. ZEH LM E XH E-mail: loadtest@naver.com
2013. 11. T 2II0| E cAUSEWAY PIT =F(T1LH, GS)
2014. 11. Xsz| CitPl= L5654 e +2HESH)
2015. 09. H 162 SA7|H7| SN HEHA 4 AX|LI HQ szt
) M523 2 o|t HiObE A 0| EF AAL
2015. 12 522 FYo|d BiOtE ~==9| & =4 EX Q7| X 7| A 1
2017. 05 Y X7t Wk pr =F
ISF HEA nct
2017.01 T 20| E NRP #5, LNGI PIT &=F S S 2S
2020. 12 ItLtOF Metro 3 Line PIT =3 ek MA} g
o = v AR
2021. 02 2| Tl NSCR-EX CP N-01 PIT =& 2o y E27|AL
2023. 08 I 2| T NSCR-EX CP S-04,05,06 PJT =3 o < M &7 At
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¥E Tj

(mm)
1 | MO EESE2HESAHEA4S T sk 2019~ D 2000 =4
2 | MM (B E~ShEMEE 33T otetHd 20172018 D 3000 S A
3 | SOM(ESME)HEAL 1357 Gs 44 2017~2018 D 3000 S
4 | 1g510|oty LA ARSIFREE sk A 2017 D1,117.6 SHet/=d
5 | SofM(ES~MME)ERAHM a7 s Fals 2016~2019 D2000~3000 Ol A /4= A
6 | IfetCho|A AE| HE S A2 BHA EAT/SKHM 2014~2017 D 800~1000 S4
7 | E R uEF HESAL NERg 2016 D 2500 ]
8 |2L-HF 35T HESA SICH AR 7' 2014~2015 D 3000 SHj A
9 |2srim AMZA S CH A H 2008~2012 D1500~2500 /s
10 | A AESA k= 2004~2006 D 2500 Sh&f
11 |Op8O D HAESAL SiCjH4/=20[3 | 2005~2006 D1500, 3000 Sl AF
12 | BX|Cja AMESA} Z0od4 2005~2007 D1500 Sl A
13 [QINOW AZEE HESA e Rl 2005 D2000, 2500 A
14 | MY-=Xtn HEzE AL IA oddd 2007 D3000 Sh &t
15 | Yoll-=2H HEEE AL IA sicidA 2007 D2000 Sl At

Philippines NSCR-EX CP S-04,0506 | N N
1 . Philippines | CHAM | 2023~2025 | €4, & L= AlH e
Project
Philippines NSCR-EX CP N-01 o N . °
2 . Philippines | TICHAHA | 2021~2024 | €4, 2 2= Al sS4
Project
3 | Panama Metro 3 Line Project Panama siff - 2020~2021 | Al = A sS4
4 |Chacao Bridge Project Chile SICiAA | 2017~2018 | HA, 2 U= AlH &
5 | Al-Zour LNG Import Project Kuwait siff - 2017~2018 | 24, & L= A | sid/s4
6 | Al-Zour LNG Refinery Project Kuwait SICHAA | 2016~2018 | M7, 2 LS AlH | sidy/s4
7 | CAUSEWAY Project(Main Link) Kuwait a]s Fak=! 2013~2018 | &4, & L= Al | sld/=sd
8 | CAUSEWAY Project(Doha Link) Kuwait GS A 2015~2018 | A7, & L= AH | sid/s4
9 | Az-Zour North Project Kuwait SIS Y | 2013~2014 | 24, & 2= Al sS4
10 | Rabic II Project Saudi GSH#H 2014 A, 2 UE AH sS4
11 | Mubarak Al-kabeer Seaport Project Kuwait SICAA | 2011~2013 | 87, 2 LS A off &
12 | Caimap international seaport project | Vietnam | ZA 3 Z44 | 2009~2011 | &4, & = AH S &t
13 | Ghana Kumasi KRI Road project Ghana ss14 2009~2010 = U A Y
14 [ISA Town Gate Interchange Project Bahrain dH4 2008 2 5 A sS4
Chios Power Plant Extension
15 _ Greece FAr T 2006 = UE A S4
Project
5/40 BKGNC




1 [0k OI3E el AMFIA DL E&C 2023.10~ ®800 BDPLT, CSL
2 | HeERAIE BAEE MFSAt S 2023.02~ ®1700 BDPLT, CSL
3 |AHO|AHOf HOIE/ME MESAL S AEE 2023.03~ ®800 BDPLT, CSL
4 | 1Y EF C-1BLASSA ZAINAM 2022. 10~ | ®1000,1200 | BDPLT, CSL
5 | X RO A AMFSA MM AHE 2022.08~ BARRETTE | BDPLT, CSL
6 |O|H Xto|G m3 M=zIA XtO| s&D 2022.08~ ®1200 BDPLT, CSL
7 |OF=2X| 3 CP4 T ALY EfE 4 2022.08~ | ®1200, 1650 | BDPLT, CSL
8 | M2 & I-PARK 2[H{Z2f| 2k} AT At HACHAFRIZHEE | 2022.05~ | ®800, 1000 | BDPLT, CSL
9 [LG U+ NCMIEH A=ZAt S&l corp 2022.01~ ®1000 BDPLT, CSL
3} SEF2X|F 0|4 10BL YEESAIA A=
10 aa CHERALAZHEL | 2021.10~ ®1000 BDPLT, CSL
o
11 |EAHO|E A3tz 2tZQIHEtA AEZAL HAUAEE | 2021.10~ ®1000 BDPLT, CSL
12 | DAE2 XA LAMEL M= AL HACHAE® | 2021.10~ ®1000 BDPLT, CSL
13 | OFAF A|S} MTV C1-1BL A&ttt 25HA| M S AAE® 2021.07~ ®1200 BDPLT, CSL
14 |25 ZHYEX R B2 E2 /LT SICHAA&E | 202007~ | ©®1000~1200 | BDPLT, CSL
15 | N2 SLX|AL SETHAIAE TH LA AEHEH 2020.08~ ®1000 BDPLT, CSL
ol HAFEE 248 =2 &AF
No AT sidd LFEN/ASA H|2
1 2022 T8 DMOX|FL 15 W 2OA™ F3AH DL E&C
2 2022 e HOHM|A AT O{HIHERZ AMHZA DL E&C
3 2022 M S s 77t FHFT MFZISA DL E&C
4 2022 YAHOIE 8F Z2IO|EAIE| MFSAL SAAE®
5 2022 SAHOIE EZ2 ZHAE ZSTEH MEZZAL SAE®
6 2022 SAHOIE g0|3 $& 4% MFHSZ SAE®
7 2022 e 2AHO|IE D32 MzIA SAE®
8 2022 HOLEE 37-1HX| L] SSTE MHIA SAE®
9 2022 S S EHAEXF SSTEH USZA SAE®
10 2022 =2 28 HEAMAUCHX| B2BL 3= FEH MEZZAL HeHE®
11 2021. SAHOIE g0|3 S& 3Kk MFZIA SAE®
12 2021 FOH 17 FERTYH L HH|ALY SIAE®
13 2021 WOl H|O|E/AEL MB MZSA SAE®
14 2021 QM 8o ot 128 ZAIVNL Y MUFSAL SAE®
15 2021 QHUA| HHAKX| L FEHRY IR HH| ALY DL E&C
6/40 BKGNC



S MotAle HE

<+ JHolAIE &E&
2 2USIAI S
[«] [—]
opukst AHSHAIY
(Bi-Directional)

AFStS 2Hst e A

(Kentledge)
s .
At | IERTES120% 22 22 o3
S ':E =
ZHotCh e e e e
- = - _ _Q_E’_F 2]
st ASHE & 5| oF 1,000ton 0|2t 2T 4,000 ton léﬁ%‘fo 050 t'()nht%
= =2
S84, B2 F24e, 22 242, 28
= | 2+04 - } A ) Telltale Rod
=H| 2 N5 Az AHSHH Mz OHF{A| 2
- ) Y | Reference beam
Y43 Hhad AJAR H%| fiStCH A%
N N
=24 2 A|2|H =l A2 =l A 2|5 &ol
SHYHMSHAIE
2z = o) I 12 o1
- =7 Aot A8 Its {2 Its
(i AL/ AR
FH/MCERE & 7ts StaMol He &2 7ts HAHE A H2
RF X8 Its
A3 3o . ~ -
02 zets PRD(HEHHEE7t | PRD(YEH HE=7t (O, AT
oo RCD &8 7ts RCD %8 7ts A8t
r A HE Te)
AA5H=E 2,000ton AA5H= 2,000ton
AgstEe | = S 7ol gle
ujlaly 0|2t
Hg M &2 @ ® @
BKGNC




%)':bg'%l: I|'| 6"*' c|’='|I(Bi-DirectionaI Pile Load Test)

l-

Bi-Directional Pile Load Test & O-Cell Ak} > Bi-Directional Cell
2

* £35] 0480297 D> 2003 Sk 25122 U AlHEH L £5]
* £35| 10-0725510 > 20079 S4 U 21512 =L £35

* £3] 10-1806527 > 2016 M El QS 2512 24| £5

* BA|55] - I

PCT/KR2016/007761 & oll4t, SR ASHAI™E HE

> 21 3,000mm SHZAEHILE 5 30,000ton A|SHAIA

U 74 =4 4
22 Cod KS F 7003 ASTM D 8169
58 Lode
AR27|=2 AAV|E FHWA-HI-10-016 (Drilled Shaft)

TEEIIELAIE
54 (2015) DNET 2 MEA|EN
EEN BFEAUAM (2R
(2018)

o =20 T " -
THSHAI A » 1~77] 19 » 2502 G 13 = 2502 %13
= PZEEEH 13 A R R, Ot sl Ll
=& A » 8~157| : 23] » TR MY |« FEESE 15 AY

» 16~257| : 33|
= 267| O| & : 45|

* MotA® AE ots JIE

QB | e M7 SHA| AN M H|A|
MA|, X|IIA|, 2A|, ZEA|,
SIExA MALXIRAL | S - o AL BHA, SotetA|, S ThotA
QA X|ZIA|, ESA|
TSHAIE = ARA| AA| S YA AFRBHH (#9)), 2ok (31 5)

8/40 BKGNC




%'.I (Bi-Directional Pile Load Test)

LSt THotAlE OI3tLIS

REACTION SYSTEM

P=F-Q P=F+Q P=F1=F2-Q

A

o A + ==
i i

P
+“ T e
ap \

@ @ &)

% Single Level Test: @, @

=X < Multi Level Test : ®

O NE T 2d

ol

jum o] |
g

«

e

Hydraulic Jack

Upper Plate

Lower Plate

Concrete Flow Hole

Tremie Guide Funnel ¥ . 2
Rebar Insert Hole @ &%8 N2/2RE HF @ 2AM/ENEN

CHICMIGCRICMICRICRIC)

Tremie Insert Hole

Telltale Rod Insert Pipe o SUF IS EH SEE

9/40 BKGNC
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Equivalent Top Loaded Settlement Curve (Rigid VsElastic)

Load(MN)

0.0 100 200 300 400 50.0 600 0.0 80.0 0.0
[ e e e ——— f i
\ —
e e S iy N
50 | P~ \\\ =
o, \ -
100 | e \
H 150 A —
£ o A
. R X
200 + t Y
\
50 A3
300" upper side shearand down side shear components both measured
| == only used net end bearing curve due to different larpe displacement btw. end bearing and skin friction
\\ —— Equivalent load(Rigid Body)
M, — ~Toulcompressicn
Load (MN)
0 5 10 15 20 25 30
0 R B R S H
£ . ReN i
E 4 e - By ;
= —— O-Cell: Perfect Rigid Pile \‘\\ \
o H
§ 0 [| —o— ©O-Cell: Original Method v 4 :
g —a— O-Cell: Elastic Method (% = 0.5) »
E g0 || —— O-Cell: Elastic Method (¢ = 0.67) :
—e— Static Load Test R '\t
— :
100 = — }
S )
$ ———— —pe]e - 4
120 - = T
1.0WL/ 1.5WL 2.5WL
6 hours (1* cycle) 6 hours (2™ cycle) 24 hours
6 hours (2™ cycle) 1 hour (3™ cycle)
lLoad Distribution Curve
(Including interpolation curve btw. The last strain gauge and plle toe)
Lonavny
20.0 -100 00 100 200 0.0 ‘ s00

on

——1.96MN
——— S EOMN

———0. 81 MN

———13.73MN

17.66MN
——2158MN

—28 8 IMN

—e—20.43MN

—333SMN

M2 1M 2H| 4L s|AH
|_|'o7"|§° =, A =S Oy
2 ;H M EH
=S Oy
Equivalent Top Loaded Settlement Curve (Elastic Method)
Load(MN)
0.0 100 20 300 400 500 600 0.0 80.0 0.0
0 : ; : : | — -
= — |
S —— L | |
2 \ 0 I Rz 2 S |
------------ ————e T
0 75mm, 55.67MN ‘4\ — —
E a |
£ o | |
2150 —_ - -
: 150mm, 6716 MN " |
2 %
200 4 B -
%al
d—tee 3
254.7mm, 77.08MN
300 ~
—+— upper side shear and down sid shear components both measured
A =0 only used net end bearing curve due to different large displacement btw. end bearing and ski friction
\\ — =Total compressicn
Equivalent Top Loaded Settlement Curve
Load(MN)
00 0.0 0.0 1500 2000
' ! n i :
50
_JW
Fi
)
i
= 150
——Elastic Body
——Extrapolated
7 RigidBody
\ ------ Total compression
1
Downward Unit Side Shear( IGM:Layer-2))
600.0
—+—E.L-55.0~52.0
5000 7 I T —8—EL-57.0~55.0
/\ ——E.L-52.0-50.0
1000 lg—o0—t—u. g —8—E.L-50.0-48.0
g ———E.L-48.0~46.0
< —h —a —+ = Average(IGM-2)
§ 300.0 - -
]
: 2000 "’"':
1
100.0 1 -
| 301.43KkPa,
| 75.0mm
0.0 r 1 t t 4
0.00 50.00 100.00 150.00 200.00 250.00 300.00
Movement(mm)

BKGNC



%}'%"; @ xI'I 3"*' 6.;'.' (Compressive Pile Load Test)

Axial Compressive Pile Test

Hi2d OkLE 0|2 S Z|C S| ALE}AIOFEE
% 4000ton 2 A5t ES > g 2= olo > zl H 1760t0n(<.>_4° I'E E:l.l-)
> YHe] 7] 0|8 > z|Clf 3500ton(HHEILYE)
AE A2 Al2E 2] _ j ==
* A AR AR S > AFSHE O > Z|Cf 1000ton(ZRLHE) st AH S

AFSES

PR s0hPa TE2RNY LA YRANNE
14 A o

- & s a s
[

y<

= =AY
42 Cog KS F 2445 ASTM D 1143
53 Lode
TREI|2 AR FHWA-HI-10-016 (Drilled Shaft)

TEE7| X EAVIE

5l & (2015) DEE2 HEAYN

E20 BEXAEAN (2012)

(2018)

o PEBYIIESI|F

. » TE 2501%0[4 | = 1~77]:13] = 25024 13 .
Mot sl AlS N | = 2s02E 19
= TE=E 1S AE | = 8~157]: 2% » 7ZEE 19 o
N VIES N N = FEEE 13 AlY
(5 21002 0|8 | = 16~257| :3%] Al

= 267| 0|4t 43

13/40 BKENC




‘ Load

//////////////////////////////

:F+Q

Tip load

n
>
=__
OF
L
-

o B AA

oo

—

Het8AM

7| =9 [SHAIH

&

A =2 738 M

HH2 SYSTEM

REFERENCE SYSTEM

| EC

L1>2.5D(from Al

a
d
L2>2.5d(from HF2{ 25

==)

ALSHS SYSTEM

71 Asid L>3.0D, 1.5m
T o| At L>3.0D, 1.5m O A}
of it S5ts
( ° < L1>2.5D or L1>2.0m -
7|1x=7)1= YD) - EXIPY
(from Al 2 5) of 4|
=
12>3.0d(from HH2 2 )
L1>5.0D or L1>5.0D or
ASTM D 1143 L1>8ft(2.5m) L1>8ft(2.5m) L>5ft(1.5m) O| & s87|F
(from A| 2 55) (from A| &2 55)
L1>3.0D or L1>3.0D or
L1>3.0D or
BS 8004 L1>2.0m L1>2.0m
L1>2.0m

(from A| R =)

(from AR S5)

BKGNC




A=lotE 2l 5% THA|

Procedure B

Maintained Test

A 515 2| 200%(THY
MA SIS Q| 150%( L)
25% CHA| XY st

Z| 2 20 (Creep < 0.25mm/hr)
> Z[CH 2hr
= E5HS A
(Creep < 0.25mm/hr—=> 12hr)
(Creep > 0.25mm/hr-> 24hr)

Procedure C

Loading in Excess of

Maintained Test

Z|CHAIHoHS O|=
=7} 51 Aot

10% THAI 2 XSt

|2 20 (Creep < 0.25mm/hr)

> Z|CH 2hr(X|EoHS THA)

=S IOSIE:

stolg

Procedure D ‘

Constant Time
interval loading

Test

1hr(Z EHAl BHS)

Procedure E

Constant Rate

Penetration Test

= THA
(0.25~1.25mm/hr)
> G oFR|
(0.75~2.5mm/hr)
> sk ARE

F8A12H7|

== XF2[15%

=
2

IR,

Procedure G

Z| iAo 2

. x| 20&2 > ZIC) 2hr e 2 &Y
Cyclic Loading Test | 25,50,75,100% 2t= X} 5} . .
. (Z AHO| 2 Z[BSHSEHA) s =elg
12.5% THA| "5t
15/40 BKGNC



V=l N p-s2uy L
: N o
N P-S, Log p-Log s, > 2401 1% 3N BHE W) 45 o 0Sats 513
SECE TR
s-Log t, p/ds/d(logt) :
§-Logt i’ P- d5/d(Lost)
DA L. DA
o YA - Pren ¥}
T
! M;:l) h
» S -logt 24 Z 51501 S0l w2t _ _
ZHOI 29t HUAY 513
HH0| 23S 315, > S0l SHl= SAS
Load(ton)

Davisson &=

(1973)

Dia<610mm(PL/AE+3.81+D/120)
Dia>610mm(PL/AE + D/30)

Settlement(mm)

Load-settlement Curve
from pile test
X=0.15+D/120(i

Failure Load

Allowable Design load
= Failure Load/2

Elastic Compression
Line =PL/AE

StE-He 2HAZ .
Chin’s Method waMoz IHy 1. Z
—= .
(1970) 712712l 97t S22 ALt i 4
X|CHZF M= s
%3t HI 2 "/
) Settlement (mm)
o 0.1D ( Hansen, 1963)
HESHE 2M4(F.53.0)
Al e 0.05D( AASHTO )

0.025D(DIN 4026)

BKGNC



(Compresswe Pile Load Test)

S gxIx|22
g 00| ¢HHE

[

=2 (DIN 4014) 7|= 20 CIYEE S
Hansen (1963) 01D 3.0
AASHOTO 0.05D 3.0
wEA 7|E 25.4
Terzaghi / Peck (1961) 50.8 2.0
Terzaghi / Peck (1961) 254
Touma / Reese (1974) 254 2.0
SAEO|Lt HSAIS 80 $%§6}0$|L£_I§6+X|9g%
e ATA
40 SSHsto| sgst 2 E
= Z2ARL(1974) 40 T ETEEES
A2 EFSS2 (1993) 0.1D SRS
gd= 7| =3Y7E 0.1D
U= EFIET 25
2 A|Of 40~ 80
De Beer 0.3D CIFEIEES

5| XX Y

=
78 mjo| o

@ O]= AASHTO 6.3

@ O EAE = 7|& 12.7 2.0

® Woodward (1972) 12.7 15

@ EUSFI|ZFZEAIE. 5 sl & 0.025 D 3 EfQlate
® =2 DIN 4026 7|= 0.025 D 2 EjQlates
® It2| Veritas AFF2s (1964) 20 2

@ FHLECH ART|FE (1960) 25

Hora 7|24 &7|F DS:415-1965 0.1D

17/40 BKGNC



S oA S

=3 (Dynamic Pile Load Test)

M2=712

High Strain Dynamic Load Test

* 53] A 10-0779486

< STHGHAIE 2E

HI
Ju

e

EOID
(End Of Initial Driving)

& 2| BRHY

> PDA PAK Model > 1C{
> PDA 8G Model > 2t
> SPT Rod > 1Cf

L

ret

YEHE

> Ram

40t 2 Drop Hammer System
Weight 39.1ton

LH& H[ 21

M EQID,
= EOD

Restrike Test

A& = e87(20|
AlZ-d otz ap 8L K|
et Al Y-

73

U 3

KS F 2591

F2E7|2 WAYIZ

=4 3

ASTM D 4945
FHWA-HI-05-043 (DRIVEN PILE)

TES7| X EA|E
o2 (2015)
EEN BEAEAN

(2018)
» 2 2 71F
TStAlE | = AIZEFAIY 1%
27|Z |« JEEFAIH: 1%
» EYEFAA: 1%

=gz M3
(2012)

EAIA

CEEN

81~1602 : 33|

1612 0|4t : 43|

LH H A M

(2012)

s LS ELIE | ¢ BE RS I|E
- NEERAE 1% |+ AIEFAIE 1%
- TEEFAIE % |+ AEFAIE: 1%

18/40
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%xH OI'AI c|’:'|| (Dynamic Pile Load Test)

> SMotAlg e & &cdl

T= L& H| 2
= 1A IHs MY 0|2 (1-D Wave Propagation Theory)
He| = YERA| BAStE T Ml S HEEE FHSH0 X|XE, 33 AU
OUHXIEE £85t= H
= 1960ELC] 0| 0N KHSHEZ} (Case WesternCiSH2| Gobleil <)
= =  PDA(PDI), FPDS(TNO), DPAS(2& &4 EFATL), dCfHd7|ed 7L
= =L 1994 EHZEE QY o T2 A
. ZHHSID H|EXEH, EEAI™ : ASTM D-4945
| ArSHSO0l Rl HEH| Es HoIFD UM AlY s
INFS
s | D7 |- SEIER(ZELN0IR, SEAAHO| HEAY, SHEH) LX)
3 = RIXIH =QU(CASE, CAPWAP), ATH & FHOMEE 22| 75
x| " XIXE o 52| M=t HISHAIR | HsH oA
C
T |« Eo/8 XSRS HESHAIE ZDte} Ato|3t
+ Wave speed c=A—L[= E]
At el
+ Strain sl o 8
Strained = AL MA.c
ol
=== 1o = + Particle Velocity T A
2 T EE
+  Rearrangement e, S—
C
Wave Speed ¢ le——— Unstrained ——
- EA9 EA
\ F=—V=2V
\ < N \\ c
OOl EtA0 oo = RO 2= SHOIF LlSHA =0 U E SHOo| o5 X8 Mg A
5 Mzl THEH, FE 3 N Hlo| oo oetol S BHAMIL S EIC
ol LM SHI= S 47O 2dut £ 2 FAY = UL}
ots HEAME2 5 22 SHLE O|R0X|M dtLts HF KoM MEe=2 OFHE Stlt=
MEHOIM 5 HE|2 MY F O 25 Y2 wave speed(Q)E 7HEICH= 2|0 A A|ZHEICE
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%XH OI'AI c|’:'|I (Dynamic Pile Load Test)

<+ SMotAlIE
SIHStA S

AEE AB

Concrete Overflow 28 U A

V

20| E A K| 71 2 Mortar 22

|¢

Drop Hammer System 347 €2
229 Et o

Dynamic Test =H|

SEA, HE=A X EX| /K| (Min 1.0D Of2H)

Dynamic Test

System A K|

1€ [l

Case =M(R ) Capwap =A{(Z 22 4)
A 5B
ZH| BtE Reporting(72 £8)

(=] = | e
< 7188 s SN E
E.O.1.D Test Restrike Test
PHC Pile Steel Pipe Pile PHC Pile Steel Pipe Pile

AI°*Ef SN THater 1% 47

A HS HAl NEEIN et SRR DN AN&Etor 2A3 25 U8 Hsetup 21t &0
AZEH TS AlZ He T Al57|5 &l

Y% =l K|z =l == AB Y%t =l

Dynamic Test Z=H| Dynamic Test Z=H]|

SA JHSEA X MX| YK opotz) - SHA, IESEA HX X %] (2.0D of2)

HYY 53 Case Z4(¥%) YT 5 Case 24(2!%)
32 7|F = A7t b= atof Of$t X|X| & =tol
o Lot 7| & 22l 2 setblow) A[C R|X| & (Ru) AT £ (set/blow)

CECE:

SHSHAE 2bd

2% PARADISE CITY PROJECT
FE |swx |
91 &1 CON-24B(TEM)

e | wemay

%) 2015.04.27

ST SR ST

Case =4 (&2

~
MM
P
o

Capwap =41 (‘g 2o 4)
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(Dynamlc Pile Load Test)

SHSHAE 1

Hammer & X| ST SASHA I Case S Capwap 24 (5 Zsli4)

> SotAIE =& 0

CEICT)
u g Ay
¥ R 20050113

ol &2 pPHCE S [l RS A e = =2 MEIEEYSE
(Vertical, Raked Pile) (Vertical, Raked Pile) (214 800~3,000mm)
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%XH OI'AI c|’:'|I (Dynamic Pile Load Test)

Case
Method

» SYOM Fa ZHHUS HX| 2 7HE
= Damping Factor 7F3(X|gt=H & X)

= (RMX CSB, CSX, EMX, BTA etc.)

= Capwap program2 830 YU

Capwap = Signal Matching program
Method = S MIZHiof ot MTH/ FE OHEEH 11E 7t

= QHHE 25

Load(ton)

Load—settlement Curve
from plie test

= SNz A XEEEASE 0 R Bnty Coppten
Davisson E

= X7 610mm 0| 2H(PL/AE+3.81+D/120) = oo
Method H

= ZZ 610mm O] &:(PL/AE+D/30) JU—

| Division Data Description
' Le (m) AREEEEN
AR(am’) S
Input SP Specific Weight(con 2.45, Steel 7.85)
Data WS Wave Speed(Con 4000, Steel 5160)
JC Damping Factor(0.4~1.0)
Lp(m) M=
ElooOIIE! I s CSX Holx| XM Y= S
CSB LS oM 25 S
s EERVE N EENEEE
OUiPUt | 7sx EENUE RS REE

EMX AOIR] fIX|of M2l Z|CH SEHf LA K|

RMX Zof % =3 X|X[H
BTA U UXE K=

BKGNC



%XH 6"*' -6-=-| (Dynamic Pile Load Test)

SMotAlEg 24 0

=ackyoung G&C Co., Ltd. Pile Driving Analyzer .

acthyoung G&C Co., Ltd.

Pile Driving Analyze:

PARADISE CITY WP-119 PARADISE CITY

T ———
v .8

RiT LT

ST

Protect Information
FROICT, PARADISE CITY
PILE NAME: HP-113

“n :

FiLE: s8_3
2015-02-09 28 3:53:13
Biow Number 3

(101
Al: [56033] 1050 o's/ (0.9)
A2: [50034] 985 g3/ (0.9

CLP: OK
FL/F2: LOW 0.18
VI/V2: OK 0.89

Sensors

F2: 15671 854
a1 [50033] 1050 g'siv (1)
A2: [30034] 385 g's/v (1)
Cilp: OK

(1.08)

FLF2: USE 2 STRAIN

V1/V2: OK 1.00

HP-119R

0.0 100.0 2000

SETUP 21} -E-:i.*d:LEHE (TP-1)
0.

0.0

ad(ton)
400.0 500.0 600.0 700.0 0.0 100.0 2000

Load(ton)

300.0 400.0

500.0

STHSHAIE vs ETHSHA S B2 A2 Z (TP-1)

600.0

700.0

100 F ] L 25% 57t

Move ment(mm)
Movemeni(mm)

50.0

600 t i T i

===PLT(09-Jan-2017)
~ —E.OD Test(22-Dec-2017)
~+Restrike(29-Dec-2017)
1

Setup Lafofl ojP x| X2 25% S7H 700

~+~Restrike(29-Dec-2017) ‘

700 |- ~EODTest(22-Dec-2017)

wo L 00 -

S, SAOrAIY Zut B
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= TH SF A = (Lateral pite Load Test

M2=712

Lateral Pile Load Test

> Hi2d Ot 0| > UCHY S A|ZHSH, ACHY Hiad 25
*150tonAf%f%E-.?- =2 Io EHEO |_H I' (=] HE H I'
> AFSIE 0|2 > z|Cf 150ton(JZEIL L)

* A3 A S AL 2R

> HH 2 0|8 > 2[ch 16m M AUSHLHER

MotAlE 28

4
1}3]

(= _ - > =
T ZHEXYSE A Deflection 78 Moment 57
Load - Movement Curve( ST 2 Pier-10) Deflection CusS(:ﬂ‘:—(ﬂmﬁﬂ Pier-10) Monment Dis(risu\ﬂumr; 2urve('a"“¥!ﬂ Pier-10)
, . Y “’““(;") N . . o Mo w om0 w wm w» ow
0
T Pointe L +108.962 w
s ™~ s ’
; o /%W
o R 72imm \ ;m (Firstfi ixed PoINt:E.L + 99.20) E C\S > &
=X 0:” £ ~< £ o SSN
1o E 1D0on, 162 ¢ i N
s s00 :
u -
5 SHELYA) TSR AULAA S0 NN RS A S0 ~e=1045A) ~H100(A)
o ) ) S50 A -=-R250) ~+HEE) ) - IHSE) 190
O cc H $|HIS SF= =
e | > EEAR US> AN SE > SEHo| 5%
o od
=+ = o = o] = =
5159 55 > MEEHYSY | > AR gue 5%
MAH A =) g
= > 24 +=EH =l N > O RHE 2d X|F
E=2M 245 X‘I HE XN 50|
1T O /| sl AT "'}-O > | 1_I_OI:I i ...I_O
> 3ot 8 ol 2ol

=W 3 =4 713

ASTM D 3966
FHWA-HI-10-016 (Drilled Shaft)

AEEINXE A=
ol (2015) D&C 2 MBA|HI
EE20 EEAUAN (2012)

(2018)
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Reference Beam A X|

g BtEF7|

£
ojo

ASTM D 3966

EE
i

Procedure A. Standard Loading
Maintained Test—> Optional

o =HIISIAIE wogk 2Hd

Standard Loading Schedule

Percent of
Design Load

88

Load Duration,
min
10
10
15

508838888

-k
o

Procedure A. Standard loading

Excess Loading Schedule
(following 8.1.2 loading)

Percent of Load Duration,
Design Load min
0 10
50 10
100 10
150 10
200 10
210 15
220 15
230 15
240 15
250 15
etc. to maximum load etc. at 15 min
specified in 10 % increments intervals
max 30
75 max 10

50 max 10

» 25 max 10
0 —

Procedure B. Excess loading

= — =
TE HEIE A 17 H[ 2
- —
58 Hel 24 15.0mm 2D HE AN
> o| o = =
33t HQ 2N 0.1D TEE 71X 2AVIE
. ) Ti'"““"'dcm"(gqﬁfmi"'mj Load-Movement Curve( Y H T Pier-10) Load - Movement Curve(S T H 2 Pier-10)
' Leadey Loadten)
! » " @ ¥ - = « @ 5 100 1w
"+ I T n‘
|
E o 30 SANE FLINE L) 20 24E “Tam
_% 11p Gtoe, 11 62em
i

ol | bee-
NELWIW OSSN 0SSN MM MEIFIIN NISIEIEE  INELEIM MIESRD
Acil Tame
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?j ' EAI =3 (Crosshole Ultra Sonic Logging Test) e

iR gl

Cross hole Ultra Sonic Logging Test

#& Concrete Z21 A} gt
* CHA | 4 set B9 > Ef=3 Ato|e] 220} & 441 (ZICH 3.5m)

> Concrete 2|2 &2|, CHH B3} S

A

J

=U 3 =4 3

ASTM D 6760
FHWA-HI-10-016 (Drilled Shaft)

V HHEEAE A2 RE X 478 (27| HAHI7IE 84, 2015, 404 page)
YENFO)m | AY K2 AN | A= H| 3
D<06 2 1
0.6<D<1.2 3 3 ASTM D6760 Of = = ZCHH|
1.2<D<1.5 4 6 0.25~0.3moOi Bh7jof EH2 22
1.5<D<2.0 5 10 HYX| 32 2012 7HA o= *|CHg7H
2.0<D<25 7 15 AXsteE HE
2.5<D<3.0 8 21

AEA|

L& %4 38 ~ 50 Steel Pipe | Coupler &1 Etd = 96A|2t O|F
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v AHEAE FH| M3 (CHA)

A28

Cross hole analyzer
Cross Hole Sonic Analyzer (CHA)

<M|ZFAF>O] = Pile Dynamics Inc.

D o

Main Unit 1
(signal generating and conditioning electronics)
pair of ultrasonic probes with data storage 1
Meter wheel & Depth length-mete 2
Tube receiver probe with 60m cable

*. Cross-hole Analyzer software 2002.0007 1
*. Cross-hole Analyzer software 2006.0009 1

vV ABEAE 2AE QI SEL

PSS SUAFSUHY(UE H8E AIS)
— Inlergrity Tesling of Concrele Deep Foundation
by Cross Hole Utra-Sonic Monitoring —

Depth-measuring
Encording De:

/f et T: B
N

[ <2

™\ -

-— 1T
Teat " tsee Water Filled
:f:”““'"" 4—+—TE—1 Access Ducts
R _H

o |_H

Transmittey Receiver
be Probe

MR

Recording
Apparatus

0] 2 Epd

=
BE8 R LE 4
Bt
[m= ]

|.|-
1

=
=]

Cross hole Ultra Sonic Logging Test

Y5 2 A% DABIEN Y
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IXSUX MYUZ G4 MEY BRUX pd05'el <E 5.4.7>9 ot] 5 ML
mMSio] WA P2 42 Uk BIde Fo0 3T Myw
QZNE (BE) FFES = (1/n) S (CIZAEING B

Z Y2 DImMQ Yoo M4A)

HX NAE
d58=z8 QTS

v MY S8 BEIIEFZS7IE 2A7IE of

4, 2015, 405page)

=
3 THIE He ]l
=
- SIf FA|FMO| M HH(Signal distribution)O] 2| &S,
A | - ATt 232|E 30 MRl 10% O|U &0 s E st 0
= doAZt 45
- REO FA| S| M fF0| Cha A,
B | - AT E32|E R3Ot MLl 20% &40 siEdst= & 30 VRARTI
oA 2 A= Sﬁ'='7+°I
He|
- 2L FA| M| M=o FETF A THOSE
C | -ddst Z232|E X230}t MOEE9| 20% o| P2 A0f SHE K| 50
= MIAIZE 45
p | - 5o M= XM 2F X EX] BS. 100
- MIpA|ZtO| 22Tt M= 1500m/secO 28

v A A S22 T-™EI|E(FHWA, 2010)

Velocity Reduction

Signal Distortion/Strength

Concrete Rating

Indicated Conditions

VR(%)
none/normal .
0-10 . Good(G) Acceptable quality concrete
energy reduction<6dB
minor/lower . Minor contamination, intrusion, or q
10-20 . Questionable(Q) . .
energy reduction6.1 to 9dB uestionable quality concrete
520 severe/much lower Poor/defect Contamination, intrusion, and/or po
energy reduction>9dB (P/D) or quality concrete
No sienal None No. Signal Intrusion or severe defect; could also
& (NS) be caused by tube debonding
severe/much lower Water intrusion or water-filled grave
=60 . Water(W) ) ) ) .
energy reduction212dB | intrusion with few or no fines

29/40
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05 05 o
,"(' CSL TeSt RESU"S (TP-05) 1-5(F3,3) 1-5

=50.00 meters 1=50.00 meters

Spacing=2.420 m Spacing=2.420 m

Gain=31273 Gain=31273 (x4)

2014-09-20 19:11 2014-09-20 19:11

PERMANENT CASING (93038mm, STKARD) | Wavespeed (mysec) | Tme (ms)
2000 6000 a6 _J_8_ J14
— +6.0m PWD I ?_ 010 _ 9 _6__8_ 9_}_1 112131

Cut off level -1.2m PWD . | " )

i

i
W

I

I

10
10

20 080
15
15

TN GV VTV SV

Questionable E %{i ‘;‘ !
g
§
!
[

& &
&n &n
= SEN
grmare  -23.66m PWD & S
| RE %z
L > o = BE
T2 2 E .
W 8 ol <
— | -38.8m PWD = .-',!_:!:'Il:# Ertrsl
_‘“-'gl 4150 mPWD -41.8m PWD 7 E | E ) ;
Defect | oE| | Locaionof BDCEILPWD 38 2.388m) | = Pile Tip PWD A15a) | 49.77
» I [ | "
high low|
Energy (log) | _

Nomsere 2t

L=60.60 m
Spaceg=143m Specmge1.37 m
Gam=31273 (+3) 273 («3

Gam=31273 (+36;
2018-10-02 09:19

10

10,

%,

Dapth (m)
Depth (m)
Deoth (m)

i

0,

3
A
il e i |
T v
2
e o o B W o o e e

e

.

4
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(Koden Test)
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==sFs
S =1 O =
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| 712 2%0] Hal=2M

LtEFLH A EICL.
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Zt oo w2t =7t

SEAF E| A
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=0t

ol

D= 7X| 2] AHE2|2M LIEFLH A ECL

&2 E fIs 71F : 1/100
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Ll

T= L& H| 2
= ZE EAB XYL E HEL[X| 0 =&S HEO| THESICHL
X =X = Y XI™HE A
Slime Xo-l—gl %_l S |9|' S |O'" = |'E O A
= w2 F2 2SS =300 I A DXL A SK] 2 A
rof gatetof ek MAMS| S Ko "HHE A
Zd Risk |« Asto] @Qlo] &, L= METH KX Za YOl
v £etd ddapd
@Time=0 [=)  (b)Time >0 )  (©Time >
v Hos w| Av4 v
5 e — . _
JUUEREN HYAERE X)
NS0l 8
LHO well- 2 sl
mixed = 2EH < S L= N
= 2222 =N aaE JH.
serel
(BRI
*HEES2 LEECO R JieHA| 243
vV AFEIEYR AT 21U E
Suspension v 0
height = -
Supernatant E
(No particles) ; i\
_____________ Suspension 2 0 \\
:> : height & 75 |-
p rhrag, ..._‘;gh.
s -100 ™
T
g . £ -125
Particles are | Suspension £
well-mixed in (Particles & -150
fluid remain in fluid) 001 2 3 4 5 6 7 8 910
= Suspension o Load (MN)
% Slime Excessive pile tip movement due to slime in pile tip
(Sediment) (Schmertmann et al. 1998)
YR Y sor APy ME XX 22 F
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(Slime Meter Test)

71N, 25, A0l &

>
EEH

252 | 2xEgl
o MyH| ML |

o 1T

etk SRSl 7

T2 ZotE

L=}
= =50 g
sl #R=E0| B
= 8% H7IHNY

Ak2d Al

=, O
X-” ol-':'
Xel ®7| Hi

t=E00 2l

=X

=] oi J_IJ/:LJ

Slime Meter 4 24

Ground

||||<]

Laptop

Drilling
fluids

Control box

Electrode

! [
Connector | |_ Signal conditioner
LCR meter (for load cell and
Thermometer  rotary encoder)

452

454

456

45.8

Depth [m]
=3
(=]

462

464

466

46.8

47.0

Resistivity, p [Q-m]
0 10 20 30 40
—t— Test-1
—+— Test-2
E
3
46.56m
4665m |
N
4690m B
(a)

45.0

452

454

456

458

462

Resistivity, p [Q-m]
0 10 20 30 40
—+— Test-2
—&— Test-3
46.34m
46.56m \\I
4690m

(b)

Fig. 8. Comparison of experimental results (a) Test-1 and Test-2: (b) Test-2 and Test-3

ot MA = 9A[ZE E1f)
o

[ |
= TEST-3(1At &2t MAH = 9A|ZH ZA1h
7 2l =7 560mm

0%
z'_
ut]
_FH

> Mechanical Pump A2 2t F71 H A
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(Slime Meter Test)

AXHH-H

Mechanical pump Surging Air Lifting T2
(All Casing& " (RCDEHH (Tremie Pipe) Concrete Al2

| = Suctlon Pump= O| 2%t | Tremie PileOll 1 2|Air | =5 =22 concrete=

e e coim o | YEHEAZ s | EIB10i SRS E | ALES|T plungerE Al

2540 A'E_|.o'Tx1—§| = I-l 2ot S M+ | 10 EHESIY S22t 2510 2t Hi = K
== %Xl Hi = X 2| E|

> o3 ES| S 2 37 > UH =2 SCl 2, HIsCl 27
- £3{ M 10-1135599 =
- £3{ X 10-1189072 = - 7] HIXEg 0|8 WTYEHEES £atdlE A
- 595{ X 10-1918348 = E7} (2012.10, EPEXIHJ%Q?EI)
- HIU Sty B EIHE QI SetolEe pe

X H& (201810, eh=X|Et5StD])
« Slime thickness evaluation of bored piles by electrical

resistivity probe ( Journal of Applied Geophysics, 2014)

» Slime-meter for assessment of slime thickness based

on electrical properties in borehole (Automation in
Construction, 2020)

wm WHE R, 0f Wet HHSRULO SHEIUSE SRHUC
is 0 certify that.in accordance with the Patent Act, » patent for the Ewvention
o b rogtred ¢ e Korean it Propey Offc
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NS 5= S Et

Electromagnetic Wave Logging

Defect zone

o M HE MUK s TS . AR FYEHEs H2E SXE HO
SYEE cross checking 3t S &, cableO| N =X =,

o AT E M= B2 WRO tubeE | < T[] AHO|E EX|7} LS A|HFHO|
A X|sloF et RRE 2

o AFIPEO| ST AZto] A~ E

< BEWL SE i

/ 250
\ Coaxial cable Outer con?_ugtgr_i Steel bar —Pile with detect
N ) 200
\'./., Inner conductor i l/ere —Pile without cefect _—
L i l . . 150 Steel bar head -
=
aptop computer  EM wave pulser & receiver z / Interface biw steel bar & concrete
7 Head = 100
3
Voltage ERE
Initial inflection point [[ = a
al 50
Defeat 0 5 10 15 20 25 a0
Tirme [ng]
Lt el
Right side
k / 250
N N —Pile mith defest
Defect Final inflection point M0 e without defect
) _, 150
Pile £
g 100
- ~_ End E
f H o Time Z @
=T
0
| At N|
| 1 -50
Head of pile End of pile 0 5 oo ! B3
Tirme [ns]
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«  PIT(echo method) &7 st
(L/D<30).

«  Cross-hole sonic logging (CSL)
S 7 HYEEUEY F2

A8
- CYEEESS Fa 2y /Xl=
B FHOM EHE

Inner Coaxial cable
Outer
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JOmv

200 200 . _
200F L ]
150 150 T
Z 400 | Z 10 Z 100! 1
% ! % ! Defect ‘E‘ 10
£ 50| £ 5 Ar=068ns 2
s s S ot e
0 £, Pile end 0 4, Pile end - ard
50 Af=438ns 50 Ar=4.20ns 100 ) ‘
0 1 2 3 4 5 6 7 8 0o 1 2 3 4 5 6 7 8 0 500 1000 1500
Time [ns] Time [ns] Time [ns]
(a) T2 without defect (b) T1 with defect at the upper position JO Ohm
600 T
200 _
E r
150 r < /
< = Q400+ / 1
= 100 2 8 "
o Defect =] H e
S 50t Ar=277ns £ U200+ - 1st |4
g g . g ——nd
L~ £
0F = ™Pieend 0 ™ Pile end = Srd
Af=4.19ns Ar=4.03ns 0 . .
-50 e -50 S 0 500 1000 1500
0 1 2 3 4 5 86 7 8 0 1 2 3 4 5 6 7 8 Time [ns]
Time [ns] Time [ns]
(c) T3 with defect at the lower position (d) T5 with two defects at the upper and lower positions
< Jl=s 89 U=
n | = =
> 2EH E5 55§14
= o~
- 59 X 10-1897905 =
nl E X X<
> #E 55 &H| 24
> M7= FH|
L I:I
Ill > 28 =2 SCl 37, H[SCl 1A
E5|S Nl
c;z‘n:;lrt%:uﬁnr N\ e
o OF cc PR p— = o|=x —
- CIZEEZ RS UZF ZY "IHE et ™XApo|nte
£3 %| 10-1897905 = -| = -| O:I I_ I_ - -"I. "
e x A AlH=23S
».u.;ﬁm.— | 10-2017-0035975 = 1o o = ?- (201 8.041 E | o= gl )
sy 2017 03§ 229 . . . .
ww o o osw + Application of time domain reflectometer for

YYO| FY Tae of the Invention
HXP7|0HE 0|8 UE UME WIH FA|

s8R

ppppp e

D2{CHER AFSHE R EH(114471- A 0 wver)
MEEYA Y87 et 145 DCHED (ARS57H

LR o
SRAGRO 713

flol P2 "EIY, 0 et SRR SEEUASS SYHLICH
This is to oeﬂ.ify that, in accordance with the Patent Act, a patent for the invention
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detecting necking defects in bored piles (NDT and E
International, 2018)

Non-destructive Method for Evaluating Grouted Ratio
of Soil Nail Using Electromagnetic Wave (Journal of
Nondestructive Evaluation, 2019)

Smart Sensing Using Electromagnetic Waves for
Inspection of Defects in Rock Bolts (MDPI, 2020)
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