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Abstract In this paper, concrete base to sleeve connections of hybrid substructures for offshore wind turbines were
suggested and investigated experimentally. Punching shear strength tests with well-instrumented three connections
under different reinforcement ratios and loading conditions were conducted to investigate the punching shear strength
and the behavior of the concrete base to a sleeve connection. The test results showed that the punching strength and
stiffness of the connections are affected mainly by the reinforcement ratios. The loading conditions with an axial load
and proportional moment cannot affect the stiffness but affect the strength of the connections because of the axial
load-moment interaction. The punching shear failure and critical section of the each test specimen are also discussed.
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Fig. 1. Hybrid substructure for offshore wind turbine
(Park et al.[2]).
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Fig. 2. Suggested base to pile connection method of
hybrid substructure for offshore wind turbine.

>
-
2
=2



sto| B2 E AL AXNF2EY ZIYE Ho|A-&TB AF R g A A+

ol
as)
o
(Ml
fu
i)
{m
E
>.
>
>
o
L
E
—[n:
il
X
rﬂ%
o?:;
o
fo
ol

=

T2 = T S D VIR
> oz i)
2 o
tlo
2
£ 0

>

e my

SO
%0,
I
Bl
i
i

e
i)
ot
-
o
o
o
rlo
=
o
[
W
[z
ol
<
o
[>

)

[

odh
Mg Lo

[

ay!

e

i

2

el

29

i
to o
Dy

2 1>
oy omom

R0

[

|m

o

2
i
N

iCh

o
=
[
%
{m
d,
o
o
!
B3
>
@J [z
e

S
)
ol

2,

r_eu

o

2,

2

(e

jf_ll

S

r ot &

e

fl

—[n: of
Fl

At
od-&el8 2dE A4 DNV-OS- J101[4],
API-RP 2A-WSD[5], 1SO-19902[6]°] A ¥ 12}4-E
AAF AAMeR HAZ 7hssty] wiEdl, Ho]29t
ST B gk AAR] As A5c] Fasith weba,
AT E w29 Sl B PAT B AAF

ol
of Aol e ue] Ago] FaH i

3. &AMl A M= A ME

: FE 9 FZAES EAA
£ Table. 20 A =]t} AdA L] ZIZE Ho]x

Table 1. Dimensions of specimens
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Specimens SC-AL-S100 SC-EL-S100 SC-AL-S140
Diameter of pile(mm) 508 508 508
Thickness of pile(mm) 12mm 12mm 12mm
Diameter of sleeve(mm) 609 609 609
Thickness of sleeve(mm) 12mm 12mm 12mm
Embeded length(mm) 330 330 330
Spacing of rebars 100 100 140

rebers D13 / D10 D13 / D10 D13 / D10
Stud HS1(fy=235, fu=400)

Dimenstions of stud @13 / Length=100mm / 32EA
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Table 2. Material properties of specimens

(Unit: MPa)
Young’s modulus(Es) 154,909
Steel tube Yielding stremgth(fy) 316.5
Ultimate strength(fu) 460.8
Young’s modulus(Eg) 47,670
Grout
Compressive strength(fck) 122.8
Concrete Compressive strength(fck) 26.8
Young’s modulus(Es) 180,806
Steel reinforcement Yielding strength(fy) 521.1
Ultimate strength(fu) 655.6
Table. 194 SCi= Sleeve connection, AL¥} EL&  SC-AL-S140 gt Ao nj 147 o] 747}
Z}7} Axial loading, eccentric loading, S& &2 7+ 100mm, 140mme|t}l. slEZ7E WFE g 294
Ao® S§1002 A 100mmE  SERTh whebA,  SC-AL-S1003} SC-EL-S100 EU g Aoz A
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Fig. 3. Dimensions of test specimen SC-AL-S140
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Fig. 4. Dimensions of test specimen SC-AL-S100 &
SC-EL-S100
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Fig. 5. Test specimen
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Fig. 6. Loading condition of specimens
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Table 3. Test results

Specimens Prnax Ayax
12.73
11.74

10.31

Ao, stip
373
3.03
352

SC-AL-S100
SC-AL-S140
SC-EL-S100

1,360.06
1,126.58
1,240.46

A H) s SC-AL-S100, SC-AL-S140,
SC-EL-S1004 g4 = 7}7} 1,360.06kN, 1,126.58kN,
1,240.46kNelH, ol FHuo] ZEoAe] Wele 77t
12.73mm, 11.74mm, 1031mm= FAFSHA UeEpgTh
=elHet FAE oo SY °F 3.03mmel A
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2 A
Haety] flske], AEA e et
5 E3) dojdl A
Ao 75%% Aojy
o] WM9|= Table. 3| YERNRILE F2 ¥

7

o
o
2
av)

ey
o L
JUL]

2 o
ol
J

ol

S
o,
=

7} 2 SC-AL-S1004 &A1 9] 7-9- SC-AL-S1404 & A ]|
Hlato] A ZE=E 9F 20.7% A UEbTh ojujel W
9= 242 12.73mm, 11.74mm=E FAFSHA Yebstke 2
Zuj2el] wE &3S Fig. 7% Sal unFsnd, oF
10mm7HA1 9] Z7] §9] Al Agx)e] 7Pl &
ApolE Hol= o & Yehyt ek HUAERE Ao

84

?} Z‘i—g—i E]—O]‘ f4 Le] [¢]
IS A= AoR vEr
1,600
= SC-AL-S100
1,400 1 ——SC-AL-S140
1,200 -
E 1,000 -
= 800 -
g
- 600 -
400 -
200 -
0 T T T * T
(1} 10 20 30 40 50 60
Average displacement(mm)
Fig. 7. Load and displacement curve considering
different rebar ratio.
4.3 6} 2400 [Eh_ da 24M

SC-AL-SlOOS’Jr SC-EL-SIOO«] sk W9 IS v

3tk SC-EL-S1004 A= =23 o v|#sh=
RHlE] s EA] of #M3t7] 95t skes oF

90mm HA 33k 7 -$-olt). Fig. 8ZHE =t A5l
AAA 7} stFo] A ® AFA R Hdl F=o) oF
9.6%A Uelgtoy, Aozt o2 AgAe] dxtet
= 2 o Smme] W7L ST w7hA] A Al

509 FAL wol 271340l FAke
wEhA, sl FEREY A & JFS 1A
7 o HE-RUE J5 gl oste] e g
S HAY, 7] AAdle 72T AXEE HE )
Tol b 2 92 vAE WYL HAs
1,600
1,400 - e— SC-AL-S100
1,200 - - N SC-EL-S100
2 1,000 - S,
22 “n
T 800 - i
=] 1
S 600 H
400 !
I’
200 - //
0 . -t ; - :
0 10 20 30 40 50 60

Average displacement(mm)

Fig. 8. Load and displacement curve considering
different loading conditions.



stolHE SFFHLA AATFRES ZAYE Hlo|A-&2 B AZR HF

4y a7

r-III
H

4.4 st8

20,000
18,000 -
16,000 -
14,000 -
12,000 -
10,000 -
8,000 -
6,000 -
4,000 -
2,000 -

0

rE
091

Strain( x 106)

£,-2,882x 10

-100 0 100
Distance from centerline(mm)

-200 200

—— SC-AL-S100_FH1
—0— SC-AL-S100_FH2

---—&— SC-AL-S140_FH1 ---#-:-SC-EL-S100_FH1
--—&— SC-AL-S140_FH2 ---&---SC-EL-S100_FH2

9. Strain distributions at bottom main reinforcement
near the sleeve.

Fig.

ot
o%

}(_t‘
r
o
p)

b o

ox
rE Ay
ot
i
©

Fig. 9& Aol 3¢ it
WA (FHL), + HAEFH2)2 ¥
Z+ AgA e AU Ax =g A
e ﬂﬂrOﬂH V23

=

o

X
ggimﬂm
w2
N L£om
»oo o o
n i

T
k)
o
Ho8
o
i
QL
ooy oz 4

po
(o
i
e
L
i,
I

N

t b

o "

) fr

E ol &
2 ox p C
o
ro

ofh
i

5% Qane) BYAWR
& Al AN e

et

Fig. 10= }3] ok
715#— s}%o ol

SC-AL-S1002 3 71 ¢] 74,
S dolA Aujo] Aok iAo &
wAEGITh b,
SC-AL-S140 23 A=,
g8 Yel o, HA dy]e] Fade
iRy 2 JdYPRIE
SC-EL-1002 %A 9] 75 a5
[e)

85

Well At

R LT

(a) Failure mode of SC-AL-S100

(c) Failure mode of SC-EL-S100
Fig. 10. Crack pattern and failure mode of specimens.



FFAE & =B A7 RS, 2016

140mm¢] SC-AL-S1402 3 A Bt} FHuj

0,
(o
(o
fu

= o 2

w
2 o
o o o rfu

il

Hol= AS® eyt webA, 4

10|(De) ol A W AV Bad A

U A
) N
e
in
i
fo gt

PR+
lo M o

oo
ok
I
e
[>
kil
I
=2,
o
=
t
o,
QL

o
I
i
:

2
>
N
N
o
it
©
(2]

_0|L
Jr 32
fo
o
aY)
i)
)
=2
R
>
=
N
N

b %
f o

ru
of

)
o
=
!

av

fl:

b
o oo & e o o o

o

86

(1]

[2]

B3]

[4]

B3]

(6]

(7

(8]

References

H. G. Kim, B. J. Kim, K. D. Kim, “New Development
of Hybrid Concrete Support Structure with Driven Piles
for Offshore Wind Turbines.”, Journal of Korean Society
of Steel Construction, Vol. 25, No. 3, pp. 307-320, June,
2013.

DOI: http://dx.doi.org/10.7781/kjoss.2013.25.3.307

M. S. Park, Y. J. Jeong, Y. J. You, “Numerical analysis
of hybrid substructure with multi-cylinder for wind
turbines.”, The 2013 World Congress on Advances in
Structural Engineering and Mechanics, Jeju, pp.
2355-2369.

M. S. Park, A. N. Song, Y. J. Jeong, Y. J. You,
“Dynamic Response Analysis of a Hybrid Substructure
for Offshore Wind Turbines due to Wave forces.”, 2014
Conference of Korean Society of Civil Engineers, 2014.

DNV-0S-J101, Design of Offshore Wind Turbine
Structures, Det Norske Veritas As, 2014.

API Recommended Practice 2A-WSD, Recommended
Practice for Planning, Designing and Constructing Fixed
Offshore Platforms-Working stress Design, American
Petroleum Institute, 2007.

ISO 19902, Petroleum and natural gas industries-fixed
steel offshore structures, ISO, 2007.

JSCE, “Wind power plant support structures design
guidelines and commentary”, 2010.

KHBDC, “Korean Highway Bridge Design Code(Limit
State Design)”, Ministry of Land, Transport and
Maritime Affairs, 2014.

ol

A 3ZlJeong-Hwa Lee) [

[0

=

MM

02011d 82 : A&¥Er|ethel
AATIY EEFE (334D

2013 8¢ : mHUstm AFHAE]
#74-e3st (A

¢2013d 99 ~ &Al : zEdtaL
ASAE] 3 F 8 (AR

t
=

ol
oA, PR, PR AP



stolHFE ST YA AXNFEEY TAIE Hjo|A-&TH AdR o

=]
o
ot
re
4

B b ZX(Nam-Joo Byun) [Z=3]]]

020073 39 : LA A=A
R B Ry (51%})

20143 3¥ ~ @A . st
ASALE| 374 53 (*—1 F44A)

<@ ok
ey, A, 32
4 4 £kSeong-Hwan Kim) (g2

01998 24 : vl Uwteyst
A E5FsH (
02005 8¢ : Ui Unteyst

5
Bl
ol

o
Y
~

)

TG AT FHATY

o

<BAHop
ZAYE 38, 72T, E23T

8t X S (Jae-Hyun Park) [H3H]

020039 29 : Agdishn AHEET
23 (FeHIAD

02011 2¢ : MEostu AHE3A
T (FEAD

02002 129 ~ 2006\ 49 : T3
AA7)sdTd A7

020061 49 ~ 20139 49 : =7
AA71edTd FAAT

02013 5€ ~ AAl : 3= Ed T AR

A

87

7 o
=]

=

A Z(Young-Jong Kang) [H3]H]

¢ 1979\ 3¢ : sty E53HA
CEE )

01983y 3¢ . ;U W
EEZsa(FEHAA

©19873 9¢ : Auburn univ(Zg}
/\]—)

°1983d 39 ~ A : ﬁﬁﬂ@ﬂ
AEAE ST A

19

Qb
o, FREAARLIE, 7239




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


