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Abstract Prefabricated houses are fabricated at the factory for approximately 60 to 80% of the entire construction
process, and assembled in the field. In the process of transporting and lifting, internal and external finishes of the
unit module are concerned about damages. The purpose of this study is to improve the fixing equipment by analyzing
load behavior. The improved fixing equipment would minimize the deformation of internal and external finishes. In
order to develop the improved fixing equipment, transporting load on the fixing equipment is analyzed using Monte
Carlo simulations, and structural performance is verified by the non-linear finite element analysis. Statistical analysis
shows load distribution of unit module is similar with extreme value distribution. Based on the statistical analysis and
Monte Carlo simulation, the maximum transporting load is 28.9kN and 95% confidence interval of transporting load
is -1.22kN to 9.5kN. The nonlinear structural analysis shows improved fixing equipment is not destructed to the limit
load of 35.3kN and withstands the load-bearing in the 95% confidence interval of transporting load.
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Fig. 2. Current state of measurement region on the

transporting load of the unit module
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Table 1. A correlation analysis on the transporting load of the unit module Connection region
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Section Picture of Force and Position
About the average 95% CI

Pe|

transporting load
about 2.3kN

Front Middle1 Middle2 Rear
Position

Fig. 3. Average value on transporting load when carrying
by vehicle of the unit module
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on the unit module Connection region
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Table 3. Parametric Estimation of Extreme Value

Distribution
Division Front Middle Rear
Location Parameter 1.1101 1.4045 1.6639
Scale Parameter) 1.6933 1.6823 2.6516
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E9 o] (Monte Carlo Simulation)<
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Table 4. Simulation Detailed Statistics

ol ofgi o 7193 e
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Disk type
Fixed block

10mm
0, 0, Groove binding
Division Min Max Mean 3% 9% Ly Bl
Per. Per.
FR -2.664 20.920 2.088 | -0.748 6.138 Fig. 9. Detailed concept on fixing equipment for
MR1 -2.376 17.962 2.375 -0.442 6.399 t i th it dul
MR2 | 2473 | 16907 | 2375 | 0442 | 6398 ransporting the unmit module
RR -4.562 26.126 3.194 -1.246 9.540
FL -2.742 16.907 2.087 -0.749 6.136 Table 5. A Comparative on separation phenomenon by
ML1 2375 18.480 2375 | 0442 6.398 change of direction of transporting load
ML2 -2.471 18.753 2.376 -0.442 6.400
RL -4.851 28.951 3.194 -1.246 9.539 Disk type Cylinder type
Division fixed block fixed block

(Item 1) (Item 2)

Direction change
of transporting
load (before)

Direction change
of transporting
load (After)

[

Fixed block

Adapter block
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Coefficient of elasticity (/) 210,000 MPa W Ao vhte AHdAM 27] sl i $9
Poisson's ratio. (V) 0.3 o] JFH AL, A&stzol oF 25kN o4 o] A3t

4273



2 Hz3ksb) a4

[}

A

b

u

be el 27

3}%0] 35.3kN o] A8 = 7
<]

S

SHEIE Fig.13 (a)9 2ol
Fig.13 (b)2} 7o) Yehsth

3], g

E

=

9]

L

A7) et El A A16W A6E, 2015
s

o
A

k]

wom, shgol 2hg

S 3Ae
=
o A

ol AT FO ToNNIT HBTTIT
EFodeg X xEPEaEPT FETEZy
ﬁ_?ﬂﬂ ﬂnmiﬁﬂl o T g T X *E g & g
Mo = Tl WM RRT WS g FE T W
i B G S MO B e AL MOEE - T
mwau %EE %o M B M| oo RO T oy o cry pu ﬁa]ﬁlEﬂ/l
o%eo_ni f..oﬂll:: ﬂmLZﬂ]&erML zTn_m_-hAlo_@ﬂ
L;L%o#aut M. otéoo,}ﬁ_.du ﬂwﬂﬁ@md%
p E ﬂw@m_xdll o 4w < %o
_lﬂuA_l% d.ﬁxluM_E_ wo ., 7o .Em.mo ,m.ﬁz\*a\m‘m‘uﬂﬂo
o ) ol = i d” LT W T 0 %@
Mo T o, o= e LR o BB o )
T op Mo X ERCEE G 2oy ®m M T
o 1 ~— o il X W o T op — o° = o
o R =R T s PE D LY T AR
o o o S X B o= oﬁﬁH]MMNWHALoEEomE
ﬂ%@m oo N A gb%ﬂWﬂ@Uﬂnﬁ. T
ol ok ) e N o m - T 0 b A Nr X — = ofp
T ol T o= Mooy BN %o K B T o
I A S - (- - Al el T
G E X TR pgParapZypygup®og®m s
W EEET WY PR S ows o MY R D wy,
%vﬁmm%s.mruoxEﬂﬁE%ﬂW%@%mﬁ%AE
TR i T A R ol - B TR =
N N B RN TRE RPNk R
o E BT T oW WoE oo W oMl N Mo =3 7T N % W
@
. S
g =
_ B &
f BB —v
t gs
-
smdwc
=]
3 g g
~% 8 °F
m.m_m
. EBE i
2 g SITTITTIILTTS
o =} NP R R P
ﬁmnmﬁmso %m WW+% Q W o Ww o wo wn o
2= = gn8ul9e
=
(N¥) peoj paidy 2 (n) peof payddy
o
z S o 3 s

gty JjAe] 71ode oz o dE)
References

ol
=

(¢}

Korea Research Institute for Construction Policy, pp.

Development of the Special Construction Industry” ;
7-15, 2011.

[1] L. W. Ryu, S. G. Park, “A Study of the Revitalization
Plan on the Industrialization in Building Systems for

A

s
4274

S

}& 35.3kN7}

o

H|

kel
il

HA A1E % 95% 73]

Displacement (mm)
[

L=

of the improved fixing equipment
[e)

2 A Eo) e

=

Fig. 13. Stress distribution and displacement diagram

H) 7}
ZFH2(-1.216, 9.540)

28.151kN ©llA]

p=h
L



[10]

(1]

[12]

S. Kim, K. T. Kim, N. C. Park, “Development of Fixing
Equipment for Delivering a Prefabricated Housing Unit”
; Proc. of Korea Institute of Construction Engineering
and Management, pp.287-288, November, 2014.

K. T. Kim, M. J. Che, N. C. Park, S. Y. Park,
“Development of Construction Technologies for One
Day Housing” ; Korea Institute of Civil Engineering and
Building Technology, pp.22-27, 2013.

N. C. Park, K. T. Kim, S. Kim, “Correlation Analysis of
a Working Load in Transporting Unit Modules” ; Proc.
of Korea Institute for Structural Maintenance and
Inspection, October, 2014.

K. J. Shin, S. H. Lee, H. D. Lee, “Analysis and Test for
Turn-buckle of Capacity for measuring Tensile Force”
Korean Society of Steel Construction, Vol 23, no. 6,
pp715-724, 2011.

K. S. Roh, S. R. Lee, J. Y. Kang, “Finite Element
Analysis of the Gangway of a Korea High Speed Train”
; Proc. of the Korean Society for Railway, pp222-229,
Spring, 2001.

W. J. Hwang, Y. S. Haam, S. T. Kwon, H. M. Hur, E.
S. Chun, “The Structural Analysis of Bogie for High
Speed Freight Car” ;
Railway, pp217-221, Spring, 2001.

H. B. Park, S. K. Lee, S. C. Yang, J. C. Kim,

“Statistical Comparison Analysis based on Monte Carlo

Proc. of the Korean Society for

Simulation between PSD random analysis and it’s
Equivalent Static Analysis for Analysis Equipment” ;
Proc. of the Korean Society for Noise and Vibration
Engineering, ppl14-121, Spring, 2008.

D. W. Park, W. Y. Moon, “The Reliability-Based Design
Optimization for the Military Communication Equipment
considering the Design Uncertainty” ; Proc. of the
Korean Society for Noise and Vibration Engineering,
pp504-509, Fall, 2011.

S. Lee, M. H. Jang, J. K. Kim, J. W. Moon, I. G. Kim,
“Reliability and Sensitivity Analysis for Laminated
The
Korean Society of Mechanical Engineers, Vol A(37), no.
4, pp461-466, 2013.

DOI: http://dx.doi.org/10.3795/KSME-A.2013.37.4.461
K. T. Kim, I. S. Jeong, N. C. Park, S. Y. Park,

“Development of Construction Technologies for One

Composite Plate Using Response Surface Method” ;

Day Housing”
Building Technology, pp.93-98, 2012.
N. C. Park, K. T. Kim, S. Kim,
Probability Distribution Model on the Load of Transport
of the Unit Module” ; Vol 14, no. 2, pp220-221, 2014.

; Korea Institute of Civil Engineering and

“Estimation of the

4275

[13] S. Kim, K. T. Kim, N. C. Park, “Analysis of Load
Behavior of the Fixing Equipment for Modular Units” ;
Proc. of Korea Institute for Structural Maintenance and
Inspection, October, 2014.

Hi b X (Nam-Cheon Park)

02007 8¢ : Iwidiga uigd
A5-esat (% 344

02007 82 ~ A :
sdT9 74

[H2lH]

©2006d 8¢ : FYoista
wugsta (AN
020111 12€ : Texas A&M Univ.
Dept. of Civil Eng. (Ph.D.)
e2012d 19 ~ 2012¢d 6¥
POSCO E&C Manager

20121 7¢¥ ~ 20124 12€ : F
oyehsta -

EER

020121 12¢¥ ~ AAl : = AT|Ed T AT
<A Eop
A, AAAEs, APEAA

Z 7 EH(Kim-Kyoon Tai) [EE3]

©1995\d 2¢ : Agdistu Aoyt
A A5FE (332D

0200351 2¢ : A3|dgta dukosh
9 A8t (Fshaah

©1995d 5¥ ~ #A . =147
AT A7
0200651 62 ~ &A| : FFHAVE

A4l o)k





<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


