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The Strength and Environmental Friendly Characteristics of Cement
Mineral Types Shotcrete
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SYNOPSIS : Shotcrete is NATM technique after tunnel excavation as major tunnel support for ground
stability, curtail of execution period and reduction of execution expenses instead of general lining method. It
is trend using constantly shotcrete lining. This high-strength shotcrete is require to use as constantly shotcrete
lining. This brought out the solution of environmental pollution and harmfulness about human. Accordingly,
in this study Specimens of strength measurement was made to develop shotcrete possible to develop in early
materials with Cement Mineral Accelerator as NATM method construction. It's compared with existing
shotcrete material, Unconfined Compression test, flexural strength test were experimented. The fish poison test
was experimented to evaluate an influence of environment. On results of test, Unconfined Compressive
Strength and flexural strength was equivalent with 28-day strength of existing material. On results of fish

poison evaluation research subject material was founded environmentally friendly for existing shotcrete.
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F 1.68t/m, ZHEEM) 2.852 TAEFHY SPEZ EFHAJAG. A4S HAd) X5 13m, HF 2.66°]
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¥ & Fkg/m)
T W/C(%) S/al%) W C S G FAANCE7BA)
i 47.6 65 214 450 1027 587 40(C*X11.2%)
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A& F(kg/m)
e EYCED) Sa®)  —y T ¢ S G | CMC-SP(E3A) | FAACIANEZEA)
A5 47.5 60 190 400 1027 694 4.8(CX1.2%) Natmic T10 : 40(Cx10%)
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FEA g FAAY A2 S Zaste] ¢10em<20emz A28 th FA A= dPA|H o2 A Z2FE S
OH(KS F 2425, A&AoA] ZIATE ARE wio= W) Ao A8 A7 1Y, 74, 149,
21, 289 H=E FIAAEZ A T Fr|dAe ZHEAFHIZudolEAC WEiA AFERE
1.0mm/minZ 83 dEHAFAE S Ao Ad A3 % 39 gow, RS ZadudF
Hy|o]EA =3 dE 25 U 715 AE 14973 %E 100kef/crs 3]sttt A8 dF |y EA
TAAY dEgEHEE FrAA4 FAART A= 347 1Y, 7Y, 279 ZAE7F oF 1.308), 1.604H,
2.000, 1.94¥) o FA od FHow AFATLFUUo|EA FAA AHE 7Y dEAFAEE Hf
458.4kgf/enf .2 =] Y E 289 dH5UFAE 7152 200kef/cnS Z2IstE AOoE YET
% 3. 4FUFAE 54 4 (kgf/ar)
A = 3h 14 34 74 14 21 28
) our (24 hr) (72 hr) | (168 hr) | (336 hr) | (504 hr) (672 hr)
1 26.1 125.8 143.3 166.0 195.8 208.5 226.1
71 20.3 105.2 132.5 175.3 201.2 216.3 234.0
I E 3 20.5 112.0 155.6 189.2 215.9 224.2 249.3
9+t 23.3 114.3 143.4 177.2 204.6 216.3 236.1
1 25.2 216.3 294.1 340.2 376.2 418.2 437.7
VikigeiEAg 2 35.0 167.2 284.5 362.3 412.5 442.0 462.4
A5 3 29.0 157.7 319.6 359.6 432.8 463.6 475.1
3t 30.1 180.4 299.4 360.4 406.5 443.3 458.4
2.3 2Z= AlE
TAAY AdEAE AFE Y3 FAAY X+ KS F 2403(Za8ES H=ATE FA A9 A2
PSS ZaEted 15emX156cem, o] 56em®E kT B EE A4S A 9B (15X15%X55em)E Ab
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off oA 3AIZ, 14, 7Y, 28¥ AHe EALE SAHG oY, 11 A3 % 49 2ok
ZEd g HlLﬂOlEﬁl #=AZES AF 28Y HAFAEE 90.3kgl/eni il F7| G A=A ES] A
o 28¢Y BAET 57.2kgf/ai® YEMSTE A S7HEAES 7 AR BT AE 747HAY S7HE 717
A 79 olFuh B geon Fr9Ae A4S 149 7289 FRHIA 60kgf/ard] SRR o A
HAFuyo]EAS] e Y Fitoll A 3] SUkeks Ao w yErT
X 4. B34% 54 A3 (kgf/cn)
A = 2 h 1 34 7Y 14 214 284
our
A = (24 hr) (72 hr) (168 hr) (336 hr) (504 hr) (672 hr)
1 12.2 21.5 26.9 41.8 48.7 54.3 57.2
71& 2 11.3 22.8 27.9 40.2 47.8 52.5 58.6
£HTE 3 12.0 20.3 28.8 39.5 45.6 53.4 55.7
s 12.0 22.3 28.8 39.5 45.6 53.4 57.2
1 20.9 37.7 45.6 63.0 72.7 82.5 89.9
IR 2 21.2 38.4 46.7 65.5 71.2 80.2 90.0
A& 3 21.7 36.5 47.2 63.3 69.6 77.8 86.1
g o 21.3 37.5 46.5 63.9 71.2 80.2 88.7

2.4 BHYY BIHISHAIE)

Ao Fr9Ae ZEdudFadoEA £AEE o R pHAdGl o8k o5,
2005)% 4oz FHAFAS FIHe A" 1

F719A £AYES] AS AFEAR 27 pH7F 43 F7Hste]l 3 30% pH 100 o211, o]
S AJzke] Ao weEl pH7F YASHA FRshE 4¢SS HoFa vt ZEAAdFrjdlo]EAl £
El 45 pH 9744 F7fstthrt 1 A8] Fhaste] oF pH 8.39 FHeE A3 HAth
A

w3, FAGE FI19Ae A AR A 1080 yel 2utelrt AAbella A& Ao w s 1
AT A FA 11 A ol PH 350 o G o) dkels) el Aoz @
G ool M BEARR Tl EA £AE 4G FAol 2o £AR) 300eE A5
om o] ¢z fEwFo] A7 wEll o= %‘%H‘}iﬂ}.

ofSMAMEZ o syAEAY
ERES 12
30 10 P P anad Sreesariosses -
.
25 m&oﬂm 8 - Satt—, ———— -

— J|E%32|E
pH 6 - L E

© 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 16 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96
AlZH(hour) Al ZHhour)

(a) pH W3} vl (b) &Ale] AEE Bl
a7 1 54 E 2

w
M
rh

2 AFNAM = NATMETH AlFAl 2719 14k ddo] 7ha3 £z AaE Ndstr] §she] Al
HEFEA FAAES AHgsle] FEe=AR FAAS AZste] 71E £32E A8 vuste] ZEAd

- 764 -



2

o,
2
g{r:
2,
&
N
N
il
(1
>,
o
ol
b4t
o
)
5

At et 2k

F19Ae AEAIdFudolEA £adE BT U] AlH
Falstolth. ZaEAsdRuvolEA A8 Frv F79A AsE AH
3A17F 19, 79, 289 A== Zhzb oF 1.304, 1.60HH, 2.008], 1.948) © =LA 2t E=3

] e ot 458.4kef/er o2 ) 71E2(200kgf/cn) Boh 2v] 2 A w7 HEEA LS
AFNEAEE Aol HEA] st F7ds a7/ A& o2 Al

o> e
iib)
u

=
)
;&
>
e

H AREAY A ZAeddgFudelBEA A Ee] AE 289 AT RS 90.3kef/arl
289 FHFAREE 57.2kgf/ar2 UElHTh X S7M4EE Byl F A5 BT

7d olFHT ¥ Flow FrAA AS 14UeA 28%‘ TRl A 60kgf/

arell FHEstl o 2GRl EAs A Rl AHHoR T S HES

olEA Y Aaf FUIAA A ES] S AAAE 271 548 pH7F S7eke] =3 30

231, o] F AJFto] Aol wet pH7E dASH R AT, AadddFudolEA &
A ES] A pH 97HA S7Fstt7E MM 3] gHasste] oF pH 8.30] sHsklth. EjE & A
F719AS A5 A AE 102 ool 2vkelr) HALS AL A HH o m Faske] 1R B
Al 11vwkel7 wAbekglsdl o= EzedEe] Ashr] Wil Aoz ATt o Z
HALFU O EA LA ES] A9 FAo7F 7] RA SOH}E]% Askglon o= &ze
ol A7) Wzl Aoz ddE A

=

¢ o

T

=
4»

¢

H

=
_

e
N
ofp iy
g ol

e, AER2005), A8t RS S iR FHAY MLy AAA SHATHe 484
, WFEESI =T, 257 1CE, pp. 43~53.

Fat, AT, 2EE(2004), NATM B9 71552 Shoterete ZEA ol #3t A, WFEET 3
3, 247 2D3, pp. 239~245.

% 21(2005), oFFed-ol 22 A, 971, pp. 159~168.

S T 31(1993), o Fol 9% 34 SAAE, dFFFATFE KS M 0111,

o

. Franklin, John and Maurice B. Dusseuault(1989), Rock Engineering, McGraw-hill, pp. 321~335.

- 765 -




<<
  /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


