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Abstract In this study, high performance patching repair mortars with light weight and sulfuric acid resistance properties
were suggested. Their performance estimation were investigated based on KS F 4042 using patching repair mortar with
light weight aggregate and soluble polymer of Type I and sulfuric acid resistance mortar of Type II, From these results, it
was confirmed that these motors were satisficed and improved by all standard tests of KS F 4042.
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Table 1
Components of repair mortars
Binder Fine aggregate
Kinds W/B i i
Cement  Admixtures Expander Polymer Sulfate activity ~ Fiber Silica Sand Lightweight
aggregate
Typel 028 40~60% 10~20% 10 % within 3 % within - 1 % within ~ 70~30 % 70~30 %
Typell 0.18 40~70% 10~40% 10 % within - 10 % within 1 % within ~ 50~30 % 30~10 %
Table 2
Physical properties of cement
Density Blaine Soundness Setting time (min) Compressive strength (MPa)
(glem’) (cm’/g) (%) Initial set Final set 3 days 7 days 28 days
3.15 3390 0.05 230 345 24.8 393 56.9
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Table 3
Physical and chemical properties of admixtures
. Dens1ty Blaine Chemical composition (%)
Kinds 2
(g/em’) (em'/g) Si0, ALO, Fe,0, MgO Ca0 SO,
FA 221 4478 58.6 23.6 745 0.9 3.13 -
BS 2.90 4520 342 13.5 0.6 5.26 425 1.95
BA 0.9 - 52.0 21.1 10.87 1.22 422 0.06
BN - - 65.0 17.5 1.0 4.0 2.0 -
CSA - - 5.39 37.17 1.92 3.00 40.48 9.25
SS 297 3810 4.1 6.0 0.1 14 472 35.6
Table 4
Chemical properties of polymers
Componet Appearance Tg (°C)  White powder (%)  50%sol.Viscosity 50%sol.pH Specific gravity
Pure acrylate copolymer ~ White powder 0 <2.0 <2000 7+1 0.5+0.1
Table 5
Physical properties of fine aggregates
Kinds Granularity (mm) FM Density (g/cm’) Absorption (%) Passing 0.08 mm sieve (%)
Silica (No. 4) 1.13~0.8 2.57 2.59 2.10 1.44
Bottom ash 1.0 or less - 1.91 2.73 4.0
Table 6

Properties of repair mortar (Type I, Type II)

Items Type 1 Type I KS quality standard
Compressive strength (MPa) 38.8 539 20.0 above
Flexural strength (MPa) 6.5 7.5 6.0 above
Bond strength (MPa) 1.48 3.45 1.0 above
Alkali resistance (MPa) 38.6 52.8 20.0 above
Depth of carbonation (mm) 0.9 0.9 2.0 under
Quantity of permeability (g) 44 2.8 20 under
Water absorption coefficient (kg - (m” - h*%) 0.04 0.04 0.5 under
Moisture transmission resistance (Sd) 1.88 1.84 2 under
Salt resistance (Coulombs) 59.6 63.4 1 000 under
Length exchange ratios (%) 0.09 0.09 + 0.15 within
Weight reduction method (%) -8.6 -1.7 -
Weight exchange ratios (%) 17 % - -
Sulfuric acid immersion resistance (MPa) Before 38.8 522 ASTMC 267
After 383 51.6
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Fig. 1. Compressive and flexural strength according to age.

Curing days

Bond strength (MPa)

0 1

KS F 4042

Type1

Curing 28 days

Type2

Fig. 2. Bond strength according to age.

Rl s =24sle] Hrielst). Fig 1
=S el Ao 2ZM, Type I3 Type I =F KS F
40420] 4 7158 VSl A SAEAT Type |
S A 28Y =AU 38.8 MPao] A EI, T

28U d=AE=L] 1/6~1/79 HF3R= 6.5 MPa
o] Z2AEQJr}t. HE3 Type = AH 28Y A== 539
MPao] SN0, Je=
A= Fig. 2& Type 13 Type 119 F2HEE et
W ASE, B5F KS F 40420 F4712 1.0 MPa ©)%

(o3

2 REagy. Akow g

3195901, Type 1 Xt} Type 17+
o} ol ©RET EEEIES] EA w2 W/BH| Ajo]
of &gt ZolH, Type 9] URPIE o]ife] 7l e
M E Ao EH EEH
T o 9 AE $3ED ZA)
NAEIA7] wizolet IETH4).
5 49 e WEEe Ca0 o] e HEXEWN

S0 #2471

= e e

o

o=
E=a=]

A 28 7.5 MPaZF =

o olg Eejmel 7
n2eo] WA

£t Type I, Type II

W= 2

pye)
1= E’l‘

0.16

0.14 -

0.12 -

0.10 -

0.06 -

Length change ratio (%)
o
8
T

0.04 -

0.00 1 1 1
KS F 4042 Typel Type2

Curing 28 days

Fig. 3. Length chagne ratio of curing 28 days.

20 -
3
2 15}k
3
©
(7]
£
8 10f
‘5
2
z
o
3 s}
0 1 1 1
KS F 4042 Typet Type2
Curing 28 days
Fig. 4. Water permeability of curing 28 days.
T ARES} vEsa nlg] o3 271 E st
=2 TEES Si0f] FfrEel B2 A xET
WES 2 A wEse] B o8l Aje] A
T A7AETE SR dolet AEs, 6].

dHET 54 Hrke AlE 289 At AIFAIE AL
of do|isted T 37431309, Type = 2
F SHS ol AEEE WUl Fig. 32 4old
3HES veld Ao=®, S84% Type 12 Type 11 BF

ZA%o] KS F 40429 +0.15(%) °lH=
TSIt Type 18] 739 H7HE ZEjmoa] B354
o] Egn IFo] FAHAA o|= st Yehtbe 4
|

Hadol] ofg WeAhg o] Baio] EL B

£ S| AAE 7] wiFolgt Y&E}%q[ﬂ EE?_’(}, Type
I} Type 25 HRITIO] AMEE CSAA BZA] 2



Mass change ratio (%)

100

80

60

40

20

Development of high performance patching repair mortars with light weight and sulfuric acid resistance properties 171

[ Plain

Plain Type1
TYPE

Fig. 5. Mass change ratio.

A7t 2710l WA S Ho] ARFFo] 7H4aE A
2 HQIT Fig. 4= FFES Yehd 2gZasn, 3
Aol g IS B5 10Nem’e FHoz 117}
b 7k FAIA ] A4 wiA T ST
AAF} BE KS F 4042 27139 20 g o3k =
sttt Fig. 5= A% 34S &9 HAM4R)E ARSg
Plainz} 3 #o]E vepdl 22jZ24, Plaino] ¥
°F 15% ol o] AL g st o= #

Aol AHgE AFZAGRNA ] oI Folrt. Ant
Aoz UHET SqolA Polushe B Frdo] e

[ Type1

o

=
[e)

=
h

3l

olfe E3M AR EelololN R wEsd vk
of ek Aol Tk wET EoAS] AUy 2
W, A5l % Zlolek BRETS, o]

3.3. W3kshs 5497k

3t

Depth of Carbonation (mm)

25

20

0.5

SHA

|
o,

=1

Bk AP 28d F¢ s

=

T

—a— KS F 4042
—e— Type1
u —&— Type2

I ‘ I
b

>

0.0

3 14 21 28
Age(days)

Fig. 6. Carbonation resistance according to age.

—m— Plain(OPC)
—e— Typel
Y —A— Type2

| ]

Weight reduction method (%)

-20 L L

2|1 28
Age(days)

(=]
~t

Fig. 7. Mass change ratio after the sulfuric acid immersion.

FEog vhksl A3, FAHMegSo,) A A -

3 s 43I Fig. 62
el Aade UERd 23 Z=4], Type 13 Type 1T
o] g3l Zolx= AF 28U 1.0mm )&t SHE
Aem, o]= KS F 4042 F271%<] 2.0 mm ©J3}& 7t
=3 ex|olt). B3, Fig. 78 3t AA] AES vel
W 2, 28U T AR FAIA FAE A
el Ak Hx] o] A7F Hels st Hrisksl
=, Type & Type [19] H#F g 2.5% W=
Waidel ¢3S SRl Bgth, Fig. 8 it
AR AFe] 28d AEHEE YEPH 2 Z2 0.5 MPa
olate] 7HAS HYOoW, E38] Type II= 27T Y

9)sh Wsteldo] gk A

o2 Uslshy Adido] st
wslegdol st sl 5499 &5 jkgo =
Zr A2 A0 E(3Ca0 - 28i0, - 3H,0) ]3]
el el wat Wsiels] Aaido] ekl

Oz ox 9
ox fr X wo o
s M

BN oz
N
ST

@ Before
[ | NN After

Sulfuric acid immersion resistance (MPa)

Typel Type2
TYPE

Fig. 8. Compressive strength before and after immersion to
sulfuric acid.



172 Kyoungmin Kim, Junhui Park and Tae-ho Ahn

olg} IHE 6.

4.4 E

B A3 dip) A8d 238 1REe g
EEZERE g gk AFEA, o8] ESHIEE o)&
st A7 2 WS SA4S TKE dHET REEE
£ Az, 2 35S Brtsiich

1) A% 544 EAE 9 3A4E, FERE B
KS F 4042¢] F27I5E vsislen, 57dmelA
Type = 7A34S R3] 93k URtE REEE22
38.8 MPa7t 280 oH, Type 1= ulitdo]l -3t
7% REEER 53.9 MPa7t S HAT

2) SHEFA] EAA dojisks 9 £ Type
18] 7S A1 W7KsE A3 KS F 40420 F471%
& TEEOH, Type & =& W/BY Hl8)] H71e =
el ogt Ay adte] sl FEFHe] AL, Plain
ol Hl3l 15 % ©% A=3S B2, Type I, Type 1
B AgA] ARE E3Ae] dFeR s g

GAA Aeaske B KS F 4042¢] #4
=& UESlen, ole Wiskehdel it g8kl
EZET Wkl ojsf Wiskeh Aol el 1

=

visheld SgelM Wezeld 454 2 wst
4 4

o

I AATE ZAF Mock-up tests X3sle] 283} 71
3

AL ool

=
2 dte 2016dE A7 ATl AE]el ¢
alo] FE AP weln] oo AR =y
References

[1]

[2]

[3]

[4]

[5]

[6]

C.H. Lee, “Evaluation of durability on domestic repair
materials” (Master Thesis, University of Seoul, Seoul,
2007) p. 1.

C.S. Lee, H.S. Lee, Y.H. Kim and Y.O. Kim, “An
experimental study on the evaluation of durability of
domestic repair materials”, KSCE Civil Expo 2007,
October 10-12, Daegu, Korea (2007) 2354.

Y.L. Song, B.Y. Moon, D.Y. Lee, M.C. Han and C.G
Han, “Effect of the desulfurized plaster replacement
ratio on the quality of mortar using blast furnace slag
powder and cyclic aggregate”, JAIK 36 (2016) 341.
M.W. Jun, “Evaluation of the performance of polymer-
modified cement mortar as a repair material” (Master
Thesis, Pusan National University, Pusan, 2004) p. 1.
J.H. Park, S.Y. Bang, T.H. Ahn and K.M. Kim, “A
study on the development of environmental adaptive
repair mortars with lightweight properties based on
polymer cement”, KCI 28 (2016) 411.

J.H. Park, S.Y. Bang, T.H. Ahn and K.M. Kim, “proper-
ties of repair mortars incorporating pozzolanic materials
and bottom ash aggregates with the resistance to sulfu-
ric acid attack”, KCI 28 (2016) 69.




<<
  /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


