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Influence of Mechanical Properties and Pore Structure on the Scaling
Resistance of Concretes
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Abstract The scaling of concrete caused by the combined effects of frost and deicing salt is one of the principle
causes of damage to transportation infrastructure in cold-climate regions. In this study, to evaluate the factors affecting
scaling resistance of concrete, the relationship between the properties of concrete, such as the mechanical properties
and pore structure, and scaling resistance was examined experimentally. The test results showed that the scaling
resistance was strongly dependent on the absorption properties of concrete, but not on the compressive strength.
Furthermore, it is believed that both the spacing factor and specific surface of the air voids was not a good parameter
for evaluating the scaling resistance of concrete. SGC concrete was less durable than OPC and SFC concrete with
respect to the scaling resistance in the scope of the present study.
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Table 1. Chemical composition of cement and mineral
admixtures(%)

Types SiO, | ALO;s | Fe;O; | CaO | MgO | SO; | Ig. loss
OPC 19.8 | 438 3.1 615 | 29 2.8 2.9
SG 31.7 | 145 0.4 417 | 54 2.1 2.6
SF 91.2 1.3 0.8 0.7 0.3 23

Table 2. Physical properties of aggregates

Gmax
(mm)

Absorption
(%)
1.14
0.85

Types FM. Density (g/cm’)

2.62
2.67

2.9
6.8

Sand

Gravel
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Table 3. Mix proportions of concrete

(unit: kg/m’)

Items oPC SGC SFC

W 187 187 187

OPC 400 240 368
SG - 160 -
SF - - 32

S 668 664 663

G 946 939 939

SP* 0.20 0.17 0.55

AEA** 0.50 0.80 0.15

* SP : wt. of binder, %
** AEA : wt. of SP, %
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Fig. 1. Schematic drawing of concrete specimen
for scaling test
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Fig. 3. Results of absorption measurement of
concretes

Table 4. Initial absorption coefficient (Si) of concretes
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Codes Si (x10*mm+/s)
SCP}S ?::z Table 5. Air void characteristics of concretes
SFC 0.67 Codes OPC | SGC | SFC
Air content | FreSh conerete | 5.6 5.1 47
S37E E4Y 0 Hardened 24 2.1 2.9
concrete
Table 5+ & AFolA AMES 35F ZaATES ¥ Spacing factor(um) 352 259 206
ZE4S YR Aolth o] FolA & 4 glEo] 27 Specific surface (1/mm) 21.8 314 34.1
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Fig. 4. Results of image analysis of concretes

115

5000

4000
2]
i
Q
-
= 3000 o
<
[
Q
=
2 2000
£
3
Z
1000 {|if
04 o -
0 200 400 600 800 1000
Diameter of air voids, um
Fig. 5. Number of air voids of concretes
30
77 10 cycles
FEEETI 30 cycles
25 2] 50 cycles
E
& 20
=
B
g 15
=
ke
o
= 1.0+
Q
w2
0.5 -
0.0

SGC
Types of concrete

Fig. 6. Scaled mass of concretes exposed to 4%
CaCl, solution



BAFE &8 =EA) A7 ALE, 2016

B
X

2
o
L0 ox . o

to rr do rlo

B

S
>
ot
)

Mool
=
N
)

o} 71 AFA T 14]00 H%é”d, A
43 2B 4, FAE] F3l(frost attack):
71 AT R Al A A Al dEks wot
2FA|Yo] #3}A

gHAel $+,

(]
I

o SGC

—
I L

Scaled mass after 50 cycles, kg/m?
o

o]
oPC SFC

0 T T T T
0 20 40
28 day-compressive strength, MPa

60

Fig. 7. Relationship between compressive strength
and scaling resistance of concretes

116

Scaled mass after 50 cycles, kg/m?®

Scaled mass after 50 cycles, kg/m?®

Scaled mass after 50 cycles, kg/m?

[}
1

,_.
I

SGC

0 0.4 0.8 1.2 1.6 2
Si, x10* mm sec!?
Relationship between initial absorption
coefficient and scaling resistance of
concretes
@)
& SGC
.
L ] OPC
SFC
T T T T T T T
0 100 200 300 400 500
Spacing factor, micron
(b)
SGC
A
A
OFC A SFC
T T T T T T T
0 10 20 30 40 50
Specific surface, 1/mm
9. Relationship between pore structure

Fig.

characteristics and scaling resistance of
concretes, (a) spacing factor and (b)
specific surface



zage gty 4%

9 T2 2AYE AR vA= FF

. ZAYES] T
oA SGC 3T EQ]
B} A Yepst oy, 28
AbsHAl YRSt o™, SFC
glol 3%F 2AYE T /M

FS

i og FA vepdo s,

B AR FAHSIT

o2t

ol o ¥0 4l
fo K 32 ox I

o
)
ru
W
k)
I
of

2]
Q
@
U
1
L)
(m
o
[>
X
e
o,

ot
ox
o

foox i Lo
&
Xl
N
o
g2
o ¥
o
£

=5
g

2

lo
2
ot
D
N
52
o
pou)
o
fru

29 Ao
A7} 3

References

[1] P. C. Aitcin, “Cement of yesterday and today concrete

of tomorrow”, Cement and Concrete Research, Vol. 30,
pp. 1349-1359, 2000.

117

[2]

B3]

[4]

B3]

(6]

(7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

DOI: http://dx.doi.org/10.1016/S0008-8846(00)00365-3

S. Y. Han, K. K. Yun, K. G. Nam, K. R. Lee, Y. D.
Eum, “Mechanical properties and chloride penetration
resistance of shotcrete according to mineral admixture
types and supplemental ratio”, Journal of the Korea
Academia-Industrial Cooperation Society, Vol. 16, No.
7, pp. 4960-4968, 2015.

DOLI: http://dx.doi.org/10.5762/KAIS.2015.16.7.4960

A. Elahi, P. A. M. Basheer, S. V. Nanukuttan, Q. U. Z.
Khan, “Mechanical and durability properties of high
performance  concretes  containing  supplementary
cementitious materials”, Construction and Building
Materials, Vol. 24, No. 3, pp. 292-299, 2010.

DOI: http://dx.doi.org/10.1016/j.conbuildmat.2009.08.045

J. J. Valenza, G. W. Scherer, “A review of salt scaling:
II. Mechanism”, Cement and Concrete Research, Vol.
37, No. 4, p. 1022-1034, 2007.

DOI: http://dx.doi.org/10.1016/j.cemconres.2007.03.003

P. V. Heede, J. Fumiere, N. D. Belie, “Influence of air
entraining agents on deicing salt scaling resistance and
transport properties of high-volume fly ash concrete”,
Cement and Concrete Composites, Vol. 37, pp. 293-303,
2013.

DOI: http://dx.doi.org/10.1016/j.cemconcomp.2013.01.005

A. Nowak-Michta, “Water-binder ratio influence on
de-icing salt scaling of fly ash concretes”, Procedia
Engineering, Vol. 57, pp. 823-829, 2013.

DOI: http://dx.doi.org/10.1016/j.proeng.2013.04.104

S. I. Jeon, J. H. An, J. B. Lee, S. A. Kwon, “Variation
of image analysis results for determining the
characteristics of the air-void system on hardened
concrete”, Journal of the Korean Society of Road
Engineers, Vol. 13, No. 1, pp. 157-168, 2011.
DOI: http://dx.doi.org/10.7855/ijhe.2011.13.1.157

R, Siddique, “Utilization of silica fume in concrete:
Review  of  hardened  properties”,  Resources,
Conservation and Recycling, Vol. 55, No. 11, pp.
923-932, 2011.

DOI: http://dx.doi.org/10.1016/j.resconrec.2011.06.012

P. K. Mehta, P. J. M. Monterio, “Concrete-
Microstructure, Properties and Materials”, Third Edition,
McGraw-Hill, p. 31, 2006.

J. Deja, “Freeing and de-icing salt resistance of blast
furnace slag concretes”, Cement and Concrete
Composites, Vol. 25, No. 3, pp. 357-361, 2003.

DOLI: http://dx.doi.org/10.1016/S0958-9465(02)00052-5

J. Stark, H. M. Ludwig, “Freeze-de-icing salt resistance
of concretes containing cement rich-in slag”, In:
Proceedings of the International RILEM Wokshop,
E&FN Spon, p. 123-38, 1997.

J. J. Valeza, G. W. Scherer, “A review of salt scaling:
1. Phenomenology”, Cement and Concrete Research,
Vol. 37, No. 7, pp. 1007-1021. 2007.

DOI: http://dx.doi.org/10.1016/j.cemconres.2007.03.005

J. Stark, H. M. Ludwig, “Freeze-thaw and freeze-deicing
salt resistance of concrete containing cement rich in
granulated blast-furnace slag”, ACI Materials Jpurnal,
Vol. 94, No. 1, p. 47-55, 1994.

D. K. Panesar, S. E. Chidiac, “Multi-variable statistical
analysis for scaling resistance of concrete containing



A 71Ee 8] =g A ATd AL, 2016

GGBFS”, Cement and Concrete Composites, Vol. 29,
No. 1, pp. 39-48, 2007.
DOI: http://dx.doi.org/10.1016/j.cemconcomp.2006.08.002

0| & EH(Seung-Tae Lee) ("33

e 19999 8¢ . gt skl
EEeat (T

e 2003 2¢ : @izt bishe
EEgsa} (F5AD

© 20061 39 ~ @A : A
EREet ug

rd

rd

AAA R, 23YE Tx, TAYE X%

118




<<
  /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


