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In Kitami City, Hokkaido, cracks have been found in bricks, seemingly due to frost damage have been found.

In this research, we considered three different mechanisms of frost damage such as frost heave phenomenon,
one-dimensional freeze-thaw phenomenon, and closed-type freeze-thaw phenomenon.

We conducted frost heave experiment and two kinds of laboratory freeze-thaw experiments in order to verify
the actual mechanism of the formation of the cracks in the bricks.

From the experimental results, it has been confirmed that frost heave phenomenon does not occur in bricks and
that cracks does not occur in bricks due to simple one-dimensional freeze-thaw phenomenon.

In addition, if bricks do not melt completely during repeated freezing leaving some frozen parts and then the
bricks refreeze, the melted parts refreeze surrounded by the frozen parts and cracks then appear in the bricks.

In this research, this mechanism of frost damage has been defined as closed-type freeze-thaw phenomenon.

This mechanism of frost damage is different from those considered in the past.

In this article, this new mechanism of frost damage will be described.
KEY WORDS: Brick, Frost Damage, Freeze-Thaw, Frost Heave Phenomenon, One-Dimensional Freeze-Thaw

Phenomenon, Closed-Type Freeze-Thaw Phenomenon
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Fig.1  Frost damage of bricks in Kitami city, Hokkaido.
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Fig.2 Schematic image of frost heave phenomenon.
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Fig.3 Schematic image of one dimensional freeze-thaw phenomenon.
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Fig.4 Schematic image of closed-type freeze-thaw phenomenon.
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Table 1 Basic physical properties of common brick use to experiment and

brick sampled on the site.

T £ Brick Common Brick | Brick Sampled on
es of Bric|
P Use to Experiment the Site
Water Absorption Ratio (%) 12.2 12.2
Porosity (%) 24.7 24.9
Bulk Density 1.98 2.01
Apparent Density 2.63 2.68
Elastic Wave Dry Condition 2.49 2.60
Velocity (km/s) | wet Condition 2.97 3.04
Specimen for 30mm
Compression Strength Test
—
N
g
g
S
©

100mm

Loading
Direction
Loading Specimen for
Direction A Tensile Strength Test
30mm 20mm

Fig.5 Sampling of test pieces for compressive strength test and
tensile strength test.
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Fig.6 Compressive strength test results.
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Fig.7 Tensile strength test results.
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Fig.10 Sampling of test pieces for frost heave experiment.
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Fig.11 Frost heave experiment equipment.
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Fig.13 Appearance of the brick after the frost heave experiment.
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Fig.14 Appearance of the freeze-thaw experiment.
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Fig.15 Arrangement of bricks for freeze-thaw experiment.
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Table 3 Particle size distribution of weathered volcanic ash.

a Silt Fine Medium Coarse
a : Sand Sand Sand
Percentage
Passing 26 24 33 16 1
(%)

Ambient Temperature
Boil Temperature

Tem -

15cm

Fig.16 Installation positions of the temperature sensor.
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Fig.17 Measuring positions of elastic wave velocity.
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Fig.18 Appearances of bricks before and after one dimensional freeze-thaw experiment.
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Fig.19 Changes in temperature of brick and atmosphere temperature during one dimensional
freeze-thaw experiment.
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Fig.21 Elastic wave velocities of bricks before and after one dimensional freeze-
thaw experiment.

% OB OB TR 25.4% (SN T 5, oF 0, BEFOK
OyiE, BRSO HEECRMRIE DA FEIC Ko T, K T75% BRI E
NTWDZ D, ZOZ LD, HEERMRZ RS Z LI
F o THREF DRSPS, BEOHEESET Z & 23R
iz,

Pl EOFEBRAER DS, BT — Rt O Wi RLAE CLI OO
FELRWH OO, HEORBLHTIZIBWT, il g ik
ATHWDZERHBNERoTz, ZOBREOHIE, BRPICE
FN TN ARG OBFEFERMARIZ L > CHEEZ SN TS EEZEXD
N5, 72720, —WItOENETIE, W EHG LR, BB
FOK ~ & FHAE LT HBRICHRAET DR, HFUKZE T ORKE
FEA~EBEISETLE I 20D, RELRNHEANIEE L2
FOTEBRWNEZZ NS,

F iz, FRELHOKS D HRERR 2 K Z LI Ko THE L
LT ZEnD, MBEARBHEBK~EFZET HEICHAET
DIZEN Y, Wikl A ERD Z L1, hELRoTWnDH EHEX
bILD, ZOZ &b, —RITEOBFSER T, BHEICOOEIILAH
HELhoRJRO—2Thd EEZBND, T272L, —KRIED
WRSEAR B G CHRILICOOEIN S RAET 5O THIUE, &K
RHEED 1 A 7 v B OFFERIC OOEN S O 5 2 A B LD ERR
SNDHITTTH D, WoKEREWEEDbID 29 A 7 VB O
BBV T HBEICOUEINARE L TRV LLED Z LD,
SEIOWESETE, EAERE TH, —RILOHAM MBS
THEIZOOENNFELRNZ EIFHALNTH D,

Mz T, AEIOERTIE, HEICAMRRELLE G-, ¥

Journal of MMIJ Vol.127 (2011) No.6,7

o903, —RITHEITIRHENRE AR A, BEE LR
ILRTVWIEEWELTWD, THS Y OFERICENT, —
WL HIROK G BERFS N Z > T2 &35 &, BIBUKOK
RAZIEARHKOWADMIET D 5, L D ASHIK O B Nk
ICHERCTREWEAITIE, RBUKOMARNEL b, —F, TNE
IR DHENEE N~ T HEE DG AT, Ak Ot AR
W72 720, BBk EET, BEMENE ) S5 D
LEZOND, LEOZ LD, RFFROENGEIEE L, —&
JEOFREARBIGC X D FMEE A Z 0 55 < LWz nRetk
LEZ BN,

6. FAZEZ D RIERAZRER

6-1 HMEAKELERAE

FEBRIZ OB ELLE,  — T O B Rl i S8R O 7 RS & )
BRObLDOTHD, £z, BEOREE, SHEOWREONE T IE
PRI B DM E J7 1% b, —IROC DB ElR SEER & [RIfE T 5,
7272 L, WHERME RSOV T, —IRIT OB AR & 1%
Wb, UTICEOFMIOWTRERT 5,

1A 7 VB OEGERE, 2 TORER R~ AT ZAOMEEIC
T L ETHME S D01, Rt O KRR ER & FEETH
B, 1Y A 7 VHORMERE, B EEH DEARE L T3, @l
SR Fig. 16 O 5 FORE L YR T T ZAORELTRTET
L L, DFED, 1% A 7V H ORI TR, BHEIXZERI
VERR L e niRig & 72 D, 2 A 7V H OBGER AR, B
WILHAE TR 5 & REBGHEH S DIFET D2 L0, Zo5ER
X Fig. 16 D 5F L 8 FDIREL VOB &7eh, Zok )k
MECHHKZITY) 2 &I2XY, BEO EEIClfEHEEIc k- T
PHE AL, PHZE L7 RufUsaEik A 1 0 3,
ZHBITINAT, RERTIE, TR T OBELEESD AT
WX o TR L, BHEmARIZE > T, MEORTRED X HITE
fEL T D EBZE L, RE LIBEIE, Fig 150 3 ZFO M
e, ERRL1aTh D,

6-2 ERHERLER

AREBRTIL, SR E 2 A 7 W T ol BEGEEE 2 Yo
TN LT TWVRWIZHEDL LT, 3ARDHEON, 2 RIZE
WTC, OUENOREDNTHR TE 2, OISR S -
%, Fig 1502 &L 3FOBMELTH S,

Fig. 22 IZBURE @RI #% OB OB %2R T, BEN DL, OO
BB EOMEm SR E HAMA THRAELTEY, ToBH

263 (29)



AT K - RRIERMER] - OHEREGE] - LR IR - AL - (LT RIS

After 2 Cycles of Freeze-Thaw Experiment

Fig.22 Appearances of bricks before and after closed-type freeze-thaw experiment.
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freeze-thaw experiment.
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Fig.24 Temperature distribution of brick at the 2nd cycle in closed-type freeze-thaw experiment.
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Fig.25 Elastic wave velocities of bricks before and after closed-type
freeze-thaw experiment.
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