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Table 1 Mix proportions of concrete
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Fig.1 Shape and dimensions of the specimen (mm)
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Table 2 Steam curing conditions

Pre- Rate of | Maximum | Rate
Series|steaming] temperature| temperature|  of
period rise - period | cooling
(br) (‘Chr) | (CC) () | (C/n)
1 6 3.1
-3
2 12
4.0
3 4 -85
4 20 55| 4.9
S 35 5.5 3
6 12 4.9
7 5.8
Pre-  Temperature Maximum
~ | steaming ; rise ; temperature; Cooling
£ period ! period ! period | period
5
53
&
g
Q
[
Age (hr)
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Photo.1 Separation cracks between aggregate and paste

detected by X-ray with contrast medium
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Photo.2 Separation cracks between aggregateaast .
detected by SEM
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Photo.3 Mortar cracks detected by X-ray with contrast

medium

Photo.5 Vapor cracks detected by X-ray with contrast

medium
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Photo.4 Mortar cracks detected by SEM

Photo.6 Vapor cracks detected by SEM
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Fig.2 Microcracks on the surface of concrete (Presteaming
period : 0 hr, Rate of temperaturer rise : 12 °C /hr,

Rate of cooling : ~3 °C /hr, Series 7)
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Fig.3 Microcracks on the surface of concrete (Presteaming
period : 2 hr, Rate of temperaturer rise : 12 C fhr,
Rate of cooling : -3 °C /hr, Series 6)
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Fig4 Microcracks on the surface of concrete (Presteaming
period : 6 hr, Rate of temperaturer rise : 12 °C /hr,
Rate of cooling : -3 °C /hr, Series 1)

Table 3 Length, number and density of cracks for different
presteaming period (Rate of temperature rise :
12 °C /hr, Rate of cooling : -3 °C /hr)

Pre- | Cracks
steamin gl Number | Density Length Density
period |of cracks of cracks

(hr) (number/cm2)] (mm) | (mm/cm?2)
0 468 4.68 957 9.57
2 300 3.00 616 6.16
4 42 0.42 141 1.41
6 26 0.26 70 0.70
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Table 4 Ratios of crack types for different presteaming period
(Rate of temperature rise : 12 °C /hr, Rate of
cooling : -3 °C /hr)

Pre- Number of cracks Length of cracks
steaming| Separa-| Mortar | Vapor |Separa- | Mortar | Vapor
period tion tion
(hr) %) | (%) (%) | (%) (%) (%)
0 20 75 5 33 62 5
2 54 44 2 65 32 3
4 97 0 98 2 0
6 100 0 100 0 0
600
500 -
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2
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£
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Fig.5 Strain—age curves for different presteaming period

Age

EDHMOTENTH - 7c.
Fig.5i3, ZhoDMBONENORERRKE 3

Y U= bOOTADENSEET B i2DIC, 2V
7 U — PEREDS20mDMEIZHESIAAIZE—ILF

T—=VR&EBVTAOMERRERLIZHDTH 5.

Ko, FIEANRORR, 20/, 4Hfs
XUFEOBA T, FhEFh, HRAKMEOBERS
BAEHLISDTHS. ZORDSADBELIIIT
F— DR RRERKIZERE D (BB U3 A0NABIIH
KU, REEENRELC TOWBEFRAIENbDIEF
&, ZOUTAOMMERIEL, TOFEKROTAHE
bREABFEMBR S, FOBAMIZ, e
AR D0RFR OBAEH3T0 4 TH b, 2EMD S
AEH200 0, AFHOBEIHIA0 L, EROEHE
B0 TH 7. ZDLSIT, ITREREIE
DHDIFEVTHOMEMERLZ OBAMAVNE (7T
A0, KiEfLar 7Y — b OKRBENRTY —F 4
VR MOETIZE SR L, A MEL
FEORML > THREMREZRI 1D TH S EBD
N3, Fhbb, ary U~ bOBBIRERN, §iE
AR Z#E E & BI1Z, KROBIRERMI00x /CH

BB Y — FOBEIRENIO L/ CTITE

Photo.7 Freshly fractured surface of concrete by SEM
(Presteaming period : 0 hr, Rate of temperature rise :
12 °C /hr , Rate of cooling : -3 °C /hr, Series 7)

Photo.8 Freshly fractured surface of concrete by SEM
(Presteaming period : 6 hr, Rate of temperature rise :
12 °C /hr , Rate of cooling : -3 °C /hr, Series 1)
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Fig.8 Microcracks on the surface of concrete (Rate of
temperaturer rise : 12 °C /hr, Presteaming period : 4 hr,
Rate of cooling : -3 “C /hr, Series 2)
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Fig.9 Microcracks on the surface of concrete (Rate of
temperaturer rise : 20 °C /hr, Presteaming period : 4 hr,
Rate of cooling: -3 °C /hr, Seiies 4)
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Fig.10 Microcracks on the surface of concrete (Rate of
temperaturer rise : 35 °C /hr, Presteaming period :
4 hr, Rate of cooling : -3 °C /hr, Series 5)

Table 5 Length, number and density of cracks for different
Rate of temperature rise (Presteaming period : 4 hr,
Rate of cooling : -3 °C /hr)

Rate of Cracks
temp. Number Density Length Density
rise of cracks of cracks
(C/hr) (number/cm?)] (mm) | (mm/cm2)
12 42 0.42 141 1.41
20 172 172 303 3.03
35 192 192 377 3.7

Table 6 Ratios of crack types for different rate of temperature

rise (Presteaming period : 4 hr, Rate of cooling :

-3 °C /i)

Rate of Number of cracks Length of cracks

temp. |Separa-| Mortar | Vapor |Separa-| Mortar Vapor
rise tion tion

ccmy| @ | @ | ® ]| ® | ® | ®
12 97 3 0 98 2 .0
20 89 3 8 91 3 6
35 78 4 18 85 3 12
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Fig.11 Strain-age curves for different rate of temperature rise
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Photo.9 Freshly fractured surface of concrete by SEM (Rate
of temperature rise : 12 °C /hr, Presteaming period :
4 hr, Rate of cooling : -3 °C /hr, Series 2)

Photo.10 Freshly fractured surface of concrete by SEM
(Rate of temperature rise : 35 °C /hr, Presteaming
period : 4 hr, Rate of cooling : -3 °C /hr, Series 5)
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Fig.14 Microcracks on the surface of concrete (Rate of
cooling : -85 °C /hr, Rate of temperaturer rise : 12

°C /hr, Presteaming period : 4 hr, Series 3)

Table 7 Length, number and density of cracks for different
Rate of cooling (Presteaming period : 4 hr, Rate of

temperature rise : 12 °C /hr)

Rate of Cracks
cooling | Number Density Length Density
of cracks of cracks
(C/br) (number/cm2)] (mm) | (mm/cm2)
-3 42 042 141 141
-85 273 2.73 436 436
Table 8 Ratios of crack types for different rate of cooling
(Prestcaming period : 4 hr, Rate of temperature
rise : 12 °C /hr)
Rate of I Number of cracks Length of cracks
coo]ingﬁpara- Mortar | Vapor | Separa-| Mortar | Vapor
tion tion
(Chr) | (%) % | & | ® (%) | (B
-3 97 3 0 98 2 0
-85 89 11 0 92 8 0
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Photo.11 Freshly fractured surface of concrete by SEM (Rate
of cooling : -85 °C /hr, Presteaming period : 4 hr,
Rate of temperature rise : 12 °C /hr, Series 3)
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Table 9 Specification regulations for presteaming period

Specifications Regulations for presteaming period
JSCE 2~3 hr
Rate of temperature rise of 20°C/hr
JASS 10 3~7hr
ACI Presteaming temperature of 16 ~38°C
Committee 517 2 hr minimum
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Table 10 Specification regulations for rate of temperature rise

Specifications | Regulations for rate of temperature rise
JSCE 20°C/hr or less
JASS 10 10~20°C/hr
ACI
Committee 517 22~33°C/hr

Table 11 Specification regulations for rate of cooling

Specifications Regulations for rate of cooling
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PROPERTIES OF MICROCRACKS FORMED ON SURFACE OF CONCRETE

AT STEAM CURING PERIOD

Koji OTSUKA, Masami SHOYA, Ken-ichi KOSEKI and Minoru ABA

The purpose of this investigation.was to study the condition and mechanism of microcrack formation
on the surface of concrete at steam curing period. A new X-ray technique using a cntrast medium was
development for this study. Influences of steam curing conditions on the formation of microcracks were
studied through experiments with reinforced concrete specimens. As a result, successful detection of three
different types of microcracks was possible. Influences of various factors on the formation of microcracks
were also studied and the results were compared with the specification regulations of JSCE, JASS, ACI from

the viewpoint of cracks prevention.
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