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the Concrete According to the Thickness of Members
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Abstract

Recently, there are many structures exposed to severe outdoor environments, which results in rapid degradation of durability
of the concrete structures. there can be rapid deterioration of the concrete structures from early frost damage due to the
msufficient curing in low outdoor temperature condition. The objective of this study is to investigate the effect of thickness
change conditions and binding material on early frost damage depth of the concrete exposed to cold weather in winter, and is
to clearly assess damage depth of the concrete structure due to early frost damage. Specimens with 300x300x(150, 200, 250,
300mm) were prepared. OPC and OPC+FA+BS were adopted for binders. Test results indicate that the depth of the early frost
damage was deeper with the decrease of thickness of members. The brightness of specimens were reduced when the member
thickness was thinner. When determining the depth of early frost damage, it can be distinguished into dark color and relatively
bright color when dried for approximately 30 minutes in the indoors of 20 C in temperature and 60% in relative humidity after
submerging in water for 24 hours. The dark colored part can be determined easily when measured with vernier calipers.
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Table 3. Physical properties of cement

) ) N . Compressive
Density Blaine Setting time (min.) strength (MPa)
(gferr®) (cm?g) — :

Initial Final 3D 7D 28D
3.15 3390 230 345 24.8 39.3 56.9

Table 4. Physical and chemical properties of FA

Blaine
(ePfg)

3520

Density
(glem?)

hygroscopic

LOTOR  oisture (94)

SiOz (%)

221 460 0.13 67.2

Table 5. Physical and chemical properties of BS

Chemical composition(%)

250 @ 300mme) =7/ W3] djste] 2xo|dy}t 2= Density Blaine L.O.
. N = (glem?) (emg) (%)
sl Zlojot TeIgh o FAIHS M & AR AR Ca0 SO MgO SO
Zo 1 s =235l 7102 ASAE skt 287 4520 150 423 64.2 6.40 1.69
Table 1. Experimental plan Table 6. Physical properties of aggregate
Factors Levels = -
W/B (%) T -850 Tyoe Density EM Absorption |n8308pni;slng Particle
Slump (mm) 1 - 180%25 yp (glem?) " on rate(%) siéve("/) shape(%)
Vi Air contents (%) 1 - 45%15 ’
e + OPC=100 coarse 268 671 1.10 051 57.3
ture Binder (%) 2 . OPGFABS-651520 aggregate
Curing temperature 1 - External temperature fine
2. 2.92 . . .
Slab thickness (mm) 4 - 150, 200, 250, 300 aggregate & ; 0.90 0.30 %9
Fresh cncrete p - Slump
- Air contents
Tests - Compressive strength Low speed Mid speed High speed
- Temperature history 20 rpm 30 rpom 40 rpm
Hardened concrete 4 '
- Progress picture
- Brightness measurement Cement
+ Dry mixed
Table 2. Mixture proportions of concrete Aggregate | conirete = | conoee | | pischarge
Weight + Water
Type \gv//c); (kg\;\r/ng) (Sf; AE/C (kg/m®) Admixture
° ° C FA BS S G
OPC=100 50 180 49 0015 360 - - 872 8R 30 sec 60 sec 90 sec
OPC:FABS=
1 4 02 2 72 1 . .. .
65:15:20 50 & 9 00 o 861 848 Figure 1. Mixing protocol for concrete mixture
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Table 7. Experimental method

ltem Standard

Slump test KS F 2402

Air content test KS F 2421
Specimen figuration KS F 2403
Compressive strength test KS F 2405
Core sampling test KS F 2422

50 300 50

00€

00€

@ Thermocouple Embedded Location @ Thermocouple Embedded Location

(_l Core sampling location (‘l Core sampling location

1) Plan 2) Section

Figure 2. Specimen set-ups
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Table 8. Fundamental characteristics of concrete

Sium Air Compressive
Type (r;Jm;) contents Strength (MPa)
(%) 3days 7days 28days
OPC=100 180 4.0 13.9 214 22.3
OPC:FA:BS=
61620 190 35 22 189 285
3.2 Zdst 230 EQ EAM

3.2.1 £E0|9
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Temperature (°C) Temperature (°C)
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I temperature

Age (h)

Thickness = 200mm 50 mm

100 mm
150 mm

External
temperature

15 |

Age (h)

Thickness = 250mm 50 mm

100 mm
150 mm
200 mm

External
temperature

10 20 30 40 50 60 70

Age (h)

Thickness = 300mm

m
External
temperature

10 20 30 40 50 60 70

Age (h)

Figure 3. Temperature history with age (OPC 100%)
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Table 9. Variations of colors of core specimen between damage part and sound part

Age

0 min 10 min 20 min 30 min

Type

40 min

50 min 60 min 70 min 80 min 90 min 100 min

OPC 100
(150mm)

OPC:FA:BS=
65:15:20
(150mm)

OPC 100
(200mm)

OPC:FA:BS=
65:15:20
(200mm)

OPC 100
(250mm)

OPC:FA:BS=
65:15:20
(250mm)

OPC 100
(300mm)

OPC:FA:BS=
65:15:20
(300mm)
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Figure 5. Brightness with elapsed time (OPC 100 %)
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Figure 7. Depth of early frost damage with thickness
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