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Abstract In this study, the degree of deterioration of concrete was investigated in the laboratory under conditions
of carbonation and freeze-thaw cycling, which are the major causes of the deterioration of its performance. In this
test, the carbonated concrete was subjected to combined freeze-thaw deterioration tests for up to 300 cycles, and its
dynamic elastic modulus and compressive strength were measured. The evaluation of the effect of the water-binder
ratio on normal concrete subjected to combined carbonization and freezing-thawing showed that its resistibility against
such combined deterioration decreased more rapidly in the concrete with a water-binder ratio of 55 % compared with
that having a water-binder ratio of 35 %. In the case where the concrete was blended with a mineral admixture
consisting of fly ash and blast furnace slag at the same water-binder ratio, it showed an increase of its resistibility
against combined deterioration.
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Table 1. Chemical composition of cement and mineral
admixtures(%)

Types | S0y | ALOs | Fe,03 | CaO | MgO | SO ]()g c/':fg
opc | 217 | 57 | 32 | e | 28 | 22 | 3.4
FA | 564 | 234 | 79 | 31 | 15 29
BS | 342 | 170 | 031 | 412 | 48 | 22 | 29
S| o2 | 13 | 08 | 07 | 03 22
(2) =x4

AEAS)E He ATAL WA ABAE Tl
AHEEFA O, F BAG)E HE 3
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s} 2t} w, ZaTES] H4d H%
mm) 2 F73H4.5+1.0 %) FRE
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Table 2. Physical properties of aggregates

Types Gmax (mm) | Absorption (%) | Density (g/em’)
Sand 0.98 2.60
Gravel 25 0.85 2.67
2.2 HHE
FAES =& HE B - /57 wE
B7he et BEAESGANRE AHESHA B2 e
SHOPC £32|E)Z} OPCl FA, BS ¥ SF& FAE 20
%, BSE 40 % 2 SF= 5 %= A3 EIANEA 2
AYEE Axsto] APS Fsplon, 7 ZagES
H|E-5AS UERA Ao] Table 30|th. a2 E2] W/B

o] EA EXE 9ste] WBE HEIEUN=AIFE]
il ATt 35 %, 45 %, 55 %S EAE 1, EFAWE
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Table 3. Mix proportions of concrete
s Guax | Slump coi:;m WB| Sa Unit mass (kg/m') Sp’ AE”
VP (mm) | (mm) %) (%) (%) w c S G FA BS SF (2 (2
OPC35 35 187 534 654 906 0.7 1.0
OPC45
(OPC) 45 187 416 695 985 0.5 1.0
OPC55 25 li(s)i 115 55 42 187 340 721 1036 - 0.4 0.8
FA20 187 333 692 982 83 0.5 1.3
BS40 45 187 250 690 979 166 - 0.5 1.0
SF5 187 395 691 980 21 0.6 1.2
#. * SP @ wt. of binder (%) / ** AEA : wt. of SP (%)
AME ZIYEE WB 2 SaZ 74745 % L 42 %2 oj7)A,
aAsATE 1A i’—ﬂfﬂz% Az 1Y 5 E3ys}o] E;, = ¢ #ol2oA ZFilE AT (%)
(20+2) °C %= OM 7zt 5 st n, = ¢ Aol2olA e FHZEF (Hz)
n = %71 81 (Hz)
2.3 AglahH
231 ¢Y=Us 2,3.3 EhitEtE 232|Eo| SASEH Al™
$100x200mm?] AFF TAAE A2 19 F &3 FAYEE A3t THE viE o)ibstekie] A
st 139 B9t XEGAE AAT F SAEAEDE e 49 ueste] walsle] da st g A 9
FAstlomn], 100 Aol 2Vttt KS F 240591 3kl oy AL sp4eta, oo e Babdel g3 el
PSAEE SAsAT A F v Zgel AT T 2y} zheste] Zag e Batxel 9yl AAHE A
AES] 4EFHTH = 2 (H)F 2ol AXtsith o= g
2 AT E olgfdt sAHoR WAsE Esld
_ C, olsl P EL HIAIE JolH 7] 95 %ﬂ.‘%
@EZEH] (%) = —-x 100 o el SEAsS dopir] fstel daish
Co WA 45 Sk AP F - 18 T~+4 o] TAE %
o714, £ 300 HMo]ZS Mste WAoR Eidst ANES
Gy TAFNE T2 FAYES] YFAE (MPa) A&t keSS 918k 272 Table 491 22
C, : &Y Ao FA3 ZATES F5AE (MPa) A4S AT TASANE 2L wEAY =4
I FdsHA Regstelct
2.3.2 SASHMAE
A AP H7F A2 ASTM C 66629 BUH
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Fig. 1. Combined Deterioration test
(Carbonation and Freeze-thaw)
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Table 4. Carbonation test environment

Density(%, vol) Temperature(C) Humidity(%)
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