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A Study on Strength Development Constant of Concrete for
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ABSTRACT The recent worldwide trend in construction industry tends to put emphasis on the performance based design which
focuses on the suggestion of the performance of final products rather than method and procedures. A proper model should be
employed when predicting the concrete strength, which reflects the material age, in order to verify the function of concrete structures
and their materials. Accordingly, this paper proposes the concrete strength development constant (c,,) reflecting the characteristics

of domestic materials and then evaluates its suitability.
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Table 1 Compressive strength models of domestic and
foreign codes

Type Models of compressive strength (MPa)

(f' )t f

“argi s

a: 4.0 3:0.85 (Type—1, wet curing)
ACI Tip
209R |a: 2.3 $:0.92 (Zype—3, wet curing)

a: 1.0 3:0.95 (Zhpe—1, steam curing)

a: 0.7 3:0.98 (Type—3, steam curing)

f‘(‘ﬂ’l (t) = ﬁr((t )fCTII

EC 2 |3,.(t)= eXp{s[l— (?)1/21}

S=a coefficient which depends on the type of cement
= 0.20(Class R), 0.25(Class N), 0.38(Class S)

ffll (t) :ﬂ(‘(i(t)f(l‘ll,

5.0 =exofs, 11— (2]

KCI B,.: a coefficient which depends on the type of cement
and curing conditions

= 0.35(type — 1, wet curing), 0.15(type— 1, steam curing)
= 0.25(type — 3, wet curing), 0.12(type—3, steam curing),

0.40 (type —2)
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Fig. 1 Proposed process of strength development model
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Table 2 Chemical compositions and physical properties of OPC and mineral admixtures

Item| CaO SiO, ALOs MgO Fe,0; SO3 Insol. LOI Blaine Density
Type (%) (%) (%) (%) (%) (%) (%) (%) (em’/g) | (glem’)
OPC 61.4 21.6 6.0 34 3.1 25 0.2 1.12 3,540 3.15
GGBF 42.1 333 153 5.7 0.4 2.0 - 0.02 4,160 2.90
FA 6.5 582 26.2 1.1 74 0.3 - 3.20 3,550 2.18
on, FEIAlE HAAT 20mm Q1 A3 FeEA Table 3 Mixing proportions
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Fig. 2 The distribution of 3.(3) and g,. in all strength
level

(a) OPC

(b) FA 15

(c) FA 30
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(d) GGBF 25

(e) GGBF 50

(f) OPC+FA+GGBF
Fig. 3 The distribution of 3.3) and G,. with mineral

admixture
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Table 4 Development ratio of strength of concrete at 3 days

B.(3) (%)

s OPC |FAI15|FA30 G(Z}?F G(S}(]?F 40 50
FA20 | FA15

24 MPa | 60 63 54 48 36

30 MPa | 65 65 60 57 40

Normal
strength | 63 64 57 53 38
aver.

40MPa | 77 | 73 64 69 43 45 45

60MPa | 77 | 66 | 60 67 55 44 45

High
strength | 77 | 70 | 62 68 49 45 45
aver.

Total
aver.

70 | 67 60 61 44 45 45
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Table 5 Development Ratio of strength of concrete at 2 stk g4 8] 28Yef st =t H] & rapid, medium
p g p

and 3 day 2 slow sl tiske] 242 0.6 ©1%, 0.6 W|¥E~0.4 ©]
Development ratio of strength with age (%) A E 04 vt w F7RAZIT sk S B, E KCI
24MPa | 30MPa | 40MPa | 60MPa Z1EA AR 39l di# 5, % STt Add =
P =TS T3 T2 13 12 3 AelE Ardd 5590 o, @l B2} 39 Class R,
days | days | days | days | days | days | days | days Class N Bl Class Sell ti3kel 242} 0.25, 034 B 045%
OPC | 49 | 60 | 60 | 65 | 66 | 79 | 75 | 77 gkt

FAL5 | 49 | 63 | 55 | 65 | 58 | 73 | 60 | 66 HL;}ES»;;FE;?}ALH j:ﬁi 33]31 ;;infi
FA30 | 43 | 54 | 45 | 60 | 50 | 64 | 46 | 60 ;ﬁ;;qﬂg . e 1;.;§¢/\]u¢15 ol *Z}Lq;
GOBF25| 38 | 48 146 |57 192 |69 L9 16T sogus Aee 2o 490w A e &

GGBF50| 27 | 36 | 33 | 40 | 33 | 43 | 43 | 55 el dee] Aos Ao e
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A2 | _ 30 | 42 | 34 | 44 o2 mosle Hewa A4S
GGBFS0 26 | 39 | 32 | 45 ST -
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TooE110.8|13.6 | 154 | 18.4 | 181|235 | 28.7 | 344 o G .2 AZH) ekl 71E e, Az
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Fig. 4 The proposed process of «,. value through development ratio of strength of concrete at 3 days
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Table 6 Compressive strength data collected in-situ

Strength Season The number of
(MPa) data
Spring, Autumn : 243 EA
24 Summer : 174 EA
Winter : 136 EA
Spring, Autumn : 50 EA 668
30 Summer : 33 EA
Winter : 32 EA
(a) KCI 2007
(b) EC2

(c) Proposed oy, value

Fig. 5 Verification of prediction model of strength development
in f.. =24 MPa

(a) KCI 2007

(b) EC2

(c) Proposed o, value

Fig. 6 Verification of prediction model of strength development
in f =30 MPa
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