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Modeling on Compressive Strength in High Performance Concrete Using Porosity
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Abstract

Compressive strength in concrete increases with time. Regression analysis with time is conventionally performed for
strength evaluation and prediction. In this study, hydrate amount is assumed as a function of hydration rate and porosity,
and modeling on compressive strength is carried out considering decreasing porosity with time, which does not need the
regression analysis with time. For twenty one mix proportions of HPC (High Performance Concrete), DUCOM (FE
program) which can simulate the behavior in early aged concrete is utilized, and porosity from each mix proportions is
obtained with time. For HPC with OPC (Ordinary Portland Cement) concrete, modeling on compressive strength is
performed considering hydration rate, unit content of cement, and porosity with time. For HPC with mineral admixtures, a

long—term parameter which can handle

long—term strength development is additionally considered. From the comparison

with the previous test results, the applicability of the proposed model is verified.
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Table 1 Properties of cement and mineral admixtures

Ttems Chemical composition (%) Physical properties
Types SiO; AlO3 Fez03 Ca0 MgO SOs Ig. loss | Specific gravity (g/cm”) Blaine (cm®/g)
OPC 21.96 5.27 3.44 63.41 2.13 1.96 0.79 3.16 3,214
GGBFS 32.74 13.23 0.41 44.14 5.62 1.84 0.2 2.89 4,340
FA 55.66 27.76 7.04 2.70 1.14 0.49 4.3 2.19 3,621
SF 93.3 0.5 1.21 0.27 1.03 0.02 1.1 2.21 190.620
Table 2 Physical properties of aggregate
Types ltems Ginax (mm) Specific gravity (g/cm®) Absorption (%) FM.
Fine aggregate - 2.58 1.01 2.90
Coarse aggregate 25 2.64 0.82 6.87
Table 3 Mix proportions for High Performance Concrete
Ttems o ' Unit w'?ight (kg/m®) bindérx%
A @) W Binder Materials N G Admixture
Names of Mix. C GGBS FA SF sp AE
OPC100—-37 37 168 454 - - - 767 952 1.0 0.017
OPC100—42 42 168 400 - - - 787 976 0.9 0.015
OPC100—-47 47 168 357 - - - 838 960 0.85 0.017
G30N70—-37 37 168 318 136 - - 762 946 0.8 0.018
G30N70—42 42 168 280 120 - - 783 972 0.75 0.013
G30N70—-47 47 168 250 107 - - 835 956 0.65 0.015
G50N50—-37 37 168 227 227 - - 760 943 0.75 0.017
G50N50—42 42 168 200 200 - - 780 969 0.7 0.0135
G50N50—47 47 168 178 179 - - 832 853 0.6 0.015
F10N90—-37 37 168 409 - 45 - 760 943 0.75 0.018
F10N90—42 42 168 360 - 40 - 780 969 0.9 0.021
F10N90—47 47 168 321 - 36 - 832 952 0.75 0.017
F20N80—37 37 168 363 - 91 - 752 934 0.75 0.018
F20N80—42 42 168 320 - 80 - 774 961 0.85 0.025
F20N80—47 47 168 286 - 71 - 826 946 0.7 0.017
F30N70-37 37 168 318 - 136 - 745 952 0.75 0.2
F30N70—42 42 168 280 - 120 - 768 953 0.75 0.015
F30N70—47 47 168 250 - 107 - 820 939 0.65 0.019
G35F15—-37 37 168 227 159 68 - 751 932 0.65 0.014
G35F15—42 42 168 200 140 60 - 773 959 0.65 0.014
G35F15—47 47 168 178 125 54 - 804 921 0.7 0.014
w/b 1 water to binder ratio S sand G @ gravel

SP: super—plasticizer AE: air entrainer

126 =27 A163 M6=(2012. 11)



Portland Cement) 7} AR O, &35 24 GGBBES
4 FA 50] AREEQILE & =FoMe] uis 2a8E
= AlEAS $I8t 15em ode] =2 &322 9} 40MPa
oo AT ZAHEES ondh}

Table 1of|4&= ARIE 2 Z3pA50] slelide 9 &
224 548, Table 2004 ZA19] B2]4] 44 Yel
Wl Qlth Table 3ol A4S ZAHES wigEs
LFERA =), —Q—Fﬂz 15+1.5cm, 371% 4.5+1.0%%
2xg giglon, E-AANE 37%, 42% L 4ThE
W37 1A ZABEES ARSI

Table 3914 OPC100—372 OPC 100% ZAER
37%°] E-AFAME JERAI Ltk G30N70-37¢]
A G302 GGBFS 30% (F%1)) &, N70<2 OPC70% (&
g &, 372 & AAN (%) & YERATh F10N90-37
PME F102 FA 10% (F21)E HehdH, G35F15
= GGBFS 85 35%, FA 85 15%= Jehdich

3 232|E YEYE 2YY
3.1 SFEL =LA 2

ru

LAYE YRS F5E2 Aws WAt ddo] gle
o B FdoA olgdt dAE thEa itk(Neville,
1996; Park et al., 2009). % Eoﬂ st AHAI}E Table
4o YRR H, Fig. 3014

T
=
=
T
o
1
&
&
o,

ﬂﬂE«] %7& = AP F7tel wet Tk
AFZ Ardd=Ads vepdslon, GGBRS 9 FA
5 ARETE A7 R ISl e el
A tRRolRRo], GGBRSE AAG2A WH-& B3t
CSH7} F7H o2 AR R A7 ddo] 9-r3liA
3 FAx ¥E=F WS-8 F35ke] Ca(OH)»7F CSHE #|3k
Hu g A7VE7F $<rslxlth(Sam Sung Construction,
2003; Song et al., 2005). F=852 AlZEe] 2] o}
2t gHaas o] A=, %H**@ﬂr E31A = (GGBFS, FA)%—
ARGEE ZABES] A o ES] ke A ¥

Bo] O HAAaH &S & < Sk

Table 4 Compressive strength with different ages in HPC

ages Compressive strength (MPa)
Mixture 7 28 91 180
OPC100—-37 43.5 49 55.4 60
OPC100—42 37.8 44.3 50.1 55.2
OPC100—47 29.2 38.5 43.6 45.8
G30N70-37 40.4 47 58.3 62.4
G30N70—42 31.8 40.5 53 56.4
G30N70—-47 28.1 37 48.7 49.8
G50N50—-37 40.9 47.3 60.8 64.8
G50N50—42 31.1 42.6 54 58.1
G50N50—47 24 38.2 43.1 47.2
F10N90—-37 38.2 44.2 53.1 62.5
F10N90—-42 32.2 38 47.8 54.3
F10N90—-47 26.4 34.3 41.9 48.2
F20N80—-37 37.1 42.5 56.2 65.4
F20N80—42 30.5 37.3 46.8 54.4
F20N80—47 24.3 32.3 40.1 46.8
F30N70-37 30.4 38.2 55.6 63.2
F30N70—-42 26 33 46.7 52
F30N70—-47 22.1 28.5 40 45.1
G35F15—-37 35.2 48.1 59.8 66.1
G35F15—42 28.5 41 55.7 61.5
G35F15—-47 22.5 36 50.7 57.6
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