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Analysis on Changes in Strength, Chloride Diffusion, and Passed
Charges in Normal Concrete Considering Ages and Mix
Proportions
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Concrete behavior in early-age is changing due to hydration reaction with time, and a resistance to chloride attack and strength
development are different characterized. In the present work, changing strength and resistance to chloride attack are evaluated with
ages from 28 days to 6 months. For the purpose, strength, diffusion coefficient, and passed charge are evaluated for normal concrete
with 3 different mix proportions considering 28-day and 6-month curing conditions. With increasing concrete age, the changing ratio
of strength falls on the level of 135.3~138.3%, while diffusion coefficient and passed charge shows 41.8%~51.1% and 53.6%~70.0%,
respectively. The results of chloride diffusion coefficient and passed charge show relatively similar changing ratios since they are much
dependent on the chloride migration velocity in electrical field. The changing ratios in chloride behaviors are evaluated to be much
larger than those in compressive strength since the ion transport mechanism is proportional to not porosity but square of porosity.
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1.M E AAO] AAE SOt F3tE FYUS MY 4 U20(Song
et al, 2006), +2t22| &7h= AREeEd 22 5715 Sott

Z32|E= ZAE0|0 7 S, theidol g E MR FUl= AREeE 0129 22 MUAIZ 4 UACHIshida e
FO|X|2E Falof] &= 2Z32|E XS0 = 2= =20 al, 2007). 12521 0|22HGGBFS: Ground Granulated Blast
HAI0| t‘Eg%UI 2|Ch BAI0| 2Mst Z232|E= X=7(|0| HEHO Furnace Slag), Z2t0|0HA|(FA: Fly Ash), A2t7t Z(SF: Silica
M =0| LS FRMoz #Ho| Ll 232|E T=S7 Fume)i} &2 2ailize MY SAMS2M 2tERo Fofg 20|
9| Hi2k(delamination)0| LHSIHH, 2EXC== MEY H LT 1 F7IHel ol Metd o iR Relst HAxi=0|C,
Ao| x{5t2 0|0{ZICHBroomfield 1997; Maekawa et al. 2003). GGBFSZ AIRSH Z32|ES AL ZA HISS E510F ZZ0|
MHEE XEH21 +2lBtEE &6l0 2i20] ddxa My RYst =0, Hatg nFat 37 LlsttiJeong et al, 2015
2 25122 Qlsff 220| ZAZCHMetha and Monteiro 1993; Erdem and Kirca 2008), &7|4= Mste| 2X7t 0| B0 |1
Song et al, 2006). O|E1§ 10| ZtAQL £51F0| Z7= QE R QloLt H42F0| ==l HVSC(High Volume Slag Concrete)
2 fYt= gat=E0l tistd 2Rz Mate 4 = 712 oMz XAsut2 Qs ZE=Xfobt HF 0| Hikl= Aoz En
BHo{7| X7} ElCh HslE 0|59 A= 2280 A= 5 T 71 QICHJeong et al, 2015; Escalante et al, 2001), FAS At=ct
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ZIRENME ZV|HCR HslE 1™ZF0| OPC(Ordinary
Portland Cement)0fl H|GH0] fZh = %OIIIE'J, T HEe
2 Qlsh, H2 FalE eIl ME =
11 UCHAI-Amoudi et al, 2009; Polder et al, 2007; Malvar and
Lenke 2006), EESH SFE AT 2AZ|E0ME =7| YEo| i
eI E=) 2 UZslds L
t al, 2009; Song et al, 2007),
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2.1 232|E Hiigt

ZAC|E ZEM2= OPCE ASsIXCH, 5ot EM2 Table
101 LIEFLARACH AIEE X E41 232|E tiigfHe Table 224
Table 30| MA|=IQACH 2 £3T= 150+10mmeE, 7|
40+1.0%2 AMEIHCH, w/bE 037, 0.42 L 0,472 HSIAA
374 Higtel 232|EE MASHCE

2.2 "3512 &XIAg(Tang’s Method)

MRAxtof 2l ZX HA0l2 2bA~E HIt6E7| fI6t0]
AAES Mottt S3M(Cell ) A2 0.5M2| HSHIEE
(NaC)BUHS MEDIOH, =M (Cellll) M2 o} pikstz
&(sat. Ca(OHL) NS MESIRCE L5t ZXIsE b=
2t THE 2 B0l Chotod 37H2] AlHE MIERSIACH 1 BriE
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Table 1. Properties of OPC and GGBFS

Chemical composition(%) Physical properties

Items
Specific .
Si0; |ALOs[Fe;05| CaO [MgO | SO; llg' gravity Blaﬁ;‘e
Type 0SS (g/em’) (ecm7/g)

OPC (21.96] 5.27 | 3.44 |63.412.13|1.96|0.79| 3.16 3,214

Table 2. Physical properties of aggregate

Items| Gmax | Specific gravity | Absorption M
Types (mm) (g/em’) (%) o
Fine aggregate - 2.58 1.01 2.90
Coarse 25 2.64 0.82 6.87
aggregate
Table 3. Mix proportions for concrete
System r‘:t/i]?) W ¢ z;r;e C;)g;e S-P
3 3 i i 0,
v | k) |ty | R ey | 9
0.37 168 454 767 952 9.08
OPC
100% 0.42 168 400 787 976 8
0.47 168 357 838 960 7.14
A2 EFoINCH, 5= = BHMRH 2Moz Hsl= X|
Hrle] 2012 HA0/20| FEU0|2 SHEICE Helxt 7
Alglgof Qleh HIEY defel Fa0lz 2iA»= Tang's
method OISO, HA0I ASZ0|ZLE ZTIEA4
(D)8 EESIAUCEL AL (1) & A Q)= BT =542

_ RTL v,—aVd
rat T LFEU

20,
- RTL erf 11—

] @

0

z

071X D, = BIEAMEIOY 73 ARt £21 H40/2 S
A4(m?/sec), R 7|HA4(8.314)/mol - K), T= HH2=(K),
LE ANHEM(m), 2= O|2FXPH=1.0), F= Faraday A4

(96,500J/V - mol), U= ®RIRKV), z,= HIAMH0| St ZIEZ0]
(m), = FIXF HBARHsec), Cyi= A0 olft BresE

(mol/l), Gz =22 FA0[25=(mol/)E LIEHHTY,
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2.3 ™SIEAIE(ASTM C 1202 & KS F 2711)

ASTM C 1202 2 KS F 2711 BiHo| mhat XI2 100mm, 7
50mmo| A|BS Aoz Maizt EpAES AssI9iT 282
2 BIHY 4F YA 7|7t 0]S, 100mmx200mme) AT A[HS

FEI5I0] =7 50mmo| ClAT AJEHS MESI%CH 3%9] NaCl
2-EoH1t 0.3M NaOH $EA2 7171 Mol 60ve] T2fg 2176t
308 7HHC = BAIZIIK| St TRHZ oI 3)0fl A

AAAES LIEHLH D Ql=0|, 60ve] HRf7(7t 0] =i
o & e gatE EF XNYe xE=
(ASTM C 1202, 2010; KS F 2711, 2012),
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Table 4. Conditions for porosity evaluation(MIP)

Contacting angle 130°
Mercury surface tension 485dyne/cm
Maximum head pressure 4.45psi

Stem volume 0.392ml

Bulb volume Sce
Penetrometer constant 10.79/pF
High pressure measurement 33,000psi

(d) Diffusion coefficient
evaluation

(c) MIP test

Fig. 1. Photos for the tests in the study
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0!

7t

3.1 ZHE R w/b Hlof IE LiFEs H 2= HIt

3.1.1 Z=E ¥ 38| Wal
= G0 A0 25U o718 Sl 07 iaaeo“

ATl MR ATUHS LEHRIT, S wbet X
g9l S7fof met S7I6IARCE w/e 0.372] HS 45 8MPao] M
62 2MPazZ S7I6tR M, w/c 0,420{Al= 42 3MPati|A 58 5MPa
2, w/c 0,470 M= 32.9MPaOf| A 44 5MPa2 2t2t S7I5IACT
U SIIES 135.2~138.3%2 0| 2 2 X{0|= E0|X|
EUCH S=549 &= 67H°J01| alidsh= Xt 7t OFE] Yk

X| 220kM 282 HZoll slidch=s 22t 2SI Fig, 301A
Y & UX0| w/bel B7H0l| 2t S=E0| 2| LMsIA=d,

= T AIEZS] B710] TE #31=22] B719} 0|2 215t 3
2729 JhAM0| == E10|CHMetha and Monteiro 1993; Park
et al. 2009),
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Fig. 2. Compressive strength evaluation(28-days and 6-months)
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Fig. 3. PSD and Porosity in OPC concrete with different w/c
ratios
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Fig. 4. Accelerated diffusion coefficient with different w/b ratios
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Fig. 5. Passed charges with different w/c ratios
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Fig. 6. Diffusion coefficient from passed charges
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