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A Study on Chloride Diffusion in Concrete Containing Lightweight
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ABSTRACT The purpose of this study is to provide preliminary data on chloride diffusion of lightweight aggregate concrete
containing crushed stone-powder. Accordingly, the study performed experiments using concrete aggregates of Crushed Aggregate
(CG), Single-sized Lightweight Aggregate (SLG), Continuous Graded Lightweight Aggregate (CLG), and using water-binder ratio
of 0.4, 0.5, 0.6, and using binder of FA and BFS. The chloride diffusion coefficient is calculated according to the NT BUILD 492.
Diffusion coefficient of SLG and CLG were higher than that of CG concrete, but the difference was not significant. Also, chloride
diffusion coefficient data indicated that it was highly affected by water-binder ratio, and it decreased with the decrease in water-
binder ratio. The admixture substitution of FA15% was effective in decreasing the diffusion coefficient only with water-binder ratio
of 0.4 while admixture substitution of FA10+BFS20% was effective with all levels of water-binder ratio. The result of study shows
lightweight aggregate concrete containing crushed stone-powder has slightly higher chloride diffusion coefficient than CG concrete,
but the difference is not significant such that it can be overcome by adjusting water-binder ratio and admixture substitution. In addi-
tion, the data indicate the chloride diffusion coefficient of lightweight aggregate concrete can be estimated from the strength of

lightweight aggregate.
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Table 1 Chemical composition of stone-powder

(unit: %)

SiO, Al,O4 Fe,O MnO MgO CaO Na,O K,0 Ti,O P,04 L.OI etc.
63.5 16.0 54 0.1 2.1 4.8 3.6 2.7 0.6 0.2 0.7 0.4
3 EE SnA S3 23 T 9x3 Ay elo|AE A Table 2 Experimental factor
FAE A T AZZANA 105°C 2447 o] Ax & Experimental factor Level Unit
&/t HAE 28 AFAE Az W/B 04, 0.5, 0.6 3
A #H7E el g3 HAVER FEEY e Crushed stone aggregate (CG)
o] slet2Ad-S Table 13 2tk #AES OF 55~65%
9] Si0,, 10~20%2] ALO;Z 3¥Hfrata th ol#3k & Type of Single-sized lightweight aggregate
& AMEA A8 CaOt TEHAEWE sto] EME coarse aggregate (SLG) 3
Shole A4S AYNA Sapigel b 2 A, Continuous graded
lightweight aggregate (CLG)
3. gst= &t Binder FA 15
substitution ratio (% FA 10+BFS 20 2
HIFAZYENA QG4 o] =2 &g dHlolA FA : fly ash
Ao HEg] yue uy]dle] FZo] F2lE7] 4 BFS : blast furnace slag
BHE REE 2AE 7L o olHd wAle
|4 H-9a FEE] AN T, AT Yt &9l k»g_— 175 kg/mi AL Table

421 ZS

AT Z AHEE OPC, FA, BFSS] 31824 Table 3
3} 2tk OPCE ®lF 3.15, 2% 3,400 cm’/gdl =)

HARS] HEEEdHEA
B 3362cm’/g, BFSE HIF 290,
b AR-ahal

422 3T

o},

2o

JHES ARSI oM, FAE BIF 221,
4,463 cm’/g8l

A2AE QAL AL, Fe AL A7) RN 5
of ATE RETAt A FHIN WEHOR A FITACGS AR B TN G Yz =
HE P24 4FTAE MarlFos Sl ARE 93 AFTAGLO) B Ui FFN A% Yo vx
HAES 483 A=A SA2ES dstE it HE AFZA(CLG)E AH&ater &4 Ade Table

o 2ATAY, A B2 S5 AeEe] IFS v 49 2t}

Table 3 Chemical composition of binders (unit: %)
Binder SiO, Fe,O3 CaO MgO SO; Al,O3 TiO, etc. Ig.loss
OPC 21.95 2.81 60.12 3.32 2.11 6.59 - 3.1 1.85
BFS 33.40 0.39 42.70 6.30 0.30 14.01 - 29 0.50

FA 53.60 9.40 4.70 2.60 1.80 20.00 42 3.8 3.4

Table 4 Physical properties of aggregates

Type Fineness Surface dried Unit volume Solid Water Aggregate
Aggregates modules density (g/em’) weight (kg/m’) volume (%) absorption (%) crushing (%)
Fine aggregate 2.68 2.56 - - 1.47 -
CG 6.67 2.63 1,490 60 0.72 184
SLG 6.98 1.59 806 54 420 20.9
CLG 6.46 1.77 945 57 5.99 358
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4.2.3 20K 2 NEA = 9o 7o) AF F KS F 2462 F%Z&
22 % FAYES 87 H4THEE 5t it g TAYES G HA ]'G‘HPWM] w} 16~27°C &
ZEFHEAA s rA, AEzil% AHg-3t ATt st Al o] FHolu F7 glo] 6Yz A 0}1 24
A7ZF 5PN T 25 23+£1.0°C, FHEE 50+5%
4.3 HiEF ! AIEA M= oA 2147F YAkt
4.3.1 HiEY 4.4 AE YH
ZAYEE AT sk3lem Table 59 2th 24
ZE Mg F2 A o2 JFve Fristr] flst 441 ABCR SrE2 Y
of wigtr B 2FAES 2P ety, EIEAA 24 US4 ET KS F 2405 "EAYES o5 AE=EAH
THTAE AFA T 03%, S 7HEAH AEAI S W o] mEl AlE 7L 28 el &4 3l j ohd
ARA S 0.003% 7 AT 370 AIEA S HApeE shalch
TS AY 28Y¢ G100 mm x 200 mm FAA Q] &
4.3.2 NZH XIE U Ll AdZE(me)e F88 F 105+5°Ce EF0x7oA A
A= B F5EH 9sE ol i A A= A ZAAA A@AL] AAAZFm)S S48t 2 (Dol o
A2 Az 943 F (100 mm x 200 mm A A S 2t A" 28YAM FFES SA AT
KS F 2403232 EQ 7% A|&E FA|A] Az iyl
wet A Zstel 2447k AL W Bs ¥, Fe%)= 22T <100 (1)
20+2°C FFANA 27U FEFA ST AR "
Table 5 Mix proportions of concrete
Specimen W/B S/a SP/B AE/B Volume weight (I/m’)
(%) (%) (%) W C FA BFS S G
OPC-CG-06 357.40 | 329.91
OPC-SLG-06 92.59 - - 357.40 | 329.91
OPC-CLG-06 357.40 | 32991
FA15-CG-06 357.40 | 329.91
FA15-SLG-06 0.6 78.79 | 13.90 - 357.40 | 329.91
FA15-CLG-06 357.40 | 32991
FA10BFS20-CG-06 357.40 | 329.91
FA10BFS20-SLG-06 64.85 9.28 18.56 | 357.40 | 329.91
FA10BFS20-CLG-06 357.40 | 329.91
OPC-CG-05 347.82 | 321.07
OPC-SLG-05 111.11 - - 347.82 | 321.07
OPC-CLG-05 347.82 | 321.07
FA15-CG-05 347.82 | 321.07
FA15-SLG-05 0.5 52 0.3 0.003 175 94.45 | 16.66 - 347.82 | 321.07
FA15-CLG-05 347.82 | 321.07
FA10BFS20-CG-05 347.82 | 321.07
FA10BFS20-SLG-05 7778 | 1111 | 2222 | 347.82 | 321.07
FA10BFS20-CLG-05 347.82 | 321.07
OPC-CG-04 333.38 | 307.74
OPC-SLG-04 138.88 - - 333.38 | 307.74
OPC-CLG-04 333.38 | 307.74
FA15-CG-04 333.38 | 307.74
FA15-SLG-04 0.4 118.05 | 20.83 - 333.38 | 307.74
FA15-CLG-04 333.38 | 307.74
FA10BFS20-CG-04 333.38 | 307.74
FA10BFS20-SLG-04 9724 | 13.88 | 27.76 | 333.38 | 307.74
FA10BFS20-CLG-04 333.38 | 307.74

SP : superplasticizer, AE : air entraining admixture, B : binder
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Fig. 1 Preparation of the specimen
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Fig. 2 Arrangement of the migration set-up
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Fig. 3 Measurement mehtod of chloride penetration depth
(unit: mm)

100mm AYst2 10mm FEL 2 77AE 0.1 mm7HA
74 HHo = s

G3lE o] FaHAE NT BUILD 492 97 2
Bl o8l F=E 2 (6)°] oFitAS AMgste] AF
A 3ol FFHo 2 AT

- RT .xd_a“/;d (3)
nssm ZFE t
o7|M E = UT_z 4)

f 2
a=2 le:,——%-erfl(l——g-:—d) ®)

o

283 erf‘l(l—zxzom) - 1280]2%

_0.0239(273 + T)L( 273 + 7))
D = —-0.0238 [~———] (6

A o] & Fak A(10""ms)

z o] o] AATHAA o] B z=1)
F A gl A47(9.648 x 10" J/V-mol)

u o 7k1 kel Adizhv)

R : 71A AR =8.314 J/K-mol)
T .

L

=74 A% goo] BF LEK)

Xd Ha o] HF Zol(m)

t A A& Al 7H(sec)
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Table 6 Properties of fresh and hardened concrete

Specimen Air Slump |Compressive strength (MPa) Water Dry unit 3 Diffusion goefﬁcient
(%) (mm) 7 days 28 days |absorption (%)|weight (kg/m”) (107" m7/s)
OPC-CG-06 5.5 180 16.7 244 52 2231 26.9693
OPC-SLG-06 5.1 187 17.0 24.0 6.1 1922 27.7344
OPC-CLG-06 5.2 185 15.8 23.1 6.6 1958 27.5609
FA15-CG-06 4.1 183 144 22.0 4.9 2235 27.9827
FA15-SLG-06 42 190 14.3 20.8 6.4 1921 28.2595
FA15-CLG-06 3.9 189 14.5 21.5 6.3 1931 28.0217
FA10BFS20-CG-06 3.5 180 14.1 25.8 5.0 2268 20.8679
FA10BFS20-SLG-06 3.5 190 144 253 6.3 1941 23.2034
FA10BFS20-CLG-06 4.1 189 144 25.5 6.3 1958 23.7533
OPC-CG-05 3.9 183 23.3 29.6 4.9 2258 19.9940
OPC-SLG-05 4.1 197 21.4 27.3 6.0 1917 20.3803
OPC-CLG-05 43 195 20.0 26.5 6.3 1936 21.9646
FA15-CG-05 3.5 195 19.0 26.4 4.5 2289 23.9728
FA15-SLG-05 3.6 202 18.6 253 5.6 1964 24.4210
FA15-CLG-05 3.7 201 20.0 25.8 5.9 1964 24.9767
FA10BFS20-CG-05 3.7 197 20.7 32.6 4.7 2326 15.8820
FA10BFS20-SLG-05 33 203 20.3 31.1 5.3 1992 17.6170
FA10BFS20-CLG-05 3.5 201 19.3 29.9 5.7 1968 16.7953
OPC-CG-04 5.8 180 27.7 33.1 4.5 2218 15.0028
OPC-SLG-04 4.5 190 30.5 32.5 4.9 1939 15.0553
OPC-CLG-04 3.9 195 27.9 329 5.9 1919 15.2204
FA15-CG-04 34 190 32.6 412 44 2226 13.7533
FA15-SLG-04 5.1 203 29.0 39.7 49 1965 14.8601
FA15-CLG-04 5.1 200 30.3 40.5 5.6 1969 15.1944
FA10BFS20-CG-04 3.9 185 354 494 3.4 2305 10.7253
FA10BFS20-SLG-04 4.5 201 32.0 459 43 1956 11.7391
FA10BFS20-CLG-04 44 200 31.1 46.1 4.7 1951 13.9601
de| UFAEE Fig. 49 o] CGEAE, SLGEAT 5 00
E, CLGZAE WF SATANIT 2adss mohln. £ wo
A w2 AY 28Ye] YEPEE CGEALEI ;33‘3
Hlg] SLGEAHE ¥ CLGZAYEY] ZAwrb YA
gttt ol CGoll W&l L7t SLG 1.04 glem’, CLG S lao
0.86 g/om® 3 T &o] SLG 2.5%, CLG 17.4% E2 ® a0
dFoz AZHh oe o oe
Eob Ag me AP 28del g OpcH ararscs araissis armscis
FAlSQ] QELZHH] 06 0. Soﬂ}\i’:‘ Q—F 2 MPa ]7%9} OFAIOBFS20CG BFAIDBFS20SLG OFAIDBFS20CLG
3 2A sLZHH] 0.49014= ¢ 7MPa =4 UElgt) o= Fig. 4 28 Compressive strength at 28 days (MPa)
= 15% A&k TANES] AF 28Y o]xef 3ht
%—E— ZEACAHNETES ALES & 224 FAR 9 & 70
e Ee] Hs] 7] we|th? FA10+BFS209] 7 3 g eo
Gzel BATAMINA AE 289 FHAEI BE & -
Al et % 20
A% 28Ye) FAES] FFEL Fig 59 23 24 R
A Aol E3HA Aol wheEh ZAaskith =9 ®
e F4ee CG*fLﬂEoﬂ 3ol SLGE A EE ° we .
0.5~1.5%, CLGZZHEE 0.9~1.5% ZA Uehsrh. 2 s Byl s
iaE UﬂEQi7}‘ %%?ﬂ' }_Zﬂoﬂ}ﬂq X]—O] O]Ei o]}‘_; OFAIDBFS20CG BEA0BFS20SLG OFAIOBFS20CLG
FAe gEom B S 9om ATIANY Z F580] Fig. 5 Water absorption at 28 days (%)
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7 2ot 0.5, 040014 = FHAart Boh A yERsT
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Zo] vA TRz g9 LA FAA 7] w ot

71 H S Table 63} ). #HAE 28 A
ZagES] NAGIEHFLS 1,917~1,992 kg/m’E A3
Ab FEA A (2006)9F 2B E F2A A (2003)2] A
FAZIYE 159 71AS12%F W9 1,700~2,000 kg/m’

A A Z3E Oi¥] 10~15% 7
2t 7 ARAEFE EAMER L GeaE AT
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Fig. 6 Diffusion coefficient of OPC concrete
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Fig. 7 Diffusion coefficient of substitution FA 15% concrete
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Fig. 8 Diffusion coefficients of FA10+BFS20% concretes
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JE @ &5 AFEA FAYEY Hlw #A4E Fal o 2
% o AEL 9L & AU
s D BATAY, EHAANSE L BAY a2
* YFREe v 24 2. 3k A8 =
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Fig. 9 Relationship between compressive strength and diffusion E7F 1.917~1,992 kg/m'2 2FFAF FEAHA (2006)
coefficient o} 3 E HFAEA(2003)8] AFZAEIEE
159 71A998% W) 1,700~2,000 kg/m’e] TH5
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D = —0.633(x) +39.629 @) 1. Yoon, S. C., Jee, N. Y,, Roh, S. Y., and Cho, H. B., “The
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Architectural Interchanges in Asia, Vol. 2, 2008, pp. 924~929.
2. Mehta, K. K. and Monteiro, P. J. M., Concrete : Micro-
714 D: dstE A0 ms) structure, Properties, and Materials Third Edition, McGraw-
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3. Mindess, S., Young, J. F., and Darwin, D., Concrete Second
6.4 2 Edition, Pearson Education, 2003, pp. 493~499.
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