Properties of Engineering and Durability Concrete with Fly-ash and
Blast Furnace Slag in Normal Strength Level

(20103 29 119 Aag<:, 2010d 3¢9 179 AALE/ Received February 11, Accepted March 17, 2010)

n* 1
AFe, AR,
1

215 D
= B

g

B, g

i

RS
Bl ox

el o}
Gyu-Yong KIM"", Kyoung-Su SHIN", Chang-Hyuk LIM", Jeong-Soo NAM", Moo-Han KIM"
"Dept of Architecture Engineering, College of Engineering, Chungnam National University, Daejeon, 305-764, Korea

A%

of
ol
o

Abstract

Recently, reducing usage of cement and using by-product of industry such as blast furnace slag and fly-ash have been
increased to reduce CO. gas emission. That apply to construction. As a result, reduction of environmental stress and recycling
of resources are expected.

In this study, as basic study to the reuse of resources and reduce Environmental Load, comparing and analyzing hardening
characteristics and durability as using the blast furnace slag and fly-ash, examining concrete characteristics substituted the three
elements for the blast furnace slag and fly-ash and evaluating the relationship as binder. Through this, it want to provide the
basic data for mass utilization.

Blast furnace slag powder and replaced at fly-ash compressive strength of concrete in the strength of the initial seven days
material age lower level of expression significantly compared to the concrete, but, 28 days after the similar or higher
compressive strength than the concrete expression of the was. In addition, the reserves replacement of blast furnace slag
powder salt injury increasing resistance are seen improvements, according to the conventional blast furnace slag powder study
by the chloride ions on the surface of the concrete are improved being fixation salt injury resistance is considered.
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Table 1 Mix proportions and test plan

Series | W/B| Slump | FA | BFS | Sfa | B W Unit Weight(kg/m’) Test Ttems
O | mm) | ) | @& | % |[kgm’)|kgm’)| C FA | BFS | S G
0 0 318 0 0 842 983 Slump (mm)
| 24 B 0 30 222 0 95 878 939 Air content (%)
(BFS) 0 | 50 159 | 0 | 159 | 903 | 910 |setting time (hom)
0 70 9 0 222 | 927 | 881 |.Compressive Strength
, 50 (21025 5 47 318 159 302 15 0 848 970 (MPa)
AR
Il 2 (OFX)ﬂ] 10 0 286 31 0 854 957 |-Carbonation damage
15 0 270 47 0 860 945 (mm, mm/yt)
T 5 | 25 222 | 15 | 79 | 878 | g4 |Salt damage
(FA+BFS) 5 | 2 190 | 47 | 79 | 890 | gog | (mm. 107cmisec)
Table 2 Physical properties of materials ABE 50%2 AP T, 248A ZaERA A
, Aol gk n2&e1 llir%‘?% A& 0, 30, 50 B
Materials Physical properties
velea prov 10%9) 457, Saolojne] ALL 0, 5, 10, 15%2] 45F
. . 3
Cement Den51ty.3.15g/cm2, S AAsIYoH, 3dEA SIZEZA 12EHT v)E
Fineness : 3,630cm/g
4 3 ?jr PALS 0, 25% AN SeolefAle] ThA&L 0
Fly-ash Density : 2.13g/cm’, 59 rzow 4
Y Fineness : 2,976cm’/g %’4 TR AAsolth
S Hulo 2 3883 = =R
Blast furnace Density : 2.91g/cm’, Eg uzgH veds EH 283 ZAEY 5
slag Fineness : 4,379cm’/g X %%‘ET‘:“ Z¥zy 210£2ommz AAstPon, 23X &9
R 3 T2 ulERA]7)7 3 AA TAE= 71 2=7] a1l =
Fine aggregate Density : 2.58g/cm’, S T=EA1717] 93] 4o 145 A5Al 2 AEAE
Density : 2.68g/cm®,
Coarse aggregate Maximum size : 25 mm
22 AIBMZ I blgs

BAstal nzsHast Zeteloirle] 3HEAS AT 221 A2
FIYE A4S HAEFCZA AIAEA 9 FHIAE B o) AleE g 2 227 A4S Table 29} 2t}
Bl 9%, NFBES AT AEARE ANt

=g 222 Hlelut
B dpolie 2AYE We nREda PR, A
2. el X BE AE, A B #E BAT TS 027 AuYe

21 M= U vhg ZFEe ANl  HAZRE 027 £eET &
B Ao A %am Fasee] BALE A4S W HNE F SULE ZYsl] BE SYLE UED

B7het7] s Table 1o UbEhg b} o] BAGA A9 BT

HE 50%2 g@%& z?, 298A EaRERA AT

Aggo] gt m2HA wEDe] YALS 0, 30, 50 223 Al

3 70%9) 45, EetolfAe BAES 0, 5, 10, 15% # Q7o) FaAYES] 4% A5H/kE KSTHEA ne

o 453e AYs] AMgE Tadee B4 9L ANSHGoM, 53 wNSAZHY] Wk L= 2,

Ao /% @ cdze APAEHoT AE. RH50% C0; 5 5%2 FAEE %7, J=4% A9

45T, 2 olg3ie] NPAZ At 1%9] A=ZBA §
T, so0 masiEe] AN L UTARS AR & BRsel APA EvoEyy B4 g )as

37) Slele] AMPEele] EAES Telsldl BAT  ZA] ol WIROE SEtk YT WA} ol

104 SHEAMEEIRIES] 2010.03



oA (2)

7} 85, 80, 115 & 80mme] o2 ZtolofA] th|&-2]
71l oM E Fo wkek Aako] YehA] it
Fig 3—9‘ 3‘43?‘7-'" iﬂﬂE-‘ﬂ E‘H'O]OH/\] T/Hiﬂ qu‘ ﬁ/\] %7]‘%1:Q] %i}% L"LE}H]_ 7)‘1_C_’.i ﬂ]tnx]‘o‘oﬂ,q% ii%f’/ﬂ

Fig. 3 Test results of slump (series 1)

L=20m hu

S mE SHEel WMaE vehd 0® MINAT o mua gae 0, 30, 50, 70%4 242 66, 50, 48

=]
%‘;g%k% "‘:q‘o]OH/‘] EHZHT—E O 5 15% ]}\'1 "17*} 205 230 u] 5074 /\ZOE ﬂié‘iﬁ_—/_ U]E—‘Q’g }\]‘:’HE iﬂZH
=i

S 20mme] FESE RE SRS LT UHAU, o gae 4o neq mases fAGAY te B
CEIE B0RA T FEINA WAE 05 DA szoe getent mzeda Bew dagsl 2k
V7 }‘ZO

7}2} 80, 130, 110mme] S22 YEeRgth = 17@4 wshE A9 glE Aoz Uehsith

rot

59, ATt W Zr)Eke] wWald] glojd 1R

‘ ] a%: sl Al gl B MEATs 5
Flg. 4= ,Li’g‘aﬁj_ U]V‘i‘% iﬂ‘%‘ﬂ]‘ 737\]%&‘:‘“ U‘]’% .3]_7_” L]—E]—‘;,\"_Q_Uq, H] _]_ 01:1 7;]J/]_/\]7],J+ H]H] :?-_9]_ tﬂ]

312 37|12

oz B gyl v dwrkow AgEm 9 |
B Ol A 93 Esh] we e $EAGE |
=gk n |
i = !
| o !
| c=AVE A(1) | |
e, C o eas 1ol . 7820 5
3 A eEE Sl emly yean) 5 | -A-BFSS0| ~ -] 3
1 t : AE (year) —— BFS70 !
i 0 1 1 1 1 1 1 i
i _ 0 10 20 30 40 50 60 70 |
| 3. AlgZa o pEk HBAIZ (2 ) |
3 Fig. 1 Test results of slump (series 1) i
|31 Rigke My e Y By 25 |
. 311zE= 20
. Fig 1 n2&da vED gASs} AAwsl ge £ s |
 zEzo wge Y Ao wnAFdNe 1257 "l |
Lo TR gl 0, 30, 50, 70%SlA ZkzE 205, 200, 210 &0 Plain s |
% 20mme] FEOR SR FUTE BT NS | §
o ATARE 6030l Aol RS vl giAlE 0, 30, ——FA15 !
|50, 70%0l141 85, 95, 105 B 75mme} FFEOE nR&e 0 —_— |
vl gAge) £/184E nReda BRTe U R R e,
| S U o o |
- B8R FAEY /8 ATl e AeE @ Fig. 2 Test results of slump (series 1) |
. e ’e i
 ole mEsYa vEwe U4 Ruw A8 ' |
9 AMES Y] HER] wE soliE £ 27} 20 |
| slo|l2E A= wg S9 oy 29l gy nHE A = |
Cole meET, = i
 Fig 2= Zeolol diAlgs Al e EE @ o | i
o wskE el o® muAFelNE ZeloloiA) o) Plain |
3 o al o 5 | FAS+BFS25 |- -~ = - -~ = - -~ 3
} A& 0, 5 10 2 15%04 ZkzF 205, 215, 205 2 215mm e FAIS+BFS25 }
o FEoR B¥ £YEZE BT uEsgon, Adzt . - |
60l glojA ZetololAl diAlE 0, 5, 10 2 15%014 7} 0 10 20 3 40 50 60 70 3

ZcfolofAl R D220 YRR ME Yurt=gY 23R(ES| I &Y H Uiy 105



10
Plain
R BFS30 ||
—A— BFS50

— —— BFS70
®
0
R
Ho

2 =

O 1 1 1 1 1 1

0 10 20 30 40 50 60 70

A2 (=)

Fig. 4 Test results of content (series 1)
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Fig. 5 Test results of air content (series 1)
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Fig. 6 Test results of content (series II)
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Fig. 7 Test results of setting time (series 1)
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Fig. 8 Test results of setting time (series 1)

1500

1400 |-

1300 |-

1200 |-

11:00

100 f----

bAlZE(hem)

=
0 800

=00

00

|={ulu]

oPC FAS2e+BRS2E% FA1E26+BFS25%

ST EF

Fig. 9 Test results of setting time (series 1II)
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Fig. 10 Test results of compressive strength (series 1)
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Carbonation depth (mm) Accelerztril(r)rr;/;cz)e fficient o A
Specimen Age (week) Age (week) ’ ° 1Oxug (year) * « ®
1 4 8 1 4 8 Fig. 15 Prediction with test results of carbonation
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FAL5 2.9 6.0 5.0 2.9 6.0 5.0 Table 4= 7+ A& Qolo] wWa drole AEZo)Z
FA5+BFS25 | 2.9 5.3 48 2.9 5.3 48 Bl Ao= o]2 nlegloZ Fig 16~18L X|3-gd we
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| - depth (mm) (Xi%‘?f?;f/r;tec) 28 i’]—ﬁrq]t FEd ZAYE HIE FARHAY = |
% P Age (week) Age (week) T USRS HEAH %
3 4 8 4 8 3
3 Plain 124 252 8.7 28 28 3
i BFS30 118 119 75 13w T i
i BFS50 1.0 98 11 T o il e, i
3 BFS70 10.6 6.6 11 0.7 3
3 FA5 15.0 10.1 75 T S e o A 3
FA10 146 11.3 9.6 e | 009 o000
| FAL5 14.0 18.6 9.7 33 |
i FA5+BFS25 155 98 26 16 i
FA5+BFS25 164 111 26 1.2
} 25 }
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