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Granulated Blast Furnace Slag considering Fineness and
Replacement Ratio

=y =1 2
o)z’ - HNE™

Hyun-Ho Lee' - Seung-Jun Kwon

(Received May 9, 2013 | Revised June 7, 2013 | Accepted June 21, 2013)

Durability performance in RC structures varies significantly with changes in cover depth and mix proportions. GGBFS (Ground
Granulated Blast Furnace Slag) is very effective mineral admixture and widely used for an improved resistance to chloride attack. In
this paper, characteristics such as porosity, compressive strength, and diffusion coefficient are evaluated in GGBFS concrete with 30~
70% of replacement ratio and 4,000~ 8,000cm’/g of fineness. Through the tests, more dense pore structure, higher compressive
strength, and lower diffusion coefficient are obtained in GGBFS concrete, which are evaluated to be more dependent on replacement
ratio than fineness. With increasing curing period from 3 to 91 days, porosity decreases to 77.47% and strength increases to 373% in
GGBFS concrete. Chloride diffusion coefficient in GGBFS concrete decreases to 64.4% compared with that in OPC concrete, which
shows significant improvement of durability performance.
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Table 1. Properties of OPC and GGBFS
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Table 4. Conditions for MIP test for porosity evaluation
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Items Chemical composition(%) Physwg !
properties
. Specific| Blaine
Types \ | Si02 |ALO; |Fe;,05| CaO IMgO| SO; |Ig.loss eravity| (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
Table 2. Properties of fine and coarse aggregates
Items| Gmax | Specific gravity | Absorption EM
Types (mm) (g/em’) (%) o
Fine aggregate - 2.60 1.00 2.70
Coarse aggregate 25 2.62 0.78 6.78
Table 3. Mix proportions for OPC and GGBFS concrete
- Unit Weight (kg/cmz)
Blaine S/a | Rep. G
Code B yp
(enig) o [ )| 4 | W | C [5G | - | sand| SO
sum 8
OPC - 0 3871 0 | 1.7 |750.9] 992.8
S34 30 271|116 | 6.4 |746.9| 988.7
S54 | 4,000 50 1841194 9.5 |744.8| 986.5
S74 70 104|272 (12.6|741.9| 983.4
S36 6.000 45| 44 | 30 |175|271|116| 6.4 |746.9| 988.7
S76 | 70 104 (272 12.6{741.9| 983.4
S38 30 271|116 | 6.4 |746.9| 988.7
S58 | 8,000 50 184|194 | 9.5 |744.8| 986.5
S78 70 104|272 12.6|741.9| 983.4
- Gmax : 19mm -Slump : 15cm

- Code AB (replacement Ax10%, fineness BXI,OOOCmZ/g)

Advancing contacting angle 130.0 deg
Receding contacting angle 130.0 deg
Mercury density 13.5335 g/mL
Mercury surface tension 485.0 dyn/c
Maximum head pressure 4.4500 psi
Stem volume 0.3920 ml
Penetrometer weight 63.9570 g
Penetrometer volume 6.0020 mL
Penetrometer constant 10.79 /pF

ol
H
e
nx
H>
riok
Pal
o
o
@
r-II]

Zl 20134 6 27



|_

0e
fon
o
ikl
4m
=
oo
njo
>
oSt
QL
g
S
(@)
X
N
o
o
3
3
>
u
Any
> m|.|]
In
~

_O'I_I

o 2R

u

>

]

o

w

]

o

kU

om

r_oﬂ

4n

Mmoo
:Ig -|_

]
io 52
5|> 0 40 Mo
i |'|_| oA
el
(I I AT
> q0 10 pa
= o

[11%%
fol
Mo
Q'E
40
oM
2 o rd of

i3
1o
ofm
o S
X NE
>
=
1o
il
Q'I_I

Table 5. Conditions for submerging test in saline water

Specimen size 10x20 (Cylinder) |Specimen Condition
No. of specimen 3 per Code | Wax coating for 1-D
Period 4 Weeks penetration
RH(%) 100 - 2 Weeks curing in water
Chloride 5 a%’ld ;O}é/eeks curing in
Concentration(%) air ( )
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Table 6. Porosity in OPC and GGBFS concrete with time

Porosity (%) | OPC S34 S36 S38 S54 S74

3 days 19.98 | 21.70 | 23.62 | 21.33 | 22.90 | 20.80

28 days 18.12 | 19.97 | 21.43 | 20.02 | 20.71 | 19.94

91 days 17.62 | 16.81 | 15.40 | 1495 | 1528 | 13.22
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porosity (%)
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Fig. 1. Porosity variation with time and mixing conditions
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Table 7. Free chloride profile in OPC and GGBFS concrete

) Free chloride content(%)
Specimen type Depth(cm)
28days 91days
0.0~10 0.02920 0.072
10~20 0.02555 0.053
OPC
20~30 0.01338 0.021
30~40 0.00730 0.018
0.0~10 0.02738 0.051
10~20 0.02008 0.043
S38
20~30 0.01095 0.015
30~40 0.00730 0.0082
0.0~10 0.01886 0.0325
10~20 0.00913 0.0213
S58
20~30 0.00730 0.0082
30~40 - 0.0024
0.0~10 0.01278 0.0215
S78
10~20 0.00730 0.0152




Table 7. Continued

Specimen type Depth (cm) F2r§e d(;l;lsoride cor;t‘lsn:ia(}‘,’/so)
$78 20~30 - 0.0013
30~40 - 0.0011
0.0~10 0.01399 0.0208
$76 10~20 0.00730 0.0188
20~30 - 0.0018
30~40 - 0.0015
0.0~10 0.01278 0.00305
74 10~20 0.00730 0.0201
20~30 - 0.002
30~40 - 0.002
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