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Chloride Ion Penetration Properties of Normal Strength High—-Fluidity Concrete
Using Lime Stone Powder
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Abstract

Recently, there are a lot of researches related to the high—fluidity concrete (HFC) with field applications. However,
most applications and studies are with concretes with high strength level so there are little studies about durability
evaluations such as chloride ion penetration properties with normal strength concrete. Therefore, to evaluate the durability
of HFC with normal strength level, this study performed the chloride ion penetration test and observed the micro pore
distribution with normal strength HFC which contains limestone powder. Experimental results showed that most
micro—pores have diameters between 0.005 to 0.05 gm with HFCs using limestone powder and the average diameter
becomes larger with the increase of limestone powder content. Also, it was shown that, with the increase of the
limestone powder content, penetration depth and diffusion coefficient of chloride ion increased and diffusion coefficient had
good relationships with compressive strength and average pore diameter with the coefficient of determination over 0.90.
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Table 1 Chemical compositions and physical properties of OPC and admixtures

Item CaO Si0y AlyOs MgO Feo,Os SO Insol. LOI Surface area Density
Type (%) (%) (%) ) (%) ) ) ) (em’/g) (g/em)
OPC 61.40 21.60 6.00 3.0 3.10 2.50 0.21 0.03 3,540 3.15
LSP 43.80 11.06 4.13 1.42 1.44 0.30 - 35.66 4,600 2.69
FA 6.51 58.20 26.28 1.10 7.43 0.30 - 3.20 3,550 2.18
Qitt wEbA] FZolle dA7)AQ =48-S 2 ozt Table 2 Physical properties of aggregates
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Table 4 Specification of HFC proposed by KCI

Table 5 Condition of accelerated test

Rank 1 9 3
Item

Constr}lf:t1on Mlm.mum gap between 35-60 | 60=200| =200
condition reinforcement (mm)

Flow ability Slump flow (mm) 600700

Time required to flow
Segregation | through V—funnel(s)

resistance Time required to
ability reach 500mm of slump| 5-20 Balls 3-15

flow(s)

Conditions levels Cell
il | (=) | 3.0% NaCl = —
ectro! yte ower Supply
(+) | 0.3M NaOH —
Applied voltage 30 < Q@
W)
Thickness 50
(mm)
Duration time (hour) 8

Filling height of U—box test (mm) >300 >300 -

Dry Mortar Concrete
mixing mixing mixing
Dry mortar
Mortar
S +
. => Water E> *
P + G
SP
60 sec 60 sec 120 sec
Pause Mixing
I:> I:> I:> Discharge
180 sec 120 sec

Fig. 1 Mixing method
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Fig. 2 Compressive strength by age

Table 6 Fresh properties of HFC

" Flowability e Packing ability

No. Type Slump flow V—funnel flow Tso0. Fﬂ[l}rigb(l)l;i%gétof
(mm) (sec) (sec) (mm)
1 Plain 630 7.7 6.5 350
2 LSP15 660 7.3 4.6 330
3 LSP30 680 7.2 4.5 340
4 LSP15 FA15 640 8.1 4.8 325
5 LSP15 FA30 630 10.5 6.0 320
6 LSP30 FA15 665 7.8 4.7 320
7 LSP30 FA30 650 9.9 5.0 305

* Ts00 © flow time to achieve 500mm
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I NI
0.001 0.01 0.1 1 10 100
Mean pore diameter (ium)

(a) Pore distribution curve

Cumulative pore volume (ml/g)

-0.05 0.0

Pore size (ium)
(b) Pore amounts by size

Fig. 3 Binary blended of HFC
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Fig. 4 Ternary blended of HFC(LSP15)
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Fig. 5 Ternary blended of HFC(LSP30)

Table 7 Result of pore analysis at 28days

Table 8 Chloride ion penetration depth by age (mm)

Mix Type Total pore volume Ayerage pore
No. (ml/g) diameter (um)

1 Plain 0.0587 0.0227

2 LSP15 0.0887 0.0260

3 LSP30 0.0867 0.0309

4 LSP15FA15 0.0926 0.0311

5 LSP15FA30 0.0773 0.0415

6 LSP30FA15 0.0792 0.0417

7 LSP30FA30 0.0862 0.0466
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Mix Ages (day)
Type

No. 7 28 56 91
1 Plain 18.84 11.97 9.38 8.32
2 LSP15 22.97 14.93 11.37 10.13
3 LSP30 25.94 16.82 13.43 13.21
4 LSP15FA15S 27.76 19.54 13.80 10.60
5 LSP15FA30 38.23 23.51 14.41 10.86
6 LSP30FA15 33.82 23.01 16.92 14.86
7 LSP30FA30 43.72 28.49 19.30 15.88
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—@)— Plain
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age (days)

Fig. 6 Chloride ion diffusion coefficient by age
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O (Y = 0.0243 X + 1.6050)
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Fig. 7 Chloride ion diffusion coefficient of age 28 days (Binary
blended of HFC)
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Fig. 8 Chloride ion diffusion coefficient of age 28 days (Ternary
blended of HFC)
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Fig. 9 Relation of compressive strength with chloride ion diffusion
coefficient
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Fig. 10 Relationship of micro pore and chloride ion diffusion
coefficient
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