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Chloride Permeability and Corrosion of Reinforcement

in Concrete Containing Silica Fume

by

Kazuyuki Tormr*, Mitsunori Kawamura*, Tokuro AsANO**

and Morihiro MIHARA**

Condensed silica fume (CSF) is an ultra-fine and high reactive pozzolan. Some properties of fresh
and hardened concretes can be significantly improved by the use of CSF. CSF has been used in con-
crete to make a high-strength and durable concrete.

This study aims at revealing the influence of CSF on the chloride permeability of concrete and the

chloride corrosion of steel bars embedded in concrete. From the experimental results, it was confirmed
that the use of small amounts of CSF could effectively reduce the chloride permeability of concrete
and improve the protective function of concrete against the chloride corrosion of steel bars. With re-

spect to the strength development of concrete and the protection against the chloride corrosion of steel

bars in concrete, the most favorable replacement ratio of cement by silica fume was approximately

10%.

Key words : Condensed silica fume, Pore structure, Chloride permeability, AASHTO T-277,
Chloride induced corrosion, Electrochemical measurements
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Table 1. Physical properties and chemical SRS IIER LTS & 8T 7 4 VOREW TR TAL

composition of silica fume used.

Specific gravity : 2.33, BET specific surface area : 24.2 m*/g
Average particle diameter : 0.36 xm, pH:5.4

I loss : 2.62%, Si0,:90.91%, Al,O;:0.94%,
Fe,0,:1.87%, Ca0:0.45%, Mg0:0.57%, Na,0:0.20%,
K,0:0.87%, Residual carbon content : 1.20%
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Table II. Mix proportion and properties of concrete containing silica fume.
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w/c| s/a Unit weight (ke /m") AE | sP |Slump| Air
® | ® | 5y | ¢ Tesr]l s T o | ® | ® | @| ®
Plain 55 3 | 165 | 300 o | 694 | 1169 | 0.12 | 0 7.0 | 4.3
CSF 5% 55 38 165 285 15 692 1164 0.15 0.90 6.5 4.0
CSF 10% 55 38 165 270 30 691 1162 0.21 1.80 6.0 3.9
CSF 15% 55 38 165 255 45 689 1159 0.27 3.60 9.0 3.3

CSF : Condensed silica fume.

AE: Air-entraining agent (percentage by weight of cement plus CSF).
SP: Superplasticizer (percentage by weight of cement plus CSF).
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Fig. 1. Dimensions of concrete specimen in which a steel bar is embedded.
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Fig. 2. Pore size distributions of concrete

containing silica fume.

( 24)

— AEBEEOMAES T TREII oW, YY)
BT 2 LBEMEEN10% T TOHEMTEIIH T 2
— LEHERE &L ITOMILEAYEA L, MIILES D
P WEANBITL TV LORRBDOLNE, LrL, ¥
UH T o — LEEEN 5% I b E, SHILEDOR
DB L OCHILED AT DD CENDRBITI/NE L 2 b,
&I, AR EA TR BEICE, YA T a4
BRI L B MBI R S e <k b, ML
PAAIZBWT 0.1 pm LK E R EROMILOEDS
WMAKTL ZORKELTIE, YUHTa—Lb0EHR
ERNEL B D EHYREBICKRE BT EPT
U= MHICEY AT N D, FF0BROEEARE T
e OO HEE LR T b I R ENEZL
N5, ZOL)HILETAHOBIa Y 27— D
BERBEORNE DR —HLTWD, Thbh, ¥
VAT a—baryy) =T, Fig4lR3TL91
UH T 2 AEEREDG10% LTRSS L —-va s
7)) — M EHE LTI L ) EHTRE OB RIE SN
BN, V)N T - NEBEN10% LR D LR
JEBMOE G AVNE e DRI S 5.

3-2 RBEITHOEH

POHN T a—sary) — b OTIBESA OB F
Fig 5I1Z/Rd. VU HhT7a—2a3r7)—-bTl, ¥
VAT 12— AOBEBWEPKELS LD EEDICTIBOF
WAL, SUBOEEBIWA T AEIICH S, &
I, YN T 2= LRI BLP15% Db D
T, Fb—rvarz)— e T, JBORE
WEOREE RS, T/, YUNTa—b I Y —
FClE, 7y aaryz)— hTHlEENIEEE
E fba ) — P CHIE SN ZEREDEITKE L
oTWwWh, ZOIEE, YUhTa—baryy—
MIBITARBERIZT ) I 7 2 — LOBEREHNKE
(BB EQIIREER LD LY, FTREPIZEEL
WATAHZERRLTA, YYD Ta—Lbarrl)

TEHEF) 5540% 454565

NI | -El ectronic Library Service



The Society of Materials Science, Japan

YA Ta—bary s — bOWEA T VBB L SRS 1167

10un (O | (00

Fig. 3. SEM micrographs of fracture surfaces of concrete containing
silica fume at the age of 28 days.
((2) plain, (b) CSF 5%, (¢) CSF 10%, (d) CSF 15%).
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Fig. 4. Variation in compressive strength of Fig. 5.. Air bubble size distributions of
concrete containing silica fume with age. concrete containing silica fumne.
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Fig. 6. Neutralization depth of concrete contaming
silica fume.
(Water curing : cured in water for 28 days, air
curing : cured in water for 3 days and in air for

25 days).
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Fig. 7. Chloride permeability of concrete containing

silica fume at the age of 28 days.
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Fig. 8. Time dependent variation in chloride
permeability of concrete containing silica
fume exposed to various environmental

conditions.
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Fig. 9. Variations in half cell potential and 1/
polarisation of steel bars in concrete containing
silica fume with soaking-drying cycles (water

-curing specimens).
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Fig. 10. Variations in half cell potential and 1/
polarisation of steel bars in concrete containing
silica fume with soaking -drying cycles (air
-curing specimens).
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