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ABSTRACT

High performance concrete containing silica fume for use in bridge deck overlay emerged as a viable type of
bridge deck overlay that economic advantage in construction. They have gained acceptance in Europe, America, and
Canada in a relatively short time due to their low cost. In this study, high-performance concretes containing silica
fume were tested and evaluated in the laboratory to assess their applicability for use in bridge deck overlay. It was
conducted with experiments of mechanical and durability characteristics in compressive strength, flexural strength,
chloride permeability, abrasion resistance, repeated freezing and thawing cycles and deicing salt scaling resistance.
Laboratory test result describe that high-performance concrete containing silica fume for bridge deck overlay

application shows most outstanding capacity.

Keywords : silica fume, bridge deck overlay, high-performance concrete

.M 2

B FEEN WA TS WS Dol BBl =
42 ot 9o 3l el e 229 4
A7} R 55 Ao GRS HEe ud Be
FEATOI} S22 e ok of el @Y X
e AR P B1HY BEAL 2ES AsT A
FHjojo} @} o}g?l AN UAZ I JaE
o) ATZ A WF vige VAT 9L F7)
ol YT EARES 2Tk o] WA 7)
0e g8l AMEA Aol EBAES Whe] BAF 2
aPlEg WEAL AYE A4 429 ARE B AR
o 7% 5 debhel ATt AEa 9,

AYHES TR T ZIYEE 190301 T+
AN APHoZ AL%—sPI‘OD% G dEAN 3
5 Al dbdo g Qldle] Y E-AlWER|E 71X

* Corresponding author
E-mail : jpwon@konkuk.ac.kr
(©2005 by Korea Concrete Institute

15 TS ZAYES YA £ QA B & Zage
Zo) glo} 11 AHgol AAEA 2k’ v E
ZJOﬂ Mé% ZIgEe HALe 190dy] ZHRE

AA oz ARHAE Ggkort 1984d 27 Pl= 127H
F wEIoA el H&sl7] Hste] HAE Al
o 1 f? é_‘alﬂ%% AHER W 38 14T 237
Aol F3, A 2 AR LAY &
oz o }04 O AEL FEEE SoluA =3l of
of & A7M= WA R dacle AFAYEE F
A717] S8 delrHre EH 3T SAYE wE ¥
B A84e AR Aste AAstan. delrkee
4T A4 wiste 24 flste] =-AHEN], dE
7HEY] &3, 29AY F wrE sden wy ¥
oA 7FE T2 diol2 T R USAEE WL
sof A4 AahE 2 AgAFE 2 £ F4 )
o] B2 @) 3 A7) AT WkE ANEles 2
A7z A Sule} 1 A AEEHu g e
2 A ZAYEAMO) 2 HYRoL wESA A6
i e v 238 FAYE A% 7IEd vl 37}

ol AgAe Brpsla

l

_I

743



nH

M5 =3a1E0| 3¢
Mg §g

2. =38

Kl

TRANANY T4 FAHEY AHG-L 1970dTh Fu

B4 A2 Hgion AR Heow YelAEe
£ 95 BATEE AT Al 198d 19 @
3 A P2 A Sl o 15n'E B 9
Aol 54 SA o 1984 Zuk v 127) F¢] 2%
ol e 244 25 2ased BE 34, A
49 qus 45 B Aoesl 2 Ak

o FolH ww AL 34T ZIBEE AHESIAL 9}
o QiR njZ & a¥ME A4 B A
o2 IMCY WA FHoz A7t A LMCe
% TH AE2A Holdt A%E 7T AT BAA
ZAZ Ao Aol IMCS SARBIAARE AAF
HE 2o o]2 Aolth F&F ERWEFAAE
W C2WES(FHWA) “Syracuse overlay” H.il
|Zsid e AHES £83 34T EAYEY
3 AlF de dig At AEsEe 14ds
ZagEsL LMCS] dAAlg2A e AH-S et
o vla)e) wE ¥4 AzA AeHEe ERE 2
A5 2aAES A4E AY8 FRoH b g
FoNE w24 Fyol A4 AN 53] &
ol oFoM B AHg AAow Boln I, Table 1
& odojoFe] W XHE Aolt.
Table 19149 Z0] LMCE 196056 A= A2
A= Agsas &£3st H] =3k A
2 Hol 1980dth o]l
A ES} Bo| ATHYSS Bojz), 199oum1 o] Fo =
At A = *}ﬂﬂﬂ AZsIAE ol FEY g

0 9

Bl 2o
2,

= rR, ol H

fr i jo ¢

31 AHE

2 A e vE 3159 HAY 15 FEHSAME
£ ARESIT,

32 =X
£ d7dMe #23AE dd A5 13mm, BT 260

BETAE ARG, IBAE HF 260, 2UE

ZHE ARSS

9
2099] 7%

33

ok

S 2

Az Aeghgol AHgHNeH &9 - #5844
Z-8 Table 29 2}

4.1 Hi A A

2 AFoME ) d Bd 2 JeAHEE Fold o
i) _‘%ﬂ%j ALEE o7 wig 713E Fasle] E-A
HERE= 035, 0.37 040, AelFHEY] £885 6%, 9% 12

o] T2k AT Sk #7) el TR YoiN
A ALgel wop EAE FrES WE AL Table 3 Performance specification of bridge overly
6)
o2 FAE AYn Ju. wHA WrgdE A concrete
Type of Performance specification
Test method
Table 1 The quantity and type of matenal used concrete LQL UQL
for overlay in Ohio, USA? Air contents (%) 3 7
C i t h
Overlay type No. of bridge deck LMC (zrl\r}g:szltvzgs draeynsg)t 26.2 -
Concrete overlay (non specific) 196 Penneat;ility(coulombs
LMC overlay 1616 at 28 days) ’ - 1,000
Dense concrete overlay 224 Air contents (%) 4 8
Epoxy overlay 173 Silica | Compressive strength 365 _
Asphalt overlay 4010 fume (MPa, at 28 days) ’
Superplasticized dense concrete 621 concrete | Permeability(coulombs, _ 1000
Silica fume concrete 1242 at 28 days) ’
Table 2 Physical and chemical properties of silica fume
Items Specific le. loss Fineness SiO2 AlO3 Fes03 Tioz CaO MgO K20 NaxO
Type gravity £ (cm*/g) (%) (%) (96) (%) (%) (%) (%) (%)
180,000 ~ _
SF 2.2 2.8 900,000 94.0 0.3 0.8 0.3 04 08 0.2
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Table 4 Mixture proportions (W/B=40 %)
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(Tables 4~6).

431 ¢54=
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Mix. W/B S/a Unit weight (kg/m")

no. (%) (%) W B C Silica fume S G SP* AE#x

1 376 24(6 %) 3.8 0.025

2 160 400 364 36(9 %) 933 778 3.9 0.025

3 352 48(12 %) 4.7 0.025

4 390 25(6 96) 4.0 0.028

5 40 55 166 415 378 37(9 %) 918 766 5.0 0.028

6 365 50012 %) 5.3 0.030

7 399 26(6 %) . 3.8 0.028

8 170 425 387 (9 %) 908 757 4.1 0.028

9 374 51(12 %) 45 0.028

Table 5 Mixture proportions (W/B=37 %)

Mix. W/B S/a Unit weight (kg/m”’)

no. (%) (%) W B C Silica fume S G SPx AE*x*

1 | 376 24(6 %) 3.8 0.027

2 148 400 364 36(9 %) 899 845 3.9 0.027

3 352 48(12 %) 45 0.027

4 390 25(6 %) 4.2 0.029

5 37 52 1535 415 378 37(9 %) 885 833 5.1 0.028

6 365 50012 %) 52 0.028

7 399 26(6 %) 5.3 0.026

8 157 425 387 38(9 %) 876 824 59 0.026

9 374 51(12 %) 6.3 0.026

Table 6 Mixture proportions (W/B=35 %) * superplaticizer, ** air entraining admixture

Mix. W/B S/a Unit weight (kg/m’)

no. (%) (%) W B C Silica fume S G SPx AE*x

1 376 24(6 %) 5.6 0.028

2 140 400 364 36(9 %) 875 892 59 0.030

3 352 48(12 %) 6.1 0.029

4 390 25(6 %) 5.9 0.028

5 35 50 145 415 378 37(9 %) 862 879 6.9 0.028

6 365 50(12 %) 6.8 0.028

7 399 26(6 %) 6.1 0.030

8 149 425 387 38(9 %) 853 869 6.6 0.030

9 374 51(12 %) 7.0 0.030
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Fig. 1 Compressive strength of high-performance
silica fume concrete for bridge deck overlay
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Fig. 2 Chloride permeability of high-performance
silica fume concrete for bridge deck overlay
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Table 7 Mixture proportions (unit: kg/m®)

Type offW/B|S/al Gmax Binder

concrete| (%) [(%6)|(mm) w C |SF |Latexl S| G|SP| AE
ILMC | 35 | 58| 13 [140[400] - | 125 {960|719] - -
SF 40 |55 | 13 170139926 | - [908{757| 3.8 0.0028

Table 8 Visual rating of the concrete surface

Rating Condition of surface
0 No scaling
Very slight scaling
(3.2 mm depth, max, no coarse aggregate visible)

slight to moderate scaling

| o

Moderate scaling

(some coarse aggregate visible)

Moderate to severe scaling

Severe scaling

(coarse aggregate visible over entire surface)

1
2
3
4
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Fig. 3 Compressive strength of latex modified and high
performance concrete for bridge deck overlay
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Fig. 4 Flexural strength of latex modified and high
performance concrete for bridge deck overlay
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Fig. 5 Chloride permeability of latex modified and high
performance concrete for bridge deck overlay
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Fig. 6 Abrasion resistance of latex modified and high
performance concrete for bridge deck overlay
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Fig. 7 Reiative dynamic modulus of elasticity of

latex modified and high performance concrete
for bridge deck overlay
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Fig. 9 Visual rating of latex modified and high
performance concrete for bridge deck overlay

Aol "ofA7] wjiel mlEA gl 9l
HEbsE ARt Aol Adel we}
PEEARY A S7kekIH LMCSF

A Z3TES vIEARA i}ol
TS AAEkITE e
45 ZIYES LMCY mEA
% Aol o7t MR o

=
ox
O %L

x mlm wx
R}
Y
o

mﬁm
4_4
Lm
-

M oHe
1%
Ol
N,

Ab
X

ol

e FAA

Jeas

=
O

KS F 24660 wet 52 - 3 Ags dAsioint 48
< v 0xel gl FRAATE AN AY 2

Tz A 208 AFrete] Atk ARSI,

55.2 A9 23

AF7He 3% 1 % %ﬂﬂéel 272 . 9 A3
A3 EslAe] Hrl2 7
8 a7t A9 gl
3 aAT wH _-\,J;?g-g- —'T'—ELF'/]E HH?:]'«] =7 . g3 uli
@A Fig 734 2k A A0S duud Aol
Z7)atel) we AEslEe £33 1S ZaYEY )
ke IMC Hﬂﬁlsa} 72 A B8 Al 9o
A B% B £22 Jehidch A0cyceo] A £
= Sotoz BT g L AHE §4 3}
o ol FAgdel e HEd FEL
gom T HTh= A% b =4S
7) 5ol A - &3 Aol mje 2L A%
Atk 30cycle Fol A F&A Ass 34
EoA 98B827%, LMCAA 97.09% ¢ i
TE YERSITE

o
ol
[

3
=
i

% O
o

o]
—

o = b

U 1)

ofit ofr

&

S

S

d

56 EHER[XEY

5.6.2 A¥ A3

Fig. 9% ERReAGY0) g fetas
o|FolA kel AZR ehd Aotk Sehis A
3 7 o] BT _L,_Eﬂﬁha]zﬁfsug o] BE 9223 How
‘*E}”E* wg AgylEe TF 2asE: IMC B
Rt 6]' xig}x—]o EC’%TO}I v B4 agk mE W
18} 25 o]F 3 7] WlEd xolv =AA] &gkl

~

m>.l

6.8 £
¥ d7E sz ATY 39 TR A4, 99
Ase] dile sidsh) flsted delgkEe L;} & 14
5 W 23 2agEd ¥3 WilE E29a 4%
g2 Bt Z2agEee 9k A% 2 UTAs Hr)
g o] T A84E Wrksiin WU A vk

23cIEY D] & )| ds &It 749



S 393 aAs EaYEs W IR HLs)d ¢
3 by Aes Jehth A¥ ZAFE Qo
o3 2

D AEHEES

T ud XL 4% ZAYEY F

Hulguls A4 ol E3l
oA g—é‘&ﬂﬂﬂl% g B o] et
Huigt 047} Holx A 983 B4 wE
5, w9 ﬁﬁlxﬂ%’“’} EET °*% 5% A%
7] Bl AR 45kgm’ 02 AAEATE A
Elﬂ'fr«l ks 30}1"‘%
S HolAw A¥hgel we} A4
gom MM 4EHlE 1Y
22 6%2 AASIATL

2) BANE A9 deghEe 39 14 23YE aig
< Aol F713 whet 7k Wdo] gL
AE BN ITE2FA FAZAEAA|E}
E 45MPaE w3

3) Fho|2FFAE A AHo] Sl wet AgjdlE
% g;tgz:;} 1\4}; L':’LT—’/]E HHEI—O 148 E_L}}HO 1,].
ERASC ‘1] EX 459 1,000 coulombsE WL
=g LMC gt vlusie] AR oz $H %9 41F

Foll A Gaole FHAEA 0] 94814 Ueld
4) P 1%3 A 22 é_‘a]?hﬁ— £33 wjaolA A
Hol Ago| met FUMo| FIksle] wiRAFA GA]

78329 LMC HH“ e FAHeE Aol7h sl

5 5488 AY AAE ¥Ry 54§ Al
o] HiEEolx A7l "5 = A|3gt HH@’-‘*} LMC

ol Aol ' Aol o B %S 22 FA
HERAIH.

il

4
Ac
>
o
oX
o
_l{o
f‘-w
O
_L

X
AL
%ﬂ
riok
sl
ol

thsLo BE ,antﬂ-a
°] %@}ﬁm yHes deEe £Ud
S5k Vehgte

B2 R
ox o ox g

ol oX off J

1. Ohama, Y., “Principal of Latex Modification and Some
Typical Properties of LMC”, ACI Material Journd,
Vol&4 No.b, 1987, pp.511~518,

2. Ozyildirim, C, “High Performance Concrete for
transportation ~ Structures”, Concrete  International,
Vol15, No.1, 1993, pp.33~38.

3. Luther, M. D, “Silica Fume Concrete in Bridge”,
Concrete International, Vol.15, No4, 1993, pp.29~33.

4. Luther, M. D, Silica Fume Concrete in Bridges in
the United States, Transportation Research Record
1204, Transportation Research Board, 1988, pp.11~20.

5 Bunke, D, ODOT, “"Experience with Silica-Fume
Concrete”, Transportation Research Record 1204,
Transportation Research Board, 1983, pp.27~35.

6. Rico F, “HPC Bridge in Canada”, Bridge Views,
High Performance Concrete , 2002, No.24, pp.1~4.

7. Whiting, D. A., Detwiler, R. J., and Lagergren, E. S,
“Cracking Tendency and Drying Shrinkage of Silica
Fume Concrete for Bridge Deck Application”, ACI
Material Journal, Vol.97, No.1, 2000, pp.71~71.

8. Communicated by Chio Department of Transformation.

2

dehEe EHE 2T SAYEE

el g5

o

1’47%:2: 3 AT FFEY WY X
&4 B WA sE Arketded 29 A deitEs
HMEBO : AYsHE, 2% 2l R, 25 EIYE

_IR
\4 Olr

Jgt

gr
zﬂ/ﬂo] b\L‘_
¢ LMCS’Jr Blasted AR PR vl %%3, el AN vad e 717kl e AF%%}E At £

o] tidh Ae4S Lolry] Yste] AU Ay AAEAT. Al *‘?‘é% =1,
e 195 2adEe

=
= 958 452 BEH,

750

sl2agp eS| =28 H172 55(2005)



