I Journal of the Korea Concrete Institute
| \VO|. 19, No. 4, pp. 393~399, August, 2007

WE HiEE 232|E| LITY ST S8t UEHY o7

MZIe" . olx|g" . REMY . MHY
DSt 2 ZAL 232 AL ZTAANE LY

An Experimental Study for Improving the Durability of Concrete Bridge Decks
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ABSTRACT Concrete bridge decks are directly exposed to the severe environmental conditions such as rain water and deicing
chemicals resulting in the freeze-thaw action and the rebar corrosion during their service life. These deteriorations of bridge decks
shorten the service life and consequently they are the major concerns of the maintenance. The high performance concrete (HPC)
deck is proposed as the alternative to minimize the deterioration problems. To develop more durable concrete deck, the performance

characteristic tests of HPC mixtures were carried out. In this study,

4 different concrete mixtures were used varying the mineral

admixtures as the cement replacement; ordinary portland cement (OPC), 20% fly ash (FA), 20% fly ash with 4% silica fume (FS),
and 40% ground granulated blast-furnace slag (BS). The design compressive strengths of HPC specimens were 27 MPa and 335
MPa, respectively. The results showed that the compressive strength of conerete did not much affect the durability of concrete. HPC
with fly ash and silica fume (FS) were turned out to have the good durability and crack resistance.
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Table 1 Chemical compositions and physical properties of cements and mineral admixtures

Ttems Chemical composition(%o) Physical properties
Types SiO, AL O Fe,O4 Ca0 MgO SO, Ig. loss | Specific gravity | Blaine (cm’/g)
orC 19.88 487 3.11 61.56 295 2.82 293 3.15 3,120
FA 52.30 2550 6.10 340 090 - 430 239 3,590
SF 93.20 033 0.53 0.10 0.35 - - 220 190,000
BS 31.88 12.64 039 42.46 6.38 3.63 0.65 292 4,930
on, FeFAe vhetae] FAHARAF 712 25 mm 3 %71S Table 49 VERHATH
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Table 2 Physical properties of aggregates Cement | Fly ash |Silica fume|Blast-furnace slag
Items Ginax Speciﬁc Absorption M OPC 160 3} i .
Types (mm) gravity %) ) FA 80 20 - -
Fine Agg. - 2.602 0.76 2.76 FS 76 20 4 -
Coarse Agg. 25 2.617 0.62 6.86 BS 60 - - 40
Table 3 Properties of admixture
Agent Main component Color Specific gravity Decrease Quantity (cement x %) Note
Superplasticizer Polycarboxylic Light yellow 1.19 20~23% 0.5~1.5% . Siﬁ?yaxdzm
Table 4 Conditions of concrete mixture
Gipox (Mm) Design strength (MPa) Ww/B Slump (mmy) Air content (%) Agent
25 27, 35 0.37~041 120~150 55+1 Superplasticizer
Table 6 Mixture proportions
Classification W/B | S/A | Water Binder (kg) Fine agg. | Coarse agg.| Superplasticizer
(%) (%) | (k&) | Cement| Fly ash |Silica fume|Blast-fumace slag| (kg) kg kg
OPC | 422 425 154 365 - - - 774 1,059 2.19
7 MPa FA 414 424 151 292 73 - - 766 1,044 2.19
FS 92 4.5 152 272 72 14 - 765 1,043 2.15
BS 423 425 150 213 - - 142 777 1,060 2.13
OPC | 356 38.9 155 436 - - - 684 1,083 262
FA 35.1 389 153 349 87 - - 674 1,067 2.62
35MPa FS 35.8 389 154 327 86 17 - 672 1,064 2.58
BS 34.1 38.7 151 252 - - 168 689 1,091 2.52
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Table 8 Properties of fresh concrete and compressive strength
of hardened concrete

.| Slump|Air content| Compressive strength (MPa)
Classification o
(mm) (%) |3 days| 7 days |28 days|56 days
OPC | 120 54 245 | 284 | 342 | 385
FA 115 52 225 | 27.1 | 338 | 416
27 MPa|
FS | 125 53 205 | 268 | 353 | 404
BS | 110 5.6 26 | 262 | 347 | 439
OPC | 125 54 30,1 | 351 | 426 | 459
FA | 130 55 300 | 343 | 424 | 486
35MPa
FS | 125 52 272 | 339 | 440 | 505
BS | 115 5.0 250 | 33.6 | 431 | 531
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Table 7 Test items
Iterns Standard Day Note
Slump KS F 2402 Mixing -
Air content KS F 2401 Mixing -
Fresh
Compressive strength KS F 2405 3, 7, 28, 56 days -
Cracking tendency AASHTO designation PP.34-98 28 days O-ring test
Length change KS F 2424 12 weeks -
Freeze-thaw resistance KS F 2456 Every 30 cycles Type a 300 cycles
Permeability KS F 2711 28, 56, 90 days RCPT
Hardened Chloride ion penetration KS F 4930 40 days ponding Penetration depth
Scaling resistance ASTM C 672 50 cycles Visual inspection
Abrasion test JIS K 7204 1,000 g, 500 cycles Taper type
Air-void Magnifying glass 28 days -
Table 9 Length change ratio
Classification Length change ratio(XlO'A)
Iweek 2weeks 3weeks dweeks 6weeks 8weeks 12weeks
OoPC —-0.64 -1.23 —-1.64 ~2.86 —3.48 —4.27 -5.06
27 MPa FA -0.70 -1.31 -1.75 -2.67 -3.20 —4.10 —4.56
FS -0.39 -0.83 -1.26 -2.36 -3.13 —4.02 —4.70
BS —-0.55 -1.14 —1.58 -2.57 -3.26 —4.25 -5.13
orC —1.58 222 -2.64 -3.64 —4.61 -5.59 -6.22
35 MPa FA -1.31 222 -2.78 -3.78 —4.17 -5.21 -5.79
FS -1.78 -2.54 -3.07 —4.01 —4.28 —-5.38 -5.84
BS -0.73 —-1.40 -2.01 -3.28 -4.32 —-5.50 —6.31
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Table 10 Results of rapid chloride permeability test

o Measurement result (coulomb) | Chloride ion
Classification -
28 days | 56 days | 90 days | permeability
OPC 2,158 1,747 1,583 Low
FA 1,953 1,453 1,173 Low
27 MPa
FS 1,299 1,032 874 Very low
BS 1416 1,079 850 Very low
OPC 1,670 1475 | 1,381 Low
FA 1,657 1,287 1,124 Low
35MPa
FS 1,153 1,054 830 Very low
BS 1,184 1,031 864 Very low
A A 240 BFNE NMEE BF02 AMgEE
Z7) H}s H EAE AMESHE Zlo] ¥R Aoz 4y
125731
E3], Zgolf4E HEo 2 £F AHEdhe 21 (FA)

& gaole EA (coulomb)e] AHNE THE AME =27
(OPC)Y 77% AEE Yehou, EFold+E A7t
E3 87 EF AHSSHe 24 (FS) 54%=E et 4
271 E-S EYdt AHshe Aol daole AR AR
S A WP e RALE Ukt 12EHaNeE
ste 274 (BS)E 47%E UEh giole JF
A& Aol AA FAHE ALE YEHT ,

olatel AFEEYH Piole IF AYHT FIE
e 2AYE Are = B9 AHME ARF
< Z/ME ¥R YE, éﬂzﬂi AEHaNEY
T Zgoloj4 st AdstES EF AMEste 24 (BS,
FS)dlA &3t & Aoz UrE}k%SEL &3 A& AHE-3)
AL A5 giole By A A5 v

7t AA ¥E& AR e

fllo
fot
]1?[_:
ok

pARE—1

-
L o=

futh
R
T

A
3.5 UERF 2Ol

droleo i ITE AY A%< 34 Eo RCPTS
L ¥x 2 KS F 49300] we}l S35t Fig. 29 A2lst
Ath 28 A3, x| matAs 35MPadl MY 24
o] AJHE BE ALR 2AMM AEAF ZHol7t Fast
= ARe 5o F9on, AFHo2E 27 MPa H ¢l
13 GEAFE Qo)) 86% FFLE YERTH

o

Chloride lon Penetrating Depth(mm)

Fig. 2 Chloride ion penetrating depth



AR dole E3AE AMEde A4S 2 Zolvt
3 vehded, E8eldiqe) £ 271 FAR R
SAHE (OPC)2 oF 87%, ZEtolof Aej7tE &%
Z7 (FSE 66%, A=2&Y v
o 57% FEOE VERGT

RCPT A& Ao} FAEH, E2HE WEZ AR
e daoles JAE] M T EABEY IAE
3 2oe 3k Abgol fEITE AL BT 9
on, 7 2ANME _:_i'élﬂlﬂl—ﬁv—“e‘ 40% (BS)>
E2tolofH 20% + A IHE 4% (FS) > F&olof4 20%
(FA) €22 YERT

o5}
™
=

e % =1 B9

3.6 8f2| XM &Y

Askgdg S48 A golad ¥ 503 5483
£ WtES 3 45 1 gigh %OL %éo}ﬂ ASTM C
672 71l w2k Hrksisin) A9

WM%%QJH%%Wﬂ&%
2o, ¥ AGHL fA 7
Jeps}. deb e E—g— 27V AL U
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Classification Survey result Rating
OPC - Overall scaling, aggregate exposing I
27 MPa FA - Scaling in the center, aggregate exposing I
FS - Aggregate exposing at the center, partially scaling il
BS - Partially scaling and exposing aggregate I
OPC - Overall scaling and exposing aggregate 111
35 MPa FA - Overall scaling and exposing aggregate III
FS - Aggregate exposing at the center, partially scaling I
BS - Partially scaling and exposing aggregate il

(a) 27-OPC

Fig. 3 Visual inspection result

(g) 35-FS
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Table 12 Test result of cracking tendency

) . Measurement result
Classification
Crack occurrence (day)|Crack width (mm)
OPC None -
FA None -
27 MPa
FS None -
BS 104 0.08
OPC 17.6 0.08
FA None -
35 MPa
FS None -
BS 8.7 0.10
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Table 13 Air void and absorption ratio

. Measurement result
Classification - - - -
Air void (%)| Density | Absorption (%)
OoPC 11.3 2.257 4.6
FA 114 2.252 4.8
27 MPa
FS 10.1 2.265 4.1
BS 10.5 2.300 42
oprPC 11.5 2.238 4.8
FA 11.0 2276 4.4
35 MPa
FS 10.7 2..266 4.6
BS 11.2 2.301 4.5
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(c) 27-FS

(e) 35-OPC (f) 35-FA

Fig. 5 Microscope images

A a5 Etolol4l 20%9h d2ThE
4%E A= A}ﬂﬂb 357k 78 w3
o Ao s, Gl AF Algg AAjst
2 A8 lar*df;} 741@-1011:}.

—

o

Ing

1. HPC Bridge News, FHWA and NCBC, http://hpc.thwa.dot.gov.
2. MY, oA Y, AalE, EIYE =& vigne] 48
2 A FE e B A, ST04-03, F=HEZFAL &

WE7149, 2005, pp.ds5~157.
3. H. G Russell, R. A. Miller, H. C. Ozyildirim, and M. K.

(h) 35BS

Tadros, Compilation and Evaluation of Results from High
Performance Concrete Bridge Projects, FHWA-HRT-05-
060, Federal Highway Administration, Washington, 2005.

4. Yunping Xi, et al, Assessment of the Cracking Problem in
Newly Constructed Bridge Deck, CDOT-DTD-R-2003-3,
Colorado Department of Transportation, Denver, 2003.

5. Edwin G. Burdetee, Rohi Salem, Development of High Per-
Jformance Concrete Mixture for Tennessee Bridge Deck,
TNSPR-RES1236, Tennessee Department of Transportation,
Nashville, 2005.

6. AE, g E, olFA, A8, “FER E3AE A
49 T ZAYEL] FEEA”, HIEET}I] =7
F, 238 6A%, 2003, pp.1133~1141.

(2]
L~

2HYarR Y X3 BS) dEiA W A8g A

2 o a¥F uigRe F& 17 st AT 2 ok
Z50] e Aot o|& 3, W vt thE Fa A
T2 A A wEFe tiNE oiebae] A2 Ay

I FEAZE (high performance concrete, HPC)7| there.

H 2T EY Uit 3T Aol FPEHAUT E

2) AHE F7] 20%2] FEetelo4] XZHFA), 3) 20%°] =

87 27 (5484, 95 °mx1>oﬂ ARAOR =
o T

g shel, a4

e s whersia) s e 1 oot
AN, 2 e REAE ] A, NG

ol AL BjE WaE & 4714, 1) REAME (OPC),

olhist 4% HeI7HE AT (FS), 2E 4) 40%2] L

Hlw #H7LE AI;\lg}oﬂocq A}.Q.E] A A 01-17h:‘— 7t

Y AT

7} 27 MPas} 35 MPaolt}. TivEadles A8 AU A3 AT I SPIA BEE SVIE Angs

EZIAE AL = A o] Ul Ao =

ML Mo

M0 : WS HIEE, 18s2JUE, H7E, 20t

}ﬂl
iy

w
e

91
|

ol
1
\od
L
3J

s3] Bap %, Tepoleldlel AeAES W
g9l Aow e,

ne ulsiE 22 LTy ST 2 AET ot | 399



