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ABSTRACT

The objective of this study is to optimize the use of mineral admixtures (silica fume, fly ash, and blast furnace
slag) in high-performance concrete for bridge deck overlay. For this purpose, high—-performance concrete,
incorporating mineral admixtures, was tested for compressive strength and permeability. The Box Behnken design
was used to determine the optimum mix proportions of the mineral admixtures. The optimized mix compositions
were then technically evaluated. Test results are compare with the performance specification for high performance
concrete overlay on bridge deck. The optimum mix proportions were shown to possess acceptable properties. Also, it
is possible to save the construction and materials costs result from a reduction in actual material cost and from the

use of widely avaliable truck mixers instead of mobile mixers.

Keywords : Box Behnken Design, bridge deck overlay, high performance concrete, latex modified concrete, optimum mix design
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Table 1 Concrete mix designs for bridge decks used by state DOTs®
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Cement | Fly ash (Silica fume, 28-days Permeability |Air content | Slumn;
State (kg/ma)T (kg/m3) (kg/m®) W/ACM) Comp. strengyth (MPa) (coul.) Y (%) (in)p
Colorado (Shing et.al., 1999) 391 - 30 0.35 40 - 4-8
Colorado 365-391 | <36-39 - <0.44 31 - 5-8
Ilinois (Detwiler, 1997) 374 - 41.5 0.31 48 (14day) 540 6-8 -
New York (Alampalli, 2000) 300 88 25 0.4 6.5 7.62
Washington (FHWA-RD-00-124)] 391 44.5 - 0.39 27.6-36 (56day) 2800 6.0 -
Nebraska (Beacham, 1999) 445 445 - 0.31 55.2 (56day) 589 (56day) 6.0 -
Texas (Rall, 1999) 227-362 | 52-77 - 0.31-0.4 276 <2000 5-8 7.6-22.8
New Hampshire <1000
(Waszezuk etiil., 1999) 360 - 27 0.383 41.4-50 (56day) (56day) 6-9 7.6-13
Virginia (FHWA-RD-00-123) 332 83 - 0.45 34.5 2500 - -
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Table 2 Performance specification of bridge overly

concrete”
Type of Perfc_)rmar.me
Test method specification
concrete LQL | UQL
Air contents(%) 3 7
Compressive strength
Ll\fg&i% (MPa, at 28days) %2 -
Permeability (coulombs, at 28days)| - 1000
Bond strength(MPa, at 28days) | 1.0 -
Air contents(%6) 4 8
Silica fume Compressive strength 365 | -
concrete(7% (MPa, at 28days) )
Silica fume) | Permeability (coulombs, at 28days)| - | 1000
Bond strength(MPa, at 28days) | 1.0 -
High Air contents(%) 4 8
performance Compressive strength 296 B
concrete (MPa, at 28days) )
(Hydraulic Permeability ~ 1000
cement (coulombs, at 28days)
concrete) | Bond strength(MPa, at 28days) | 1.0 -

Table 3 Physical and chemical properties of silica fume
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Items Specific * . 2 Si0, AlOs Fex03 TiO; CaO MgO K0 Nazx0O

Type gravity | LOT | Finenessem”e) | oy | “(o5) | (%) | ©6) | o | 0 | 8 | (%)
SF 2.2 2.8 180,000 ~ 200,000 | 94.0 0.3 0.8 - 0.3 0.4 0.8 0.2
* Loss on ignition
Table 4 Physical and chemical properties of fly ash
Specific gravity Fineness (cm”g) Absorption LOI (%)
2.14 3,400 0.13 3.28
Chemical compositions(%6)
Si0z AlO3 FexO3 Ca0 MgO Na:O K20 TiOz
58.12 23.56 7.69 2.59 1.12 0.31 1.42 1.05

Table 5 Physical and chemical properties of ground gran

ulated blast-furnace slag

Specific gravity Fineness (cm¥g) Percent flow (%)

Activity index (%)

7d 28d 91d
2.91 3500 87 128 115 106
Chemical compositions(%)
MgO S03 Si02 LOI Cl’
5.568 0.12 <0.05 0.003

Table 6 Physical and chemical properties of cement

Physical Finegless Speci.fic Sta‘g)ility _ SeFting ti.me : Compressive strength(MPa)
properties (em”/g) gravity (%) Initial (min) | Final (min) 3 days 7 days 28 days
3,200 3.15 0.02 220 400 20 30 38
Chemical LOJ (%) MgO (%) SO° (%)
properties 1.5 3.0 2.0
S gy ot NHENE Ids 23ClES g &= 561
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— , Rk Ao 2ol FrUBe AR IANA TR B
A ate Specific gravity Absorption FM. 5 =0 AlElE = =
gereg Bulk |Bulk(SSD)] Apparent| (%) %3 R *é—.::: gat7] fletd FAAE AV Celldl 1
Fine 259 2.60 2.63 067 |29 A2k AV.Cell(Applied Voltage cel)e] (ATl
aggregate -
Coarse 03N N; aOH J"\lzﬂoﬂ AF 60VE 333k 6A7E &
aggregate 2.80 2.65 2.83 0.35 6.92 2 %}\_ o =7 o} T;]—
LT 2 7170 AT
Table 8 Mixture proportions (kg/m”)
Mix no.| W/B ! S/a(%) Binder | Water Cement |Silica fume| Fly ash |Blast-furnace slag| Sand Gravel
1 244.38 0(0%) 95.63(22.5%) 085(2096)
2 114.75 12.75(3%) | 127.50(30%) 170(40%)
3 159.38 0(0%) 95.63(22.5%) 170(40%)
4 189.13 12.75(3%) | 95.63(22.5%) 127.5(30%)
5 263.50 12.75(3%) | 63.75(15%) 85(20%)
6 178.50 12.75(3%) | 63.75(15%) 170(409%)
7 199.75 12.75(3%) | 127.50(30%) 85(2096)
8 0.4 55 425 170 144,50 25.5(6%) 127.50(30%) 127.5(30%) 908 757
9 208.25 25.5(6%) 63.75(15%) 127.5(30%)
10 218.88 25.5(6%) | 95.63(22.5%) 85(20%)
11 133.88 25.5(6%) | 95.63(22.5%) 170(40%)
12 233.75 0(0%) 63.75(15%) 127.5(30%6)
13 189.13 12.75(3%) | 55.63(22.5%) 127.5(30%)
14 170.00 0(0%) 127.50(30%%) 127.5(30%)
15 189.13 12.75(3%) | 95.63(22.5%) 127.5(30%)
562 SR 3eIESS| =28 M7 43(2005)
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Fig. 1 Compressive strength results

28.71 31.71

23.18 30.98

29.73 33.08
C=fly ash C+

C=slag
B- A 38.11

o

A= A=Silca fume ~ A*

Fig. 2 Effect of silica fume, fly ash, and blast
furnace slag for compressive strength

SHE 280 2 NHEEE &8s 2I2IES ZFHEH| &

Table 9 ANOVA for compressive strength

Source Sum of DF Mean F-value | P-value
squares square
A’ 60.56 1 60.56 12.34 0.0098
B 33.25 1 33.25 6.78 0.0353
C 0.061 1 0.061 0.012 0.9142
AxB 0.021 1 0.021 |4.285E-0.03| 0.9496
AxC 5562 1 5.52 1.13 0.3240
BxC 8.47 1 8.47 1.73 0.2304
Error 34.35 7 491

= 1 Statically significant at the 95 % level of confidence
A: Silica fume, B: Fly ash, C: Blast-furnace slag
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Fig. 3 Chloride permeability test results

811 920
B+ 1 is89 758
C=fly ash
C+
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B=slag
o
A- A+ ©
2317 560

As=silica fume

Fig. 4 Effect of silica fume, fly ash and blast furnace
slag for chloride permeability
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Table 10 ANOVA for chloride permeability

Source Sum of DF Mean F-value | P-value
squares square
Ax 1357128 1 1357128 | 85.03975 | < 0.0001
B 134421.1 1 134421.1 | 8.423036 | 0.0229
Cx 197192 1 197192 | 12.35636 | 0.0098
AxB=* | 170156.3 1 170156.3 | 10.66225 | 0.0138
AxXC* 270400 1 270400 | 16.94368 | 0.0045
BxC 1936 1 1936 0.121313 | 0.7379
Error |111711.3 7 15958.75

* | Statically significant at the 95 % level of confidence
A: Silica fume, B: Fly ash, C: Blast-furnace slag
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Fig. 5 Optimization of high-performance concrete for

bridge deck overlay
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Table 11 Optimum mixture proportions (unit : kg/m3)
Mix no. W/B (%) | S/a (%) |Gmax (mm)| Water Coment SF Binder A" BFS Sand | Gravel

A 136 9 110 170

B 40 55 13 170 340 21 64 908 757

C 280 21 - 123

* Silica fume, ** Fly ash, *** Blast-furnace slag,
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Fig. 6 Compressive strength of high performance
concrete for bridge deck overlay
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Fig. 7 Flexural strength of high performance concrete
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Table 12 Mix proportions of optimum high performance concrete and LMC (kg/m®)

Type of W/B S/a Gmax Binder . —
co}g?:rete 00 | © | @mm | V[ ¢ SF_ | FA | BFS | Latex | o204 |Gravel | SP" | AE
LMC 37 55 88 400 - E - 120 | 91 793 - -

A 13 136 9 110 | 170 - 908 | 757 41 | 0024

B 40 55 170 | 340 21 64 - - 41 | 0028

C 280 21 Z 123 B 42 | 0024

* Superplaticizer, ** Air entraining admixture
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Fig. 8 Chloride permeability of high performance
concrete for bridge deck overlay
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