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Abstract 

The purpose of this research is to investigate the effect of air content on the strength 
development of hybrid concrete, which contains an organic material of latex and a mineral of 
silica fume. The addition of silica fume on Latex-modified concrete (LMC) makes it possible 
to reduce the quantity of latex for an economic reason, while keeping the required performance 
for bridge deck overlay. The main experimental variables of this study are latex contents, silica 
fume contents and air contents. The results are as following:  

The measured air is higher at the fresh concrete than that at the hardened, which may be due 
to hydration and compaction. The differences of these two are between 0.5 to 3.1 %.  

The compressive strength is much higher at a specimens of less air, as expected. The 
differences of those two are low at shorter curing days but become higher at longer curing days. 
The compressive strength of hybrid concrete is much affected from air void content. The biggest 
difference is 9.7MPa at 6% of silica fume and 7% of latex. The compressive strengths increases 
as silica fume content increases at all levels and at all curing ages. This is well expected by 
filling effect and pozzolan effect of silica fume. However, there is no trend in latex content 
variation. This is, also, well anticipated in compressive strength development because of the 
flexibility of the latex component named by Butadiene. 

The flexural strength with high air and less air does not show a significant difference as 
compressive strength. The flexural strength of hybrid concrete is not affected from air void 
content. 
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1. INTRODUCTION 
Latex-modified concrete (LMC) is a good overlay material for new bridge construction in 

most conditions for its excellent physical and mechanical properties and durability. It was 
reported that latex modification of concrete provides the material with higher flexural strength, 
as well as high bond strength and reduced water permeability [1–4]. Since the introduction into 
Korea in 2000, thousands of new bridges have been overlaid with latex-modified concrete [5]. 
While it has many advantages in bridge deck overlay, the disadvantage of LMC is cost. It is 
very expensive, because it include 15% of latex and this results in 4 times of the price of OPC.  

Silica fume is used in concrete to improve its properties. It has been found that silica fume 
improves compressive strength, bond strength, and abrasion resistance; reduces permeability; 
and therefore helps in protecting reinforcing steel from corrosion [6]. Silica fume has been used 
as an addition to concrete up to 10 percent by weight of cement, although the normal proportion 
is 7 to 8 percent. Silica fume works on two levels, the first one described here is a chemical 
reaction called the "pozzolanic" reaction. The second one is filling effect of silica fume, because 
silica fume is 100 to 150 times smaller than a cement particle it can fill the voids created by 
free water in the matrix. While the concrete containing silica fume has many advantages over 
OPC, it has, also, disadvantage. It is vunerable to dry shrinkage cracking. 

The purpose of this research was to investigate the effect of air content on the strength 
development of a hybrid concrete, which contains an organic material of latex and a mineral of 
silica fume. The addition of silica fume on LMC makes it possible to reduce the quantity of 
latex for an economic reason compared from LMC, while keeping the required performance for 
bridge deck overlay. The hybrid concrete might have both properties of latex-modified concrete 
and silica fume-contained concrete.    

2. EXPERIMENTAL PROGRAMS  
The main experimental variables of this study were latex contents (3, 5 and 7%), silica fume 

contents (6, 7 and 8%) and air amount (4% and over 10%), in order to investigate the effect of 
air voids on a hybrid concrete containing organic latex and inorganic silica fume.  

2.1 Materials 
For an optimized mix proportions of hybrid concrete both of latex and silica fume were 

carefully selected from a series of preliminary tests. Latexes were made of 48 percent solid 
suspension of styrene butadiene rubber [4]. The proportions of styrene and butadiene were 66 
percent and 34 percent, respectively. Latexes are colloidal dispersions of small spherical 
organic polymer particles in water. Silica fume was a very fine powder with a very high specific 
surface area (20,000–30,000 m2/kg) and with a 94% of SiO2 content.  

The maximum size of coarse aggregate was 13mm considering the thickness of bridge deck 
overlay. The coarse and fine aggregates were crushed limestone and natural sand, respectively. 
The specific gravities of coarse aggregate and fine aggregates were 2.61 and 2.63, respectively. 
It is believed that a latex content of 15 percent is the optimum ratio for LMC, considering a 
various performance [3]. This study adopted three levels of latex contents (3, 5 and 7%), three 
levels of silica fume contents (6, 7 and 8%) and two levels of air amount (4% and over 10%) 
for a hybrid concrete. The concrete mix proportions are shown in Table 1. 
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2.2 Concrete mixing and curing  
The hybrid concrete was mixed at a fixed water-cement ratio of 39%, binder content of 

390kg/m3, and fine aggregate ratio(S/a) of 56%. An additional super plasticizer of 1.0% was 
mixed to ensure workability of hybrid concrete. An additional defoamer of 1.0% was mixed for 
4% air content concretes or was not added for high air contents of concrete. The compressive 
strength and flexural strength were measured according to specifications, respectively.  

Concrete cylinders of 100×200 were cast from each mixture for compressive strength test 
and air void test. Beam specimens of 100×100×400mm were fabricated for flexural bending 
test. After casting, all the molded samples were covered with water-saturated burlap, and left 
in the casting room at 22 Celsius and 50±2 % relative humidity. After 24 hours, the specimens 
were demolded and cured at a controlled curing room at the temperatures of 20 Celsius in 80% 
relative humidity until testing [7-9].  

An air content of fresh concrete was measured by pressure method according to ASTM C231 
[10]. An air content of hardened concrete was measured by image analysis [11]. A concrete 
cylinder specimen, having 100x200mm (4x8in), was cut into cylinder having 50mm thickness 
with a water-cooled diamond saw. One face of the sample was polished on a water-cooled 
rotating lap followed by 60, 100, 220, 320, 400 and 600 grit fixed SiC papers, and was done by 
image analysis for air void content and spacing factor.  

 
Table 1: Mix proportion of hybrid concrete 

Mix Type 
Unit Weight (kg/m3) 

SP 
(%) 

Antifoamer 
(%) Water Cement Silica 

Fume Latex Sand Gravel 

S6L3 139.4 367 23.4 24.4 971 768 

1.0 
1.0 
or  

N/A 

S6L5 131 367 23.4 40.6 959 760 

S6L7 122.5 367 23.4 56.9 948 751 

S7L3 139.4 363 27.3 24.4 970 768 

S7L5 131 363 27.3 40.6 959 759 

S7L7 122.5 363 27.3 56.9 947 750 

S8L3 139.4 359 31.2 24.4 969 767 

S8L5 131 359 31.2 40.6 958 758 

S8L7 122.5 359 31.2 56.9 947 750 
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3. EXPERIMENTAL RESULTS AND DISCUSSIONS 

3.1 Air content and air spacing factor  
Figure 1(a) and 1(b) compares the air content of fresh and hardened hybrid concrete with 

high air and less air, respectively. The air content of fresh concrete at high air was not measured 
because it exceeded 10%. The air is higher at fresh concrete than that at the hardened. The 
differences of those two are between 0.5 to 3.1 %, but they show similar trends. 

The spacing factors of the hybrid concretes were measured to be between 172 and 255 μm 
at high air content, while it was measured to be between 212 and 576 μm at less air content. 

 

    

(a) With high air content                              (b)with less air content  
Figure 1: Air contents of hardened concrete 

 

          

(a) With high air content                              (b)with less air content  
Figure 2: Air spacing factor and specific surface of hybrid concrete 

3.2 Compressive strength development 
Figure 3(a) and 3(b) compares the compressive strength development with high air and less 

air, respectively. The compressive strength is much higher at a specimens of less air, as 
expected. The differences of those two are low at shorter curing days but become higher at 
longer curing days. The compressive strength of hybrid concrete is much affected from air void 
content. The biggest difference is 9.7MPa at 6% of silica fume and 7% of latex. The 
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compressive strengths increases as silica fume content increases at all levels and at all curing 
ages. This is well expected by filling effect and pozzolan effect of silica fume. However, there 
is no trend in latex content variation. This is, also, well anticipated in compressive strength 
development because of the flexibility of the latex component named by Butadiene. The latex 
films between the hydrated cement and aggregates, specially the flexibility of Butadiene, 
affected to compressive failure mode. However, the latex film might act as bridging between 
aggregate and cement paste. 

 

   
(a) With high air content                              (b) with less air content  

Figure 3. Compressive strength development of hybrid concrete 

3.3 Flexural strength  
Figure 4(a) and 4(b) compares the flexural strength development with high air and less air, 

respectively. The differences of those two are not significant as compressive strength. The 
flexural strength of hybrid concrete is not affected from air void content. They increase as silica 
fume content and latex content increase at both cases. This is well expected by filling effect and 
pozzolan effect of silica fume and bridging effect of latex films between aggregate and cement 
paste. 

 

   

(a) With high air content                              (b)with less air content  
Figure 4. Flexural strength development of hybrid concrete 
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4. CONCLUSION 
The purpose of this research was to investigate the effect of air content on the strength 

development of a hybrid concrete, which contains an organic material of latex and a mineral of 
silica fume. The main experimental variables of this study were three levels of latex contents 
(3, 5 and 7%), three levels of silica fume contents (6, 7 and 8%) and two levels of air amount 
(4% and over 10%). The results were as following: 

1. The air is higher at fresh concrete than that at the hardened. The differences of those two 
are between 0.5 to 3.1 %, but they show a similar trends. 

2. The compressive strength is much higher at a specimens of less air, as expected. The 
differences of those two are low at shorter curing days but become higher at longer curing 
days. The compressive strength of hybrid concrete is much affected from air void content. 
The biggest difference is 9.7MPa at 6% of silica fume and 7% of latex. 

3. The compressive strengths increases as silica fume content increases at all levels and at 
all curing ages. This is well expected by filling effect and pozzolan effect of silica fume. 
However, there is no trend in latex content variation. This is, also, well anticipated in 
compressive strength development because of the flexibility of the latex component 
named by Butadiene. 

4. The flexural strength with high air and less air did not show a significant difference as 
compressive strength. The flexural strength of hybrid concrete is not affected from air 
void content. 
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