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Abstract 

Engineered Cementitious Composites (ECC) is a newly developed fiber-reinforced 
cementitious material with substantial benefits in terms of high ductility and improved durability. 
However, so far rheological properties of ECC have not received significant attention in 
literature. This study evaluates the combined effects of extreme weather conditions and waiting 
time (WT) on rheological properties of ECC. In order to find out the combined effects of five 
temperatures (5 °C to 50 °C) and four WTs (0 min to 20 min) on the rheological properties, 
twenty trials were performed on ECC mixtures with a Fly ash/Portland cement ratio of 1.2. 
Flexural and compressive strength test results are also presented. Test results indicated that 
among the investigated temperatures, 5 °C and 50 °C have significantly different effect on the 
yield stress and plastic viscosity of ECC. However, an increase in WT up to 20 minutes did not 
significantly alter the plastic viscosity and yield stress of the fresh material, nor did it affect the 
flexural and compressive strengths of the hardened material.  
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1. INTRODUCTION 
Engineered Cementitious Composites (ECCs) are a unique class of the new generation high-

performance fiber-reinforced cementitious composites featuring high ductility and medium fiber 
content. Tensile strain capacities of 3% to 5% have been reported in ECC materials using 
polyethylene and polyvinyl alcohol (PVA) fibers with fiber contents below 2% by volume [1-3]. 
Unlike ordinary concrete materials, ECC strain hardens after first cracking like a ductile metal, 
and exhibits approximately 300 to 500 times more tensile strain capacity than normal and fiber-
reinforced concrete. Even at large imposed deformations of several percent, crack widths of ECC 
remain small, at less than 100 μm [4]. So far, very few studies have been performed on the 
rheological properties of ECC. In this paper, the effects of temperature and WT after mixing on 
plastic viscosity, yield stress, compressive and flexural strength development of an ECC mix 
were investigated.  

2. EXPERIMENTAL STUDIES 
A standard ECC mixture was prepared with water to cementitious material (W/CM) ratio of 

0.27 and a fly ash-Portland cement ratio (FA/PC) of 1.2 by mass [4]. A standard mortar mixer 
was used throughout this investigation. A temperature- and relative-humidity-controlled walk-in 
environmental chamber was used for the preparation and testing of the ECC mixtures. A 
rheometer was used throughout this investigation to measure the rheological properties of fresh 
ECC. The rheometer is fully automated and the entire experimental process was controlled by 
computer software [5,6]. The chamber was set to the required temperature level 24 hours before 
the experiment. Twenty trials were performed in total, at the five temperature levels (5 °C, 23 °C, 
30 °C, 40 °C and 50 °C) and four WTs (0, 5, 10, and 20 minutes). From each trial, three 50-mm 
cubic specimens were prepared for the compressive strength test, and three 355 mm × 50mm × 
76 mm prism specimens were prepared for the four-point bending test at 28 days.  

3. RESULTS AND DISCUSSIONS 

3.1 Plastic viscosity and yield stress 
Figure 1 represents the yield stress and plastic viscosity behavior of the ECC depending on 

WT and temperature. As seen in Figure 1(a), an increase in WT generally increased the yield 
stress of the ECC. However, increases in the yield stresses within the range of 23 °C, 30 °C, and 
40 °C were very low. However, at extreme temperatures (5 °C and 50 °C), the increases were 
very high. At zero WT after mixing (0WT), the lowest yield stress was observed at 40 °C. The 
yield stress values at 23 °C, 30 °C and 40 °C were very close to one another at all WTs. At 50 °C 
and up to 10 minutes WT, yield stress values were around 180 Pa, but this value jumped to 350 
Pa at 20 minutes WT, resulting in the highest yield stress. Figure 1(b) depicts the variation of 
plastic viscosity with WT and temperature. The plastic viscosity values ranged from 0.55 Pa.s to 
14.83 Pa.s. Increasing the temperature from 5 °C to 30 °C decreased the plastic viscosity 
gradually for all WTs, at temperatures beyond 30 °C, plastic viscosity followed an increasing 
trend between the 30 °C and 50 °C. The lowest plastic viscosity value was observed at zero 
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minutes WT at 30 °C and the highest at 20 minutes WT at 50 °C. As seen in Figure 1(b), an 
increase in WT generally increased the plastic viscosity values of the ECC.  

  

  
Figure 1: Variation of rheological parameters (a) Yield stress, (b) Plastic viscosity 

 
3.2 Compressive and flexural strengths 

The compressive strength of ECC varied from 55.0 MPa to 69.8 MPa. The flexural stress-mid-
span deflection curves for different WTs and temperatures are shown in Figure 2. A slight 
reduction in the compressive strength of ECC at the two extreme temperatures (5 °C and 50 °C) 
was observed, while increasing WT from 0 to 20 minutes after mixing did not significantly alter 
compressive strength values. In the bending test, the ultimate flexural strengths varied from 9.42 
MPa to 13.04 MPa.  

 

   
(a) (b) (c) 

  

 

(d) (e)  
Figure 2: Flexural stress mid span deflection graphs (a) 5°C (b) 23°C (c) 30°C (d) 40°C (e) 50 °C 
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The total deflection, which reflects the materials’ ductility, varied from 2.84 mm to 5.07 mm 
at the age of 28 days. The lowest ultimate deflection values were observed at 5 °C, and increasing 
WT gradually resulted in decreased ultimate deflection values at that temperature. However, for 
the rest of the temperatures studied ultimate deflections did not show any meaningful ascending 
or descending trend with WT.  

 
4. CONCLUSIONS 
 

Based on this study, the following conclusions can be drawn: 
− Shear thinning behavior was observed in the fresh ECC mix at the temperatures and WTs 

studied, and an increase in temperature resulted in a slight decrease in the degree of shear 
thinning behavior. 

− Variation of viscosity with temperature was more accentuated for the increase from 5 °C 
compared to those at 23 °C than those for from 23 °C to 30 °C and 40 °C. A slight 
increase was observed in yield stress with the increase in WT, but for 20 minutes WT at 
50 °C, yield stress increased drastically.      

− Apparently concave plastic viscosity versus temperature curves with minima around 30 
°C were observed at all WTs studied. Increasing the temperature from 5 °C to 30 °C 
decreased the plastic viscosity.  

− It was observed that ECC specimens at 5 °C and 50 °C had slightly lower compressive 
strength than those at 23 °C. However, flexural strength values did not show any evident 
trend with temperature and WT. 
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