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Abstract. This research investigates the self-healing behavior of Engineered Ce-
mentitious Composites (ECC) in the natural environment. ECC specimens were 
damaged to 0.5% tensile strain and allowed to heal outdoors, under random and 
sometimes extreme environmental conditions. Resonant frequency measurements 
and uniaxial tensile tests were used to quantify the rate and robustness of self-
healing, while photo documentation was used to obtain visual evidence of self-
healing products. It was found that there was a significant recovery of resonant 
frequency and stiffness in the damaged specimens after they were exposed to the 
natural environment. Specimens were able to recover up to 90% of their original, 
pre-damaged, resonant frequency values and up to 31% and 68% of their initial 
stiffness after one and three months of exposure. Photo documentation also 
showed self-healing in cracks up to 20 �m in width. This suggests that ECC is not 
only capable of self-healing in controlled laboratory conditions, but also in the 
natural environment. 

1. Introduction

Cracks are unavoidable during the lifetime of a concrete structure. Structures di-
rectly exposed to the natural environment are susceptible to cracking not only 
from factors such as excessive loading and restrained shrinkage, but also from 
harsh environmental conditions. Cracking lowers the durability of concrete struc-
tures by creating pathways for harmful agents to penetrate the structure and poten-
tially attack the reinforcing steel or the surrounding concrete. Cracks may also 
weaken the structure by negatively impacting the mechanical properties of the 
concrete. Therefore, the development of a concrete that can heal itself and regain 
this loss of performance due to cracking is highly desirable. 

Studies have shown that cracked cementitious materials have the ability to heal 
themselves over time when exposed to water. It has been found that there is a 
gradual reduction in the permeability of damaged cementitious materials as water 
is allowed to flow through the cracks. This decrease in permeability is due to di-
minishing crack widths as cracks are filled with healing products. In some extreme 
cases with small crack widths, cracks may heal completely, thus increasing the du-
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rability of the damaged material [1-3]. However, this is rare since most cementi-
tious materials are brittle and incapable of achieving crack widths small enough to 
undergo self-healing. 

ECC is a fiber reinforced cementitious composite that has been optimized 
through the use of micromechanics to achieve high tensile ductility and tight crack 
widths. ECC has a tensile strain capacity of 3-5% and develops extremely small 
microcracks (< 60 �m) under loading [4-6]. These tight crack widths are an intrin-
sic material property of ECC and promote robust self-healing behavior that is not 
easily attainable in brittle concrete with uncontrolled crack widths. It has been 
found that self-healing can occur in ECC under controlled laboratory conditions 
[7-8], and this study builds on that research by allowing ECC to heal outdoors, in 
the natural environment, under random and sometimes extreme environmental 
conditions. 

2. Experimental investigation 

2.1 Mix proportion and raw materials 

The ECC mix proportion used in this study is given in Table 1. Type I ordinary 
Portland cement, Class F normal fly ash conforming to ASTM C618 requirements, 
fine silica sand with an average particle size of 110 �m, a polycarboxylate-based 
high range water reducer (ADVA® Cast 530), and polyvinyl alcohol (PVA) fibers 
were used to prepare the ECC material. The PVA fibers account for 2% of the to-
tal mix volume and are 12 mm in length with an average diameter of 39 �m. The 
fibers have a tensile strength of 1600 MPa, a density of 1300 kg/m3, an elastic 
modulus of 42.8 GPa, and a maximum elongation of 6%. Also, the PVA fiber 
manufacturer coated the surface of the fibers with an oiling agent (1.2% by 
weight) to reduce the fiber/matrix interfacial chemical bond caused by the strong 
hydrophilic nature of the PVA fiber [4, 9]. 

Table 1. Mix proportion of ECC 

Component Cement Fly Ash Sand Water HRWRAa Fiber 
Weight % 27 33 22 16 0.4 1.3 

a HRWRA: High Range Water Reducing Admixture 

2.2 Specimen preparation 

A batch of ECC was prepared using a force-based Hobart mixer with a 20L capac-
ity. Coupon specimens measuring 300 x 76 x 12.5 mm were then cast and covered 

149



with wet plastic sheets. Specimens were demolded after 24 hours and cut down to 
200 mm in length to minimize bending stresses caused by misalignment during 
tensile loading. Specimens were then air cured at laboratory temperature and hu-
midity (20 ± 1°C, 50 ± 5%) until testing. The day prior to testing, aluminum plates 
were glued to the ends of the coupons to facilitate gripping within the load frame. 

All specimens were preloaded to 0.5% tensile strain at an age of 3 days. Uni-
axial tensile loading was applied using a load frame (MTS Model 810) with a 25 
kN capacity under displacement control and a loading speed of 0.0025 mm/s. Two 
Linear Variable Displacement Transducers (LVDTs) were attached to the speci-
mens during loading to measure tensile deformation. When the tensile strain 
reached 0.5%, the tensile load was released and the samples were unloaded and 
removed from the load frame. 

2.3 Natural environment exposure 

After preloading, specimens were placed outdoors in a location where they would 
be fully exposed to all environmental conditions. Since this experiment took place 
in Michigan between February and May, the samples were exposed to rain, snow, 
and temperatures ranging from -14 to 28°C. 

2.4 Self-healing evaluation methods 

2.4.1 Photo documentation 

In order to obtain visual evidence of self-healing, images of cracks in the preload-
ed specimens were taken once a week. Specimens were chosen for photo docu-
mentation based on crack width data in hopes of determining the largest crack 
width capable of self-healing in the natural environment. 

2.4.2 Resonant frequency 

Resonant frequency (RF) measurements based on ASTM C215 for the longitudi-
nal mode were used to monitor the rate of self-healing in the preloaded specimens. 
Although the RF measurement technique is commonly used to evaluate concrete 
damage after exposure to freezing and thawing cycles, it has proven to be a useful 
method for determining the rate and extent of self-healing in ECC [8]. RF 
measurements were taken before and after preloading the specimens to quantify 
the amount of damage, and then twice a week throughout the duration of natural 
environment exposure to evaluate the rate of self-healing. 
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(6) Although self-healing in the natural environment is promising, it is not as 
robust as the self-healing seen under controlled laboratory conditions. 
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