


Final Report prepared for

CeraTech, Inc.

Dr. David A. Lange
Associate Professor of Civil Engineering

David Andersen, Nick Byrnes, 

December Cowen, Matthew R'Ambrosia,

Jonathan Godfrey, Zachary Grasley and Carrie Ho

Department of Civil and EnvironmentalEngineering
The University of Illinois at Urbana-Champaign

Urbana, IL

September 5,2003



The ring test was developed to observe the effects of restrained drying shrinkage. Porous
materials created with water can fall subject to volumetric changes when the material is exposed
to drymg. The loss of moisture in the pores to the surrounding environment can cause shrinkage

of the material matrix. When this shrinkage is restrained by boundary conditions (reinforcement,
fomwork, structural constraints, etc.), a residual stress is imposed on the material and can lead

to cracking. The ring test allows for a porous material to shrink against a steel ring, measure the
strain in the ring, and evaluate the crackingsusceptibilityof the material. The following section

outlines the experimental work done with the ring test and the Pavemend 30 and 60.

7.2 Experimental

The Pavemend material was mixed using Protocol C discussed in Section 3. ,Materials and

Methods, then cast into the ring formwork (two ring configurations- 0.5" and 1" thick steel ring)
and covered with plastic wrap. After two hours of curing, the forms and plastic wrap
were removed and the specimen was exposed to drying conditions of 23oC(+/-2oC) and 50% relative
humidity (+/-4%). The test was carried out for 7 d of drying. The steel strains were measured
by foil strain gages and data was collected at regular intervals for the duration of the test.

7.3 Results

In, the strain data is shown as collected from he strain gages attached to the steel ring for each
mixture. The low value of strain suggests minimal shrinkage occurred in the specimen that 

would apply a pressure to the steel ring.

7.4 Discussion

As shown in Figure 20, the strains measured on the inner steel ring surface are quite low and

confirmsthat the material undergoes very little shrinkage when exposed to drying during the first
7 d. The residual stresses calculated show low tensile, circumferential residual stress in the



specimen. This is due to the low shrinkage and high thermal expansion of the material. Both 

phenomena cause little pressure to the steel ring and therefore little strain is imposed back onto

the specimen by the steel ring. Therefore, the residual stress in the specimen is well below the

tensile strength of the material and no cracking occurred in the specimen during the testing

period. In some cases the residual stress was compressive indicating that the steel ring may not

be restraining shrinkage from the specimen, but being pulled by the expansion seen in the
specimen.

7.5 Conclusions

The ring test showed that Pavemend 30 and 60 may exhibit low drying shrinkage
behavior. Due to the high thermal expansion of the material at early ages, the extent of

volumetric changes attributed to drying shrinkage could not be confirmed.

Low residual stresses were imposed on the specimen by the steel ring. This is credited to
expansive behavior of the material that induced little pressure on the steel ring.
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Figure 20. Measured Steel Ring Strains for Pavemend 30, 60



.1 Introduction

The purpose of this experiment was to measure the bond strength development of Pavemend 30

(PM-30) and Pavemend 60 (PM-60) material mixed using protocol C. The bond strength was
evaluated using procedures adapted from ASTM C882 -99 "Standard Test Method for Bond
Strength of Epoxy-ResinSystems Used With Concrete by Slant Shear."

10.2 Experiment

ASTM C882-99 provides procedures by which bond strength is measured. The bond strength is
determined by using the repair material to bond together two equal sections of a 3 by 6-in.
portland cement mortar cylinder, each section of which has a diagonally bonding area at a 30o

angle from vertical. The test is performed by determiningthe compressive load required to fail

the composite cylinder. The bond strength is calculated as [Max Load]/[Area of Slant Surface].

In the test performed, one half of an ordinary portland cement (OPC) mortar cylinder was placed 
inside a polymer cylinder mold, and the remaining volume of the cylinder was filled with freshly

mixed Pavemend. 

To create the OPC mortar substrate, plain 3 by 6 in. mortar cylinders were cast. The mortar mix
design (SSD) was 10 lb Type I portland cement, 30 lb river sand, and 4.8 lb water. After 2 d of
curing, the cylinders to be used as substrates were sawn at a angle from vertical into two

equal sections. At 4 d, the surfaces of the sawn sections were sandblasted to achieve greater
surface texture. All of the cylinders and sections were cured at 100% RH for at least 14 d and

then removed from the curing room allowed to air dry in the laboratory for at least 2 d. The 21-d

strength of the mortar was previously determined to be in excess of the 4500 psi required by

ASTM C882-99 for the substrate material.

The composite cylinders for this experiment were fabricated by casting fresh Pavemend against

one half of a OPC mortar cylinder which had been sawn and sandblasted.

Several (typically 3) replicate specimens were tested for each Pavemend material (PM-30 and



PM-60) at ages of 0.5 hr, 1 hr, 2 hr and 4 hr. The work was conducted in a lab environment held
at The age of each test specimen is the elapsed time after the Pavemend half had set.

10.3 Results

The test program proceeded without significant problems or unusual results. With very few
exceptions, the upper portion of each cylinder failed as in compression testing before a partial or

compiete bond failure occurred. The only tests displayinga true bond failure were 0.5 hr PM-60
tests. The raw data from the tests and average bond strengths are shown in Table 1. A plot of

the average bond strengths for the Pavemend 30 and 60 are illustrated in Figure 1.

70.4 Discussion

The results show that PM 30 material develops strength more rapidly within the 24 hr after set
over which the tests were conducted. This is consistent with early strength trends in shown
Section 4. The specimens demonstrated excellent bonding characteristics, sufficiently strong to

allow the material to fail before the bond. With the exception of the very early PM-60 tests, this

trend indicates that Pavemend bonds well with OPC concrete with dry surfaces that have 
--

moderate surface roughness. 

The absorption of free water into the pore structure at the cut cylinder surface may explain the
relatively high cohesion at the interface of Pavemend with OPC mortar. Absorption at the
interface acts as a dewatering mechanism for the local mass of Pavemend to reduce the
water/binderratio. The strength of the material at the interface, and consequently the overall

bond strength, is likely significantly higher than that of the bulk of the material.

70.5 Conclusions

Pavemend material bonds well with OPC product having adequate surface texture and dryness.
The Pavemend bulk material may be expected to fail before a surface bond failure with OPC.



70.6 Tables

Table 10-1. Bond strength development of Pavemend 30,60 raw data.

10.7 Figures
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Figure 39. Bond strength development of Pavemend 30, 60over 24 hr.


