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SUMMARY

I. Title

A Study for Improving The Mechanical Construction of Cement Concrete

Pavement Considering Structural Performance

II. Goal and Necessity of Study

Currently national highways are constructed mainly with jointed concrete
pavement. Jointed concrete pavement constructs joints through artificial cutting
at regular intervals to suppress early damages on pavements by controlling
tensile strength within slabs caused by drying shrinkage, heat of hydration and
frictions with supporting base after laying concretes. However, the creation of
joints within pavements caused by joints contains structural weakness thus it
becomes the cause for spalling, faulting which are typical damages on jointed
concrete pavement and this results in reducing serviceability of pavements and
spending considerable costs for maintenance. Therefore, there requires new
construction methods for securing structural stability and serviceability on
jointed concrete pavement which takes most of domestic concrete pavements.

Thus, research on the advanced technologies throughout the world and relating
data has been collected in this study. The effects of Pre-Cracked Devices were
examined by pursuing a test pavement for road construction sites. From this
analysis a prototype was developed, which has made up for the device’s weak
points. Through this research, patents and utility models were applied for. In
addition, the thermal expansion coefficient, drying shrinkage, frictional factor and
other physical properties were experimented to estimate a rational joint spacing

for concrete pavement.
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III. Details and Scope of

Study

This study performed studies based on the followings as a study for

achieving the final goal of the study for developing pre-cracked device and

construction methods, presenting appropriate joint spacing for extending service

life and securing optimal serviceability and presenting standard on using

membranes.

Subject of Research

Scope

m Development of Pre-Cracked
Device and Construction method

- Researched on the advanced technologies
overseas and collected relating data

- Analysis on Pre-Cracked Device(P.C.D)
trial products’ performance through test

pavement for road construction sites

- Pre—Cracked Device prototype developed

- Applied for patents and utility models on
the development of Pre-Cracked Devices
and construction methods

- Indoor experiment on testing the physical
property of concrete(thermal expansion
coefficient, drying shrinkage)

- Qutdoor experiment on testing the physical
property of concrete(frictional resistance)

- Calculation of reasonable distance between
joints using Pavement Analysis

- Test pavement for road construction site
Plan established.

_1X_



IV. Study Results

B Research and data collection on advanced technology overseas

Acquired advanced technical skills after recently participating in the
“International Conference on Optimizing Paving Concrete Mixtures and
Accelerated Concrete Pavement Construction and Rehabilitation”, which was held
in Atlanta, USA. Analysis was recently done about the tendency of research on
concrete pavement in USA was done to be used in this study.

By the latest observation on the pavement conditions of American highways,
they were using both concrete and asphalt pavement where the conditions were
fine. In the case of cement concrete pavement, they used Diamond grinding

construction method, which creates low noise and better roadability.

B Analysis on Pre-Cracked Device(P.C.D) trial products’ performance through
test pavement for preliminary movement sites

From the test pavement for preliminary movement sites that was executed in

the first year, physical propefties of concrete slabs. These measurements were

used to analyze the performance of Pre-Cracked Device(P.C.D) trial products.

- From the test results, we have verified that the P.C.Ds shows greater
efficiencies when the height of the device is higher. The uniformity of the
crack demonstrated better functioning when the groove was deepened, using
a Press Device.

- To examine the characteristics of the Load Transfer Efficiency(LTE) between
concrete slabs, FWD(Falling Weight Deflectometer) was used to perform a
test for impact loading. Results turned out that the Load Transfer Efficiency
were low in the order of dowel bar, pre-cracked device and also showed that
as the inductive wall height was lower the performance of the Pre-Cracked

Device was superior.



M Development of Pre-Cracked Device Prototypes

As a result of performing test pavement for road construction sites after
manufacturing prototypes of Pre-Cracked Devices, problems such as inferior
construcability and low load transfer efficiency occurred, including an issue that
happened in the connection part where the pre-cracked induced walls and the

surface met at the time when concrete was placed.

Also, other various problems, including the pre-cracked induced walls thrust
effect that took place. These problems were examined and given consultations
from specialists, in order to fix the problems from the trial product and a new

prototype was modeled.

height of height from
Class . . Improvements
inductive wall(mm) bottom (mm)

+ deformed bar was used
100 70 for the baseplate
(fixation problem solved)

improved trial
product

- perpendicular supporting
rototype( I) 50 120
p yoe( plate edge was removed

« Installed a steel round
bar(12mm) for the role

prototype(II) 50 150 of the dowel bar

- perpendicular supporting
plate edge was removed

Also, from the results of the first year test pavement, cracks were inducted at
the area where the joint—pressing process was performed. A Pressing Device
that could enhance the ability of the Pre~Cracked Device was planned taking

the results into account.
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B Patents and utility models applied on the development of Pre-Cracked
Devices and construction methods
(DInductive Device of Expansion Joint and Working Method
- Even if the concrete has not gone through a period of curing, a joint can
be formed in the early stage of placing concrete. This patent mentions that
the construction process, followed by joint formation, should be more
simple to decrease the construction period and costs by the use of a

Pre-Cracked Device and utilizing this device in the construction method.

@Press Device and Travelling Apparatus for Forming Expansion Joint and
Working Method
- The patent was on a construction method using a Pressing Device, which
increases the ability of the Pre-Cracked Device. Since joints can be
constructed at the state of when concrete is a fluid, it can minimize the

change in the concrete’s quality.

M Indoor experiment on testing the physical property of concrete (thermal

expansion coefficient, drying shrinkage)

In this study, thermal expansion coefficient and drying shrinkage tests were

performed for researching experiments and analysis, which were done to

improve the performance of the Jointed Concrete Pavement.

- In the case of the thermal expansion coefficient, environmental factors such
as the type of coarse aggregate, mixing ratio, humidity, temperature and so
on affected the change of the coefficient. Especially coarse aggregate was
observed to have a greatest influence in changing thermal expansion
coefficient by these factors.

- Due to the difference in drying shrinkage of the upper and lower portion of
the concrete slab non—uniform drying shrinkage happened. A model equation
was made so that the change of drying shrinkage could be estimated by the

age and depth of the slab. This equation was derived from the earlier

- Xl -



proposed equation on the estimation on drying shrinkage of KPRP.

B Outdoor experiment on testing the physical property of concrete(frictional

resistance)

Through analyzing various concrete slabs based on subbase and friction tests

within the subbase, a plan on the usefulness of constructing a

membrane(polyethylene sheet) and standards are going to be proposed.

- Through the results, a membrane(polyethylene sheet) gave a decrease in
friction factor.

- In the case of asphalt subbase the concrete slab and asphalt layer sticked so
that tensile failure had occurred on the asphalt layer. Also, showing a high
coefficient of friction.

- In the case of lean concrete subbase, after the maximum of static friction
force, the friction factor decreased greatly.

- By simulating a wetting condition between the concrete slab and subbase
layer, it was observed that the coefficient of friction wasn’'t affected much by

humidity.

B Calculation of reasonable distance between joints using Pavement Analysis
In this study the joint that establish Pre-Cracked Device and the joint that
establish Non-Dowel Bar, which has similar mechanisms were observed. There
was a gap between joints where the Load Transfer Efficiency was greatly
decreased. Furthermore, this became the standard of evaluating the reasonable
distance between joints.

- Closer distance bhetween joints were examined from the areas where the
temperature is similar throughout the year compared to the areas where the
year temperature varies. Also, all regions showed a longer gap than the length
of 6m, which is a standard value used in our country.

- The factor that mattered in deciding the joint gap in a certain region was the

highest and lowest temperature and variation in humidity.

- Xl -



Bl Test pavement for road construction sites Plan established.

For the main purpose of this study, which is the development of the

Pre-Cracked Device and construction method, plans on making 2 trials of test

pavement for road construction sites were established.

~ The route, in which the experimental pavement is going to be executed, was
chosen to be the newly constructing Daejeon ~ Dangjin and Seocheon™GongJu
freeway’s concrete pavement sector.

- Various Pre-Cracked Device and Pressing Devices are going to be used on
the 300m of pavement for the test pavement.

- Through test pavement long and short period follow-up surveys are planned.
Also, the performance of Pre-Cracked Devices and general dowel bar sections

will be compared and analyzed.
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V. Plan on utilizing the results of study

This study is a base study for "Performance enhancing construction of
cement concrete paving taking into account structural performances” and it
is planned that the results of study from the second year will be utilized in
the following ways in the following year.

- Problems were found and solutions were given for the functionality test for
the Pre-Cracked Device trial product that was performed that year. Through
this analysis a prototype was developed. The newly developed Pre—Cracked
Device prototype was applied to the next year’s research on improving the
performance of concrete where it was used to do a follow-up survey and

analyze effects on test pavement.

- Indoor experiments on testing the physical property of concrete (thermal
expansion coefficient, drying shrinkage) and Outdoor experiments on testing
the physical property of concrete(frictional resistance) were performed.
Through these experiments analysis the reasonable distance between joints
were estimated. And a test pavement for road construction sites was
performed by using that year’s Pre-Cracked Device prototype. From this, a
standard joint distance is going to proposed for the life extension and

optimized performance on concrete slabs.

~ Experiments on testing the physical property of concrete were done on the
change in friction for concrete slabs and each subbase where the
membrane(polyethylene sheet) exists and doesn’t exist. From this a standard
for membrane(polyethylene sheet) is going to be given for the use of

domestic concrete pavement.

- The first year’s and current year research results are going to be used for
future purposes and test pavement for road construction sites, follow—up
surveys, use and optimization of new technology, for the use of joint
enhancement in performance, are going to be derived. Lastly it will be used

for the design and construction manual for pre-cracked induction method.
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# 38 7E LE 42 HA =4

Approximate |East/west end .
station(m) of test Bottom/top Size

933+74 West Top 51-mm(2.0in.) plate
934+10 East
934+74 West Top 44.5-mn(1.75-in.) plate
935+10 East
935+74 West Top 38.1-mu(1.5-in.) plate
936+10 East
936+64 West Bottom 76.2-mm(3.0-in.) plate
937+00 East
937+64 West Bottom 70-mm(2.75-in.) plate
938+00 East
941+44 West Bottom 64-mn(2.5-in.) plate
941+80 East
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