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A study on easy to repair expansion joint for bridge maintenance
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ABSTRACT

As the maintenance expansion joint work progresses in order of breaking
concrete, replace whole products, pouring and curing concrete for long time, the cost is
uneconomical and it is difficult to expect concrete strength due to lack of curing
time ,also it makes serious traffic congestion. Therefore we researched easy method
for maintaining expansion joint and introduce Free Repairing Joint which is able to
replace drainage sheet only. Free repairing expansion joint, FRJ (1) is able to enhance
waterproof with whole mass drainage sheet without segment, (2) is able to replace
drainage sheet without traffic control during maintenance with detachable upper plate
of expansion joint and wire inserted into drainage sheet, (3) is able to save replacing
time and cost with easy replacement system of FRJ, (4) will improve the durability of
bridges with shortening the maintenance cycle.

1. INTRODUCTION

As a bridge facility for accepting swelling-shrinkage movement of superstructure
caused by temperature and drying, creep shrinkage between bridge decks and for
preventing water leakage with drainage sheet, bridge expansion joint is important
device for bridge durability and stability. With the course of time, drainage rubber sheet
in expansion joint is torn out and has lost its waterproof function by a burden of dust
and debris. As a result of drainage sheet damages, water leakage cause second
damages to substructure such as concrete corrosion and degradation, bridge bearings
damages. Therefore maintenance of expansion joint is essential for bridge durability.
Maintenance expansion joint work progresses in order of breaking concrete, replace
whole products, pouring and curing concrete for long time. Also it needs traffic control

Y Senior researcher
% Head of research center
% Executive director
) Head of research center


mailto:s0017771@naver.com
mailto:isolators@naver.com
mailto:soonpark@empal.com

The 2017 World Congress on
Advances in Structural Engineering and Mechanics (ASEM17)
28 August - 1 September, 2017, llsan(Seoul), Korea

which causes traffic congestion. In spite of rubber drainage sheet damages only, the
work needs much time and cost. Therefore we researched easy method for maintaining
expansion joint and introduce Free Repairing Joint which is able to replace drainage
sheet only.

2. Cause of water leakage in expansion joint and Influence on bridge

2.1 Cause of water leakage in expansion joint

Water leakage in expansion joint accelerates concrete degradation, therefore
several countermeasures were promoted for long time such as “Review of installing
waterproof device between expansion joint segments”(Korea Expressway Corporation,
2008), “Measure of installing drainage device under expansion joint’(Korea Expressway
Corporation, 2012), “Measure of improving expansion joint durability and minimizing
substructure degradation”(Korea Expressway Corporation, 2014). Expansion joint is
manufactured in segments and installed with coupling on site, as shown in Fig.1.
Although many couplings have been developed for perfect waterproof, they have not
been a fundamental solution due to the fragile segments part of leakage. Another
cause of leakage is damages of drainage sheet by dust and debris. With the course of
time, rubber drainage sheet in expansion joint is torn out by a burden of dust and debris,
as shown in Fig. 2.

Fig. 1. Expansion joint segments Fig. 2. Burden of dust and debris

2.2 Influence of leakage in expansion joint on bridge

With the drainage sheet damages, water leakage cause second damages to
substructure such as concrete corrosion and degradation, bridge bearings damages, as
shown in Fig. 3, Fig. 4. As a result of the sampling survey of the expansion joints in 4
branch offices of Korea Expressway Corporation, the maintenance cost of deteriorated
parts, such as bridge substructure, bridge deck, bridge bearings has increased steadily
by about 200% over the past five years, as shown in Fig. 5. (Korea Expressway
Corporation, 2015)
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Fig. 3. Concrete degradation in Fig. 4. Leakage and. bridge bearings
substructure corrosion
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Fig. 5. Maintenance cost of deteriorated part caused by expansion joint leakage
(Korea Expressway Corporation, 2015)

3. Problems while expansion joint maintenance

3.1 Influence of traffic control while maintenance

In order to replace damaged expansion joint on road in use, the traffic should be
controlled and expansion joint should be replaced sequentially one lane by one lane.
Although replacement work is conducted for 8 hours, from 10 PM to next morning 6 AM
when the traffic volume is row, civil complaint caused by the lane blockage appeals and
it makes serious traffic congestion, as shown in Fig. 6.
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3.2 Replacing time and cost

After traffic control, maintenance expansion joint work progresses in order of
breaking concrete, replace whole products, pouring and curing concrete for long time.
As a result of the sampling survey of the expansion joints in 4 branch offices of Korea
Expressway Corporation, drainage sheet damages were the most common reason of
expansion joint replacement by 75%. (Korea Expressway Corporation, 2015). In most
expansion joints, as the main body and the rubber materials are integrally formed, it is
Impossible to replace them separately, as shown in Fig. 7. Although the main body is
able to be used, it has to be replaced entirely and the entire replacement cost is
uneconomical. In addition, as concrete must be broken, re-poured and cured in a short
time for replacement, it is difficult to expect concrete strength due to lack of curing time,
which causes another problem such as cracking of concrete, even if rapid hardening
concrete is used.

Fig. 6. Traffic control sequentially Fig. 7. Replacing whole expansion joint

4. Measures for expansion joint leakage
4.1 Development of excellent waterproof and easy maintaining expansion joint

Features of FRJ

| il

Whole mass drainage sheet without
segment is able to enhance waterproof.
. With detachable upper plate of expansion

joint and wire inserted into drainage sheet,
FRJ is able to replace drainage sheet only
at the ends of the road, without traffic
control during maintenance.

Detachable ¢
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Wire —

Whole mass ‘
drainage sheet

Fig. 8. Composition of FRJ
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Replace drainage sheet without traffic control Replace old and new drainage sheet at the same time

Fig. 9. FRJ drainage sheet replacement system

How to replace the damaged drainage sheet in expansion joint :
1) Detach the upper plate of expansion joint in the median strip and road shoulder part.
2) Connect the wire in old drainage sheet to Winch at the road shoulder. (Detail "B")
3) Connect the wire in new drainage sheet to the wire in old drainage sheet at the
median strip part (Detail "A")
4) By pulling the wire in old rubber sheet with the Winch at road shoulder, old and new
drainage sheets can be replaced at the same time at the ends of the road without any
traffic control.

4.2 Research for waterproof

In order to confirm the excellent waterproof property and easy replacement of the
drainage sheet, the shape of connecting part between drainage sheet and expansion
joint body was compared with the Circular-shape and the Typhoon-shape.
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Circular-shape  Typhoon-shape

Fig. 10. Detail of connecting part Fig 11. Leakage test

As a result of replacement / leakage test, both types were easy to replace but
Typhoon-shape were excellent in waterproof property.

Descript Shrinkage test Extension test
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Fig. 12 Expansion joint quality test (SGS Korea)

As a results of 2,500 shrinkage / extension tests and leakage test according to KS
F 4425, durability and waterproof property were confirmed as "No abnormality / no
leakage" for Typhoon-shape expansion joint authorized in SGS Korea. In addition, as a
result of repeated test with 2,000,000 times of fatigue test according to KS F 4425, the
reliability was confirmed as "No abnormality” for Typhoon-shape expansion joint
authorized in SGS Korea. (Test Report CMT2017-0364)
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4.3 Replacement time and maintenance cycle

The drainage sheet replacement test was carried out under the same conditions
as in the field using a rubber sheet replacement equipment (Winch) to check for smooth
and rapid replacement.

Fig. 13 Drainage sheet replacement test (SGS Korea)

As a results of drainage sheet replacement test, It took 40 seconds to replace
2.8m of drainage sheet (14 seconds to replace 1.0m) and it was confirmed that it was
replaced smoothly and rapidly (Test Report SGSBEL 1702-1). With the course of time,
drainage rubber sheet in expansion joint is torn out and has lost its waterproof function
by a burden of dust and debris. However, easy replacement system of FRJ is able to
shorten the maintenance cycle and it will improve the durability of bridges.

5. CONCLUSIONS

Water leakage in expansion joint accelerates concrete degradation, therefore
several countermeasures were promoted for long time but they have not been a
fundamental solution due to the fragile segments part of leakage and drainage sheet
damages by dust and debris. Moreover, as the maintenance expansion joint work
progresses in order of breaking concrete, replace whole products, pouring and curing
concrete for long time, the cost is uneconomical and it is difficult to expect concrete
strength due to lack of curing time, also it makes serious traffic congestion. Therefore
we researched easy method for maintaining expansion joint and introduce Free
Repairing Joint which is able to replace drainage sheet only. Free Repairing expansion
joint, FRJ (1) is able to enhance waterproof with whole mass drainage sheet without
segment, (2) is able to replace drainage sheet without traffic control during
maintenance with detachable upper plate of expansion joint and wire inserted into
drainage sheet, (3) is able to save replacing time and cost with easy replacement
system of FRJ, (4) will improve the durability of bridges with shortening the
maintenance cycle.
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