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1. INTRODUCTION

By quotation request with identification MII/081925 the Ministry of Transport,
Public Works and Water Management, Directorate-General for Public Works and
Water Management, Centre for Transport and Navigation (DVS) invited the Delft
University of Technology to submit an offer for execution of LINTRACK research
into the performance of five silent expansion joint systems for concrete bridges.
The University submitted her offer with identification MH 29/08/08 on August 29
2008. September 15 2008 the DVS accepted the offer and contracted the
University to execute the research by assignment with identification 31010232.

The research aims to subject expansion joint systems to loadings that closely
resemble the loadings that these systems experience in real bridges. The
expansion joints in this research are all bituminous; because of the risk of rutting
it was therefore chosen to test at elevated temperatures. A test setup including
full scale bridge sections was constructed. This setup is and the test protocol is
extensively discussed elsewhere; Huurman M. & Moraal J., LINTRACK research
into expansion joint behaviour, Test setup, protocol and measurement plan,
report 7-08-202-2, September 2009.
The LINTRACK test is part of the DVS contest "“Silent Durable Joints”
(www.rijkswaterstraat.nl/ipw). The research concentrates on the four best
innovative joint systems. A reference joint system is also involved.

1 Reference joint system: Multi-joint (Smits Neuchatel)

2 Innovative joint system #1: Prefab Silent Joint (Salverda)

3 Innovative joint system #2: KLK Joint (Van Kessel, Latexfalt & Kraton)

4 Innovative joint system #3: Brain Joint (Heijmans)

5 Innovative joint system #4: Prismo Joint (Prismo)

The goal of the research is to rank the performance of four innovative joint
systems, i.e. the latter joint systems in the above list. The reference joint
system, i.e. the first in the above list, is applied frequently in the Netherlands.
From practise it is known that asphaltic plug joints, such as the reference joint
system, have an average service life of approximately 3 years. The reference
joint is incorporated in the research to serve as a bench mark.

Test results for the five joint systems are reported in five separate reports.

Hereafter the LINTRACK performance test on the Multi-joint is discussed. First
the Multi-joint is described in Chapter 2. Thereafter Chapter 3 discusses the
construction of two the Multi-joints in the LINTRACK facility. Chapter 4 is the
main body of this report and discusses the results of the accelerated joint test.
Similarly Chapter 5 discusses static tension test results. Finally in Chapter 6
conclusions and recommendations are listed.
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2. DESCRIBTION OF THE PREFAB SILENT JOINT

The Prefab Silent Joint system basically consists of two steel profiles placed
parallel to each other. Between the two profiles springs are installed. The profiles
act as a framing and allow prefab installation of a bituminous joint body that
buries the springs. The joint body consists of a course single sized mineral
skeleton in which a bituminous binder is worked in.

e L

Figure 1. Left: Prefab Silent Joint element t coractor.;' yérd. R)ht: prfab
element anchored to concrete substrate at LINTYRACK site.

The Prefab Silent Joint is installed in a cut or milled trough and anchored to the
substrate. Hereafter the prefab element is buried using a mixture of single sized
stones and worked in binder. Finally the surface is provided with small size
chippings to provide a joint surface with ample resistance. Figure 2 gives a
schematic cross section of the completed Prefab Silent Joint system. In the
LINTRACK test the Prefab Silent Joint 500 Resa S was tested. This joint has a net
distance between the parallel profiles of 500 mm.

Surfacing
structure

Figure 2.  Cross section of the Prefab Silent Joint system (not to scale).

For further information about the Prefab Silent Joint system reference is made to
Appendix A.
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3. JOINT SYSTEM INSTALLATION

Reference is made to Appendix B where a photo report of the Prefab Silent Joint
installation can be found. Here the most important installation issues are
discussed.

The in situ thickness of the surfacing structure on the concrete bridge decks and
the bridge end support is approximately 110 mm. A concrete repair mortar was
used to ensure that the prefab element would be installed on a levelled surface.
Application of the repair mortar also gives control over the joint construction
height.

Before installing the prefab element a metal strip is installed to bridge the actial
joint. This strip is held in place by application of bituminous binder. Anchoring of
the prefab element is given ample attention. A soft bedding material is applied to
ensure that the outer edges of the metal profiles make good contact with the
substrate.

After installation of the prefab element the two outer springs of the joint system
are installed. Hereafter the trough that now contains the prefab element is filled
with bituminous joint material to level the surface of the prefab element.

After cooling the complete system is buried with bituminous joint material.
During construction of this final layer attention is given to obtaining a properly
levelled joint. Hereto the heated single sized aggregates are worked into the
trough and levelled by hand. Only when the skeleton surface is properly levelled
the bituminous binder is worked in.

Finally small size chippings are applied to obtain a good looking surface with
ample skid resistance.

Figure 3 gives an impression of the finished Prefab Silent Joint systems in the
LINTRACK test facility.
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F/'g 3. View on the two Prefab Silent Joint systems installed in the LINTRACK
facility before trafficking. Left: closed joint, referred to as joint -13 mm. Right:
opened joint, referred to as joint +13 mm.
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4. ACCELERATED JOINT TEST RESULTS

4.1 Introduction
Reference is made to (1) for an elaborate description of the test setup, the test
protocol and the measurement plan.

4.1.1 Pre stressing the joint system

The test protocol demands that joints systems are installed with a 50 mm
spacing separating the bridge decks and the central bridge end support. Before
further testing one joint is opened to +13 mm, while the other is closed to -13
mm. These deformations are to be applied without damaging the joint system.
For this reason the protocol prescribes that joint pre stressing should take place
at 30°C. Displacement rates should not exceed 10 mm/hour.

Closing of the -13 mm joint did not result in any visible damage.

After opening of the +13 mm joint a small surface defect appeared. The defect
was hardly visible and appeared to be a non continuous crack in the surface
treatment. During trafficking the defect became more visible without growing or
progressing.

The defect was located over a thermo couple that was installed into the joint
system after its completion and before its opening. Installation of the thermo
couple required the drilling of a small horizontal drill hole approximately 15 mm
below the joint surface.

Figure 4 gives an impression of the described defect.
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Figure 4.  Surface defect in +13 mm jo/t befor trafficking eﬂ‘ and at the end
of trafficking (right).

4.1.2 Completed loadings

Testing of the Prefab Silent Joint system came to an end after completion of
85,000 load repetitions following the protocol summarised in Table 1. The reason
for stopping the test before completion of the protocol was not related to the
performance of the joint system. The reason for ending the test was the
development of depressions in the surfacing structure of the bridge deck just
adjacent of the joints, see section 4.4.2. These depressions caused undesired
dynamics that became a threat for the LINTRACK test facility.

Table 1.  Summarised protocol.
Number of load repetitions
0-20000 | 20001-40000 | 40001-60000 | 60001-80000 | 80001-100000
Wheel load | 3.5 tonnes | 4.5 tonnes 4.5 tonnes 5.5 tonnes 5.5 tonnes
Temperature 30°C 30°C 35°C 35°C 40°C
LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 7
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4.2 Joint temperatures

For registration of the joint temperature four thermo couples are installed in each
of the tested joints, see Figure 5. Two thermo couples register the temperature
at the bottom of the joint under the wheel path. These couples (#1 and #2) are
installed at the interface between repaired concrete substrate and the joint body.
At the outer edges of the joint body thermo couples are installed approximately
15 mm below the surface (#3 and #4). These latter thermo couples are located
approximately 100 mm into the joint body.

Top view of isolated joint, with View A, joint on concrete work and
indication of wheel path and indication of thermocouple locations.
thermocouple<I£cat|ons. H#4

"
#4

View B, joint on concrete work and
indication of thermocouple locations.

= #3 o
t ' A
#3
[ ]
‘B
Figure 5. Location of four thermocouples that register joint system

temperature.

From the registered temperatures the joint surface temperature and the joint
bottom temperature is determined. From these values the average joint
temperature and the difference between the surface and bottom temperature is
determined. Registered values are listed in table 2.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 8
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Table 2.  Registered Joint temperatures (standard deviation between brackets).

Wheel load repetitions [-]

0- 40,001- 80,001-

40,000 80,000 100,000
Teurrace [°C] | 30,1 (0,6) 34,3 (1,9) 40,0 (0,6)
-13 mm Tohotum [°C] | 30,6 (1,2) 37,6 (1,9 43,1 (1,7)
joint system Tioint [°C] | 30,4 (0,8) 36,0 (1,5) 41,6 (1,0)
Tsurface™ Thottum [OC] '0/5 (1/0) '3/4 (2/5) '3/1 (1/5)
Teurrace [°C] | 30,4 (0,8) 34,2 (2,4) 40,7 (0,8)
+13 mm Tohotum [°C] | 30,4 (1,3) 36,7 (1,5) 43,7 (1,3)
joint system Tioint [°C] | 30,4 (1,0) 35,4 (1,6) 42,2 (1,0)
Tsurface™ Thottum [OC] 0/0 (1/0) '2/5 (2/2) '3/0 (1/0)

Where; Teuace: temperature at joint edges 15 mm below the pavement surface [°Cl; Toottum:
temperature at the bottom of the joint system in the wheel path [°C]; Tjene: Joint temperature,
i.e. average of four thermocouples [°C].

Registered temperatures indicate limited temperature variations with time. Reported values are
average values.

4.3 Joint movements

The movements of the bridge decks under wheel loadings are monitored using a
total of 7 LIPS (Linear Inductive Position Sensor) per bridge deck. A graphic
impression of their location is given in Figure 6.

Ve#l $ver
Whesl
travel direction
Tst#l
+“>
ol Py
Lsa L2} Central
Vs#l VsH2 bridge end support

Figure 6. Movements of the bridge decks are monitored by 7 LIPS.
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In principal the bridge deck and thus the joint between bridge and central bridge
end support has 6 degrees of freedom, i.e. Lateral, transversal and vertical
translation and rotation about the lateral, transversal and vertical axes. This
implies that 6 LIPS give all information required to reconstruct joint movements.
However, to ensure proper measurement of the joint movements it was decided
to use more sensor than required. To make optimum use of these sensors and to
limit uncontrolled lateral movements of the bridge deck sliders that restrain
lateral movement of the bridge sections were installed.

Due to the nature of the bridge deck and the effects of the installed slider only
three types of joint deformations of magnitude occurred in each individual joint
system test.
1 Vertical movements
When the bridge deck is pushed down as a result of the overhead wheel
load the joint system sitting between the bridge and the bridge end support
is subjected to a vertical movement. See Figure 7 for visual explanation.

2  Rotation about transversal axis
Vertical deformations are largest at the bridge end support. As a result
vertical deformations cause rotations about the transversal axis. See Figure
7 for visual explanation.

Rotation about
transversal axis

Vertical
movement

End

support
<«——Flexible bridge support

Figure 7. Visual explanation of vertical deformation and resulting rotations
about the transversal axis.

3  Translation about longitudinal axis
Wheel loads are travelling the 3 m wide bridge decks at V4 - 34 of the deck
width. As a result minor rotations about the longitudinal axis may develop.
See Figure 8 for a visual explanation.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 10
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Rotation about
longitudinal axis

Bridge deck

Flexible bridge support —>

Bridge end support

Figure 8. Visual explanation of rotation about the longitudinal axis resulting in
joint deformations.

The following joint deformations were registered at the centre of the joint
system, i.e. mid height at the centre of the wheel path. The figures give the joint
deformation as a function of the longitudinal wheel position. In figures 9 and 10
the central bridge end support is clearly reflected in the centre of the plots as
joint deformations remain negligible when the wheel is travelling on the central

support.
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Figure 9. Registered vertical joint deformation for three steps of the protocol.
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Figure 10. Registered rotation about the transversal axis for three steps of the

protocol.
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Figure 11. Registered rotation about the longitudinal axis for three steps of the

protocol.
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Table 3 gives a summary of obtained results.

Table 3.  Registered maximum joint movements.

35kN, | 45kN, | 45kN, | 55kN, | 55kN,

30°C 30°C 35°C 35°C | 40°C
-13 mm Ut [Mm] | 0,24 0,29 0,30 0,35 0,34
joint Ruans [MM/mm] | 3,1E-5 | 3,8E-5 | 4,0E-5 | 4,4E-5 | 4,4E-5
system Riong [Mm/mm] 1,8E-5 95E-6 | 1,1E-5 | 1,5E-5 | 1,2E-4
+13 mm Uvert [mm] 0,28 0,33 0,37 0,48 0,47
joint Rirans [MM/mm] | 4,1E-5 | 4,8E-5 | 5,3E-5 | 6,5E-5 | 6,5E-5
system Riong [MM/mm] | -1,4E-5 |-1,3E-5| -5,3E-6 |-2,1E-6 | -2,3E-5

From the previous it is learned that joint deformations are dependant on wheel
load magnitude. The temperature susceptibility of the joint deformations is
limited.

It is known that the vertical deformations in absence of a joint system are
approximately 0.01mm/kN at ambient temperatures. In combination with Table 3
this indicates that the Prefab Joint System significantly reduces vertical joint
movements to approximately 0.007 mm/kN on average. From this it is concluded
that the Prefab Silent Joint system adds stiffness to the joint area.

The registered vertical joint movements and joint rotations about the transversal
axis show a clear trend with both temperature and load magnitude. Registered
rotations about the longitudinal axis, however do not show this clear trend. Here
the measurements appear noisier. However, it can be observed small rotations
about the longitudinal axis are present during period that the wheel travels a
bridge deck.

4.4 Surface deformation

A profilometer was applied to measure the transversal profiles at the centre of
each tested joint. Also the longitudinal profiles in the wheel path centre were
registered. In the sections hereafter results are reported.

4.4.1 Transversal unevenness and Rutting

Figure 12 gives an impression of the development of the transversal profile of
the -13 mm joint system. Similarly Figure 13 gives an impression of the
development of the relative transversal profile in that joint system.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 13
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Absolute transversal profile: Joint #1 -13 mm
-22
-24 §
_ 26
E i
£ -28
+ -30 - 2,000
5> . | 5,000
e 10,000
o -34 - 20,000
S 36 - | 30,000
o 40,000
-38 50,000
-40 60,000
70,000
42 80,000
Lateral distance [mm] 85,000

Figure 12. Absolute transversal profile of -13 mm joint system.

Relative transversal profile: Joint #1 -13mm
-3
O |
€
= ' N:
= 3 2,000
= 5,000
T 6 10,000
o 20,000
S 9 30,000
a 40,000
12 - 50,000
60,000
70,000
15 80,000
0 250 500 750 1000 85 000
Lateral distance [mm]

Figure 13. Relative transversal profile of -13 mm joint system.

Similarly Figures 14 and 15 give insight into the development of transversal
unevenness in the +13 mm joint system.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 14
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Absolute transversal profile: Joint #2 +13 mm
'24 T T T T T

250 500

=3

E -30
S o 2,000
-% 5,000
i o 10,000
s | 20,000
E 30,000
a8 - 40,000
50,000
.40 60,000
4 1 70,000
. 80,000
Lateral distance [mm] 85,000

Figure 14. Absolute transversal profile of +13 mm joint system.

Relative transversal profile: Joint #2 +13 mm
-3
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o
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0 250 500 750 1000 80,000
Lateral distance [mm] 85.000

Figure 15. Relative transversal profile of +13 mm joint system.

It is stated that an absolute transversal profile is the transversal profile as
measured against a levelled straight rule. A relative transversal profile gives the
differences between the initial profile and subsequent transversal profiles. As
such the relative transversal profiles are much more relevant and give an
indication of true joint system rutting behaviour.

From the discussed transversal profiles the rut development in the joint system
may be derived. The absolute rut depth is defined as the absolute lowering of
the joint surface in the deepest point of the registered rut. The relative rut depth

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 15
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gives the maximum difference between an imaginary straight rule and the joint
surface, see Figure 16. Figures 17 and 18 give obtained rutting results.

Straight rule

Trafficked profile

Absolute rut depth Relative rut depth

Figure 16. Definition of absolute and relative rut depth.

Rutting: Joint #2 -13 mm
14 | 35KkN,30°C  45kN,30°C  45kN, 35°C  55kN, 35°C  55¢N, 40°C
12 o ©
— Relative . J!
g 10 i .
£ Absolute
< [ ] @
c 8 :
Q.
< $
8 6 $
= ]
o 4 s
[ ]
s
2 L
0 T T T T
0 20000 40000 60000 80000 100000
Load repetitions [-]

Figure 17. Rutting in the -13 mm joint system.
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Rutting: Joint #2 +13mm
16
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Figure 18. Rutting in the +13 mm joint system.

Table 4.  Summarised rutting results for the Multi-joint system.

ft

-13 mm system

+13 mm system

N| Relative Absolute Relative Absolute

[l [mm] [mm] [mm] [mm]
2000 2,5 2,8 4,6 4,6
5000 3,3 3,2 5,8 5,8
10000 4,0 4,3 6,7 6,8
20000 51 5,2 7,8 7,6
30000 6,2 5,8 8,5 8,3
40000 6,9 6,6 9,3 9,2
50000 8,2 7,5 9,9 9,6

60000 9,4 8,3 11,0 10,7
70000 11,1 9,6 12,1 11,9

80000 12,0 10,3 12,6 12,3

85000 14,2 12,2 13,4 13,3

Rutting in the -13 mm joint is a result of the development of a depression in the
centre of the wheel path which is flanked by small up heaves directly adjacent to
the wheel path. This is clearly indicated by Figures 13 and reflected in figure 17
which shows a larger difference between the relative and absolute rut depth. In
the +13 mm joint the development of small up heaves is negligible so that the
difference between absolute and relative rut depth remains very limited, see

Figure 18.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results
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It is also observed that the absolute rut depth in the -13 mm joint develops at a
slightly lower rate than in the +13 mm joint. Due to the observed development
of up heaves the opposite is true for relative rut development.

Many researchers distinct between rutting due to traffic compaction and rutting
due to shear deformation. The first type of rutting is related to the quality of
construction, i.e. pre compaction, and does not result in up heaves. The second
type of rutting is related to structural stability and does result in up heaves. On
the basis of this one could argue that the -13 mm joint is slightly less stable than
the +13 mm joint. This may also explain the larger temperature susceptibility of
the -13 mm joint which, contrary to the +13 mm joint, clearly shows stepped
rutting curves. Steps are located at N=40,000 and N=80,000 when the joint
temperature is increased with 5°C.

4.4.2 lLongitudinal unevenness

Figure 19 gives an impression of the development of the longitudinal profile in
the centre of the wheel path. In the longitudinal profile the two tested joint
systems are clearly visible as their surface is approximately 4 to 5 mm above the
surface of the adjacent surfacing structure.

Figure 19 also indicates that rutting in the bridge surfacing structure develops
much faster than in the Prefab Silent Joint system. Especially when the
temperature reaches 40°C rut development in the bridge surfacing structure
progresses at high rate.

Absolute longitudinal profile
-20 ‘

-25

-30

-35

-40 |

Profile height [mm]

-45 -

-50

+13 mm joint system ‘
'55 T T T T T T T T T 1

-2500 -2000 -1500 -1000 -500 O 500 1000 1500 2000 2500
Chainage [mm]

Figure 19. Development of the longitudinal profile.
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Relative longitudinal profile
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Figure 20. Development of the relative longitudinal profile.

Figure 20 gives the development of the relative longitudinal profile. In this figure

the joints are not easily recognised since they do not appear as plateaus but

much more as smoothed peaks. Similarly the depressions in the adjacent

surfacing structure appear smoothed, again a step function is not recognised.

The previous indicates the tendency of the system to maintain a smooth

longitudinal profile. It is not known which phenomenon causes this behaviour.

There are three possible explanations.

- The bridge deck surfacing structure and the Prefab Silent Joint system
structurally affect each other,

- Itis a result of the smoothening effect of moving tyres,

- The temperature distribution is not homogeneous.

4.5 Observations & visual inspections

As discussed in the previous section rutting developed in the Prefab Silent Joint
system. Figure 21 gives a visual impression of rutting at the end of the test.
Furthermore a defect developed while opening the +13 mm joint. This defect
was hardly visible at the start of trafficking. During trafficking the defect became
pronounced without growing or progressing, also see Figure 4.

Apart from the above mentioned observations no other damage developed in the
Silent Joint system during trafficking, see Figure 22. Reference is made to
Appendix C where more photographs made during visual inspections are found.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 19
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Figure 21. Rutting in the Prefab Silent Joint after 85,000 load rept/t/ons Left:
+13 mm joint, right: -13 mm joint. (also see Appendix C)

P poe SO R <l et / \ Q’“ﬁ» gt el L g G i
Figure 22. Status of the tested joints after application of 85,000 load cycles.
Left: +13 mm joint, right: -13 mm joint. (also see Appendix C)

4.6 Additional measurements

Measurements that are beyond the scope of the research contract were
performed while testing the Prefab Silent Joint system. These are transversal
profile measurements in the middle of the central bridge end support. These
measurements were started after application of 10,000 load cycles implying that
the initial transversal profile is not known. As a result of that the measurements
give insight into the development of the absolute transversal profile. From this

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 20
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profile only the development of the relative rut depth can be obtained. Results
are found in Figures 23 and 24. Results are listed in Table 5.

Absolute transversal profile: Central bridge support

T
£ .35 -
=
g 40 20,000
Q 30,000
S 457 40,000 |
a 50,000
-50 - 60,000
70,000
.55 v 80,000 |
85.000

Lateral distance [mm]

Figure 23. The development of the absolute transversal profile in the middle of
the central bridge end support.

Rutting: Central bridge support
25
35kN, 30°C  45kN, 30°C  45kN, 35°C | 55kN, 35°C | 55kN, 40°C
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E Rutting norm .
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% o Relative rut depth
Q 10 - ¢
S L1}
[nd ]
o0
5 .
O T T T " T
0 20000 40000 60000 80000 100000
Load repetitions [-]

Figure 24. Absolute rut development at the middle of the central bridge end
support.
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Table 5.  Summarised rutting results for the bridge deck surfacing structure at
the centre of the central bridge deck support.

N| Relative

[-] [mm]
10000 4,6
20000 6,0
30000 7,6
40000 8,8
50000 10,6
60000 12,3
70000 16,2
80000 20,4
85000 23,0

In combination with the profile measurements discussed in section 4.4. the
above clearly indicate that the Silent Joint System outperforms the bridge deck
surfacing structure with respect to rutting.

In figure 24 an indication of the 18 mm rutting norm is given. It is indicated that
the bridge deck surfacing structure at the central bridge support has a rutting life
of approximately 74000 load repetitions following the prescribed protocol.
Rutting in the Prefab Silent Joint did not exceed approximately 14 mm after
completion of 85,000 repetitions.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 22
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5. TENSION TESTS

Semi static tension tests were performed on the Prefab Silent Joints after
completion of the discussed LINTRACK accelerated pavement. The static tension
tests were performed at 25°C. The -13 mm joint was opened at a rate of 10
mm/hour; similarly the +13 mm joint was further opened at a rate of 100 mm/
hour.

Figures 25 and 26 give the results of the static tension test on the -13 mm joint.
Figures 27 and 28 give the results of the static tension test on the +13 mm joint.
It is stated that reported joint openings are relative to the joint width at
installation.

Tension test on -13 mm joint

Joint deformation
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5 — Measurement
i —— 100 mm/hour
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Figure 25. Deformation applied to the -13 mm joint during the static tension
test. The straight line represents the protocol.

Tension test on -13 mm joint
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Figure 26. Obtained force-displacement plot for the static tension test on the -13
mm joint.
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Tension test on +13 mm joint
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Figure 27. Deformation applied to the +13 mm joint during the static tension
test. The straight line represents the protocol.

Tension test on +13 mm joint
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Figure 28. Obtained force-displacement plot for the static tension test on the
+13 mm joint.

As shown from the force displacement plots i.e. Figure 26 and 28, the -13 mm
joint fails at 21.8 mm opening. The +13 mm joint fails at 23.0 mm opening.

Apart from measurements photos were also made during the tension tests. On
the basis of these photos it is concluded that the -13 mm joint showed first
visual damage at an opening of 13.7 mm. For the +13 mm joint first visual
damage was observed at an opening of 18.6 mm.

From the photos it is learned that failure of the -13 mm joint is initiated at the
wheel path centre. Failure of the +13 mm joint is initiated by the development of
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a crack at the joint edge just above a built in temperature gauge, see Figures 29
to 32.

Figure 29. The -13 mm joint just after visual failure. A crack develops at the
wheel path centre exactly above the joint between bridge and bridge support.

Figure 30. Impression of the -13 mm jo/t after failure.
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Figure 31. The +13 mm Joint at visual failure. A crack develops at the / edge
of the joint exactly above the built-in temperature gauge. The crack at the right
edge first appeared after initial joint opening.

Figure 32. Impression of the +13 mm joint after failure.
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Table 6. Summary of static tension test results.

Opening at max. force failure Opening at visual damage
[mm] failure [mm]
-13 mm joint 21.8 13.7
+13 mm joint 23.0 18.6

See Appendix D for a photo report of both static tension tests.
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6. CONCLUSIOS & RECOMENDATIONS

6.1 Conclusions
From the tests on the Prefab Silent Joint system the following conclusions are
drawn.

- It was observed and measured that the tested Prefab Silent Joint system
performed well during repeated loading.

- The observed joint rutting behaviour was significantly better than the
rutting behaviour of the surrounding bridge deck surfacing structure.

- The test on the Prefab Silent Joint system was stopped because of severe
longitudinal unevenness caused by depressions in the surrounding
surfacing structure.

- Indications are that the rutting behaviour of the Prefab Silent Joint system
is not much dependant on both temperature and wheel load, see figures
17 and 18.

- Differences were observed in the rutting behaviour of the +13 mm and -
13 mm joint. The -13 mm joint showed minor temperature susceptibility
and developed minor up heaves adjacent to the wheel path. This
indicates that the rutting performance of the -13 mm joint is slightly
worse than that of the +13 mm joint.

- Apart from rutting and the consequent longitudinal unevenness no
damages developed in the Multi-joint.

- A minor defect was introduced in the +13 mm joint during initial opening.

- Failure of the Silent Joint System during the static tension test is
introduced in the middle of the joint, i.e. over the physical joint in the
concrete work.

- The maximum elongation at 25°C to first visual damage is limited to 16
mm on average. The elongation at maximum force is 22 mm on average.

- The results of the static tension test are not much dependant on
deformation rate.

- The behaviour of the Silent Joint System shows only limited dependency
on temperature and deformation rate. From this, and good rutting
performance, it might be concluded that the Silent Joint System show
limited visco-elastic behaviour.

6.2 Recommendations

- Itis believed that the Silent Joint System may be further optimised. It
was observed that first damage during elongation developed in the middle
of the joint. This implies that the built-in springs do not function optimal.

- An interaction between the structural performance of the joint and the
surrounding surfacing structure was observed. The causes of this
interaction remain unknown. It is recommended to verify these
observations during the road test of the Prefab Silent Joint.
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- The Silent Joint System is purposely installed such that its surface is
approximately 5 mm above the surrounding pavement. Given the good
rutting performance of the system this may result in long lasting
longitudinal unevenness. It is recommended to reconsider construction
procedures with respect to this issue.
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Appendix A

joint Quality Plan
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Appendix B

Silent Joint installation
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Construction of prefab elemen?at contractor’s yard. Left: staIIatlc;n of springs
after application of lower bituminous layer. Right: heating of springs and lower
joint body layer.

i 3 / ",}‘ b : A “‘ . . W :
Construction of prefab element at contractor’s yard. Left: application of pre
heated mineral for second joint body layer. Right: application of binder into

second layer.

Construction of prefab elemet at contractor’s yard. Left: close up of patch work
due to limited availability of joint body material. Right: finished product and
proud team.
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Left Situation
trough.

T

i

:

Left
structure.
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ﬁ‘" ¢

Left: Application of compreéswe beddmg Right: InstaIIatlon of bi
material for embedment of metal strip.

Apialona‘h Bit"unﬁ-i“ﬁ(_)iner after tightening of t that ancFof the
prefab element.
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: ‘ * - i b HE Y . s i ey o '-.l. .: . Bal : 3
Filling of the rough with prefab joint element. Left: Levelling of the skeleton of
pre heated mineral. Right: Bituminous binder is worked into the skeleton of pre
heated mineral.

Application of smlﬁl 5|zé chippings on the Prefab Silent Joint surface.
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Appendix C

Visual inspections
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Rutting at N=20000. Left: +13 mm joint, right: -13mm joint.
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Rutting at N=50000. Left: +13 mm joint, right: -13mm joint.
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Rutting at N=80000. Left: +13 mm joint, right: -13mm joint.
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Rutting at N=85000. Left: +13 mm joint, right: -13mm joint.

Top view at N=0. Left: +13mm joint, iht: -13mm joint.
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op view t N=20000. Left: 13mm joit, right: -13mm joint.
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int, right: -13mm joint.

Y e e

Top view at N§_0000 Left: -+13mm jo

Top view N40000. Left: +13mm joirit, r|t:-1mm joint.

LINTRACK research into expansion joint behaviour, Prefab Silent Joint test results 56



]
TUDelft

oY

Top view at N=50000. Left: +13mm joint, right: -13mm 'int.
L — e A e ;

Top view at N=60000. Left: +13mm joint, right: -13mm joint.
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op vw N80000. Left: +13mm joint, rit: -13mm joint.
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Top view at N=85000. Left: +13mm joint, right: -13mm joint.

Overview. Left: N=0, right: N=20000.
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" —— 7
d“
.
: 3 ;

Qverview. Left: N=30000, right: N=70000.

R,

0 3
i

Overview. Left: N=80000, right: N=85000.
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Appendix D
Semi static tension test
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Tension test on the +13 mm joint

Left: t=1500 s, u= 44.5 mm, Right: t= 1920 s, u= 49.8 mm
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Left: t=2280 s, u= 63.5 mm, Right: t= 2880 s, u= 91.28 mm
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Tension test on the -13 mm joint

T=16860 s, u= 47.5 mm
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