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Figure 89. Resilient vertical corner deflection influence lines for the second joint on the

ungrouted load test, 598FDUG.

The vertical deflection influence lines from JDMDs 6a and 7a installed at the untrafficked

corners of the test slab also showed that the slab rocked around its transverse axis with the

response at JDMD 6a being synchronized with the response of JDMD 8 and JDMD 7a with

JDMD 11 as is shown in Figure 90. The vertical mid-slab deflection influence lines plotted in
Figure 91 show that even the mid-slab position on the trafficked slab (JDMD 10) lifted slightly

when the wheel load was at the eastern end of the slab.

The resilient horizontal deformation activity, that is opening and closing, was minimal at

the shoulder joint (Figure 92) and the longitudinal joint (Figure 93).
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Figure 90. Resilient vertical corner deflection influence lines for the untrafficked

joints on the ungrouted load test, 598FDUG.
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Figure 91. Resilient vertical mid-slab deflection influence lines for the ungrouted load test,

598FDUG.

79

UCPRC-RR-2006-10



Distance (m)

-0.100

-0.050
. 0.000
£
£ ~
~ O
><
= 3 0.050
sl
T o
E'o
5 Z
= ® 0.100 |
j=Ng o)
(S )
=
%]
(0]
24
0.150
0.200
Cycles: 32084, 32086,
32088
0.250
Figure 92. Resilient shoulder joint activity influence lines for the ungrouted load test,
598FDUG.
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Figure 93. Resilient longitudinal joint activity influence lines for the ungrouted load test,

598FDUG.

Figure 94 shows the resilient transverse joint horizontal deformation activity calculated

from the horizontal JDMDs H17 and H18. The surface of the transverse joints closed when the

wheel was in the vicinity of the joint and opened when the wheel was on the far end of the slab,
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with much of this measured deformation caused by rotation of the slab surfaces under the wheel

loading.
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Figure 94. Resilient transverse joint activity influence lines for the ungrouted load test,

598FDUG.

The resilient vertical corner deflections, examples of which are shown in Figure 88 and

Figure 89, were used to calculate the Load Transfer Efficiency (LTE) at the ungrouted joints
according to the equation for LTE shown in Figure 67.Figure 95 shows the peak approach slab

and simultaneous leave slab deflection at the two trafficked joints of the ungrouted test,
598FDUG. Figure 96 shows the LTE for the duration of the ungrouted test, 598FDUG. In

general the LTE was below 10 percent for the duration of the test.
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Figure 95. Peak approach slab and simultaneous leave slab deflection for the
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ungrouted load test, 598FDUG.
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Figure 96. Load Transfer Efficiency for the ungrouted test, 598FDUG.

The resilient transverse joint horizontal deformation activity is shown in Figure 97 for the
two trafficked transverse joints on the ungrouted test, 598FDUG. In general the total resilient
transverse joint horizontal deformation activity was between 0.2 and 0.4 mm at H17 and between
0.25 and 0.5 mm at H18.

Figure 98 shows the mid-slab deflection for the duration of the ungrouted test, 598FDUG.
Lifting of slightly more than 0.1 mm occurred at the mid-slab position for the duration of the test
while the downward deflection under the load was about 0.2 mm resulting in a total mid-slab
resilient movement of around 0.3 mm for the duration of the test.
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Figure 98. Mid-slab deflection for the ungrouted test, 598FDUG.

The peak resilient deflections plotted in Figure 95, Figure 97, and Figure 98 vary with

time, and therefore the effect of the temperature conditions on the resilient deflections was

investigated.

Figure 99 shows the resilient vertical deflection of the shaded corners plotted

against the temperature gradient of the slab. The slab corner at JDMD 9 clearly had the lowest

deflection but there is a correlation between the resilient vertical deflection and the temperature

gradient of the slab for all the slab corners. Figure 100 shows the resilient vertical deflection of

the exposed corners plotted against the temperature gradient of the slab. These slab corners

were not directly trafficked but the rocking motion of the unrestrained slabs caused substantial

deflection at them, with the corner at JDMD 7a having deflections almost as high as 0.6 mm.
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Figure 99. Resilient vertical deflection of the shaded slab corners for the ungrouted test,

598FDUG.
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Figure 100. Resilient vertical deflection of the exposed slab corners for the ungrouted

test, 598FDUG.

Figure 101 shows the resilient vertical mid-slab edge deflection plotted against the

temperature gradient of the slab. The trafficked mid-slab edge at JDMD 10 had a resilient
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deflection around 0.2 mm for the duration of the test and does not seem to be correlated with the

temperature gradient of the slab. However, the temperature gradient range was small because

the trafficked edge of the slab was shaded by the HVS.
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Figure 101. Resilient vertical deflection of the slab mid-slab edge for the ungrouted test,

598FDUG.

Figure 102 shows the resilient transverse joint horizontal deformation activity plotted

against the surface temperature, and Figure 103 shows the resilient longitudinal joint horizontal

deformation activity plotted against the surface temperature for the joint between the two rows of

slabs (H15 and H16) and the joint between the trafficked slabs and the AC shoulder [H15(b) and

H16(b)].
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Figure 102. Resilient transverse joint horizontal deformation activity for the ungrouted

test, 598FDUG.
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Figure 103. Resilient longitudinal joint horizontal deformation activity for the ungrouted

test, 598FDUG.

In summary the following observations are made regarding the ungrouted load test,

598FDUG:
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Thermal curl response:

(o}

All the shaded slab corners had a total thermal curl movement of 1.6 mm
over a temperature gradient range from -0.2 to +0.2°C/cm (equivalent to a

temperature differential of -4 to +4°C).

The exposed slab corners had a similar total thermal curl movement of
1.6 mm but in this case over a temperature gradient range
from -0.4to +0.8°C/cm (equivalent to a temperature differential
of -8 to +18°C).

The transverse joints at H17 and H18 had total thermal curl joint
horizontal deformation activities of 0.5 mm and 0.4 mm respectively over

a temperature range from 17°C to 26°C.

The longitudinal joint between the slab and the AC shoulder had a total
thermal curl joint horizontal deformation activity of 0.2 mm over a

temperature range from 17°C to 26°C.

The longitudinal joint at H15 and H16 had a total thermal curl joint activity

of 1.0 mm over a temperature range from 17°C to 44°C.

Resilient deflection response:

(o}

The temperature gradient range on the trafficked portion of the test
section was limited to a range between -0.2 and +0.1°C/cm because of
the shading effect of the HVS. Within this temperature gradient range,
the slab corner at JDMD 9 had the lowest resilient deflection of between
0.5 and 1.0 mm. The other slab corners had resilient deflections between
1.0 and 2.0 mm. The slab corner at JDMD 9 seems to be stiff in
comparison with the other slab corners in terms of resilient deflection

response.

The exposed slab corners at JDMDs 6a and 7a had a wider temperature
gradient range from about -0.4 to +0.8 °C/cm (temperature differential of -
8 to +17°C). The resilient deflections ranged between 0.0 and 0.6 mm for
this temperature gradient range but these corners were not trafficked and

the deflection is the result of the rocking of the unrestrained slabs.

The resilient mid-slab edge deflection at JDMD 10 varied around 0.2 mm
over a temperature gradient range of -0.25 to +0.1 °C/cm (temperature
differential of -6 to +2°C).
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o0 The resilient transverse joint activity at the first joint of the test section
varied between 0.25 and 045 mm for a temperature range of
17°C to 26°C. The corresponding joint activity at the second joint of the
test section varied between 0.17 and 0.27 mm for the same temperature

range.

o The resilient longitudinal joint horizontal deformation activity was
generally below 0.1 mm with only the longitudinal joint between the slab
and the AC shoulder ranging between 0.15 and 0.25 mm toward the

eastern end of the test section at the horizontal JDMD H16b.

A transverse crack (Figure 104) was noticed on both test sections after completion of the
ungrouted tests. This crack is believed to be the result of the load imposed on the slabs by the
outriggers of the HVS and is not traffic related.

Figure 104. Part of a nontraffic-related tranvserse crack noticed on
both sections after completion of the ungrouted tests.

90
UCPRC-RR-2006-10



5 TESTS PERFORMED AFTER GROUTING

5.1 Thermal Curl Test 598FDTC

Testing continued after grouting of the slabs. The first set of tests after grouting consisted
of tracking the thermal curl of the grouted slabs over a 24-hour period from 07h02 on
June 7, 2005, to 07h02 on June 8, 2005, without any load being applied to the slabs. The

instruments monitored on an hourly basis during this time period are shown in Figure 105.

H13 T2 H14
o—10 3T1 T3 Of—P
O @

ﬁ J2 J3 J4
T4
e
J6 J7
@ @
3¢
T5
T6
.3
dg J10 Jllo
o—i0 W17 T e—e
H17 T8 H18

Figure 105. Thermocouples and JDMDs monitored during the thermal curl test on the

grouted slabs.

The average slab temperature and temperature gradient were calculated from the
temperature data recorded at the five depths for each of the thermocouples shown in Figure 105.
The average slab temperature is shown in Figure 106, and the temperature gradient in Figure
107. The temperature data was collected electronically using the Data Acquisition System
(DAS). This system failed for thermocouples 1, 2, and 4 after noon on June 7, and the

temperature data for these thermocouples are incorrect from this time to the end of the test.

The JDMDs can only measure the relative movement of the slab from the start of the
test, with no indication of the neutral position of the slab. An assumption therefore had to be
made that the slabs were in a neutral position at the time the temperature gradient was zero,
which occurred at 09h00 on June 7. The JDMD readings at 09h00 on June 7, 2005, were
therefore assumed to represent the neutral position of the slab and all other measurements were
adjusted relative to the measurement taken at this time.
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in terms of the previously determined neutral

(

Date & Time
position) of all the vertical JDMDs shown in Figure 105 at the corners of the slabs. As expected,

Figure 107. Temperature gradient during the grouted thermal curl test.

Figure 108 shows the relative movement
the corners curled upward during nighttime when the slabs had a negative temperature gradient




(warmer at the bottom than at the top of the slab). The highest vertical movement occurred at

JDMD 2 with a range from 0.6 mm downward to 0.8 mm upward (1.4 mm total).

shows the adjusted joint activity recorded by the horizontal JDMDs.

joints closed up during higher daytime temperatures.

Figure 109

Again, as expected the

The range of grouted transverse joint

opening and closing, with the dowels mobilized by the grouting, was from 0.2 mm to -0.3 mm,

giving a total joint activity of 0.5 mm, while the tied longitudinal joint only had a total joint activity
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Figure 108. Adjusted vertical movement of the slab corners during the grouted

thermal curl test.
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movement of the slab corners for the grouted slabs.

In an effort to determine the relationship between temperature gradient and vertical curl,
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Figure 109. Adjusted horizontal joint activity during the grouted thermal curl test.
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a typical example of the adjusted vertical movement at JDMD 4 plotted with the temperature

gradient calculated from the temperature data for the closest thermocouple, TC 3.

the adjusted JDMD readings were plotted with the temperature gradient data. Figure 110 shows

that the vertical curl is correlated with the temperature gradient.

Figure 110. Example of the relationship between the temperature gradient and vertical




This correlation was explored further by plotting the adjusted vertical corner movement
against the temperature gradient for the JDMDs with thermocouples in close proximity. The
results from this process are shown in Figure 111, and there is a strong correlation between the

thermal curl of the slab corners and the temperature gradient.
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Figure 111. The correlation between the temperature gradient and vertical movement

of the slab corners for the grouted slabs.

The thermal curl response of the slab corners after grouting is greatly reduced, compared
to the thermal curl before grouting where the slab corner at JDMD 4 moved significantly less than
the other corners.

A similar analysis was done for the horizontal deformation joint activity by plotting the
joint activity against temperature gradient as shown in Figure 112. As was previously noted,
horizontal deformation at the joint is primarily controlled by the expansion and contraction of the
slabs, and the deformation is less well correlated with temperature gradient, which rotates the
faces of the joints rather than making them expand and contract. The result from this process is
shown in Figure 113 and yields a linear correlation between the slab’s temperature and the joint’s

opening and closing.
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Figure 112. The correlation between the temperature gradient and horizontal joint activity
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Surface temperature (°C)

for the grouted slabs.
In summary, the following observations are made regarding the grouted thermal curl test

Figure 113. The correlation between the surface temperature and horizontal joint activity
on HVS Test Section 598FDTC:




e The vertical curl at the corners of the restrained slabs was 1.4 mm for all the JDMDs over

a temperature gradient range from -0.4°C/cm to +0.7°C/cm.

e The horizontal joint activity had a total movement of 0.5 mm for a surface temperature
range from about 20°C to 40°C. Although this is less than the joint activity for the
ungrouted tests, the bond-breaker applied to the dowel bars and joint seem to allow

some horizontal movement caused by thermal expansion as is desired.

e There is a strong correlation between the temperature gradient and the vertical

movement at the slab corners caused by thermal curl.

e There is a strong correlation between the surface temperature and horizontal joint

activity.

5.2 [oad Tests 597FD

The thermal curl test on Section 598FDUG concluded the set of preliminary tests in this
experiment and signified the beginning of the longer-term tests. In June 2005, HVS2 was moved
to Section 597FD where it was used to apply more than one million wheel load repetitions until
September 2005 (see Table 2). The test was conducted under dry conditions (no water added to
the pavement), with an aircraft tire using very high load levels. Test 597FD continued later under
wet conditions. Only data relevant to the comparison to the ungrouted condition is presented in
this report. The rest of the long-term loading data on Section 597FD are presented in references
(2) and (3).

An example of typical JDMD deflection bowls from the corners of the slabs at the west
joint of Section 597FD under 60 kN loading is shown in Figure 114 for the 74th, 76th, and 78th
load repetitions after grouting. Similar results were also obtained for the other two JDMDs at the
east joint. The peak deflections on the approach slabs and the simultaneous deflection on the
leave slabs were extracted from the JDMD deflection bowls to calculate the Load Transfer
Efficiency (LTE).
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Figure 114. Resilient vertical corner deflection influence lines for the west joint in Test
597FD (after grouting).

The vertical mid-slab deflection was also recorded and a typical example of the mid-slab

deflection bowl is shown in Figure 115.
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Figure 115. Resilient vertical mid-slab deflection influence lines in Test 597FD (after

grouting).
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Figure 116. Resilient transverse joint activity influence lines in Test 597FD (after grouting).

The traffic load levels were increased as the test progressed. Periodic data collection at
60kN allowed for tracking the pavement’s responses to a fixed load level. Figure 117 shows a
summary of the peak approach slab deflection, simultaneous leave slab deflection and LTE from
JDMDs 1 and 2 for most of the duration of test 597FD, with the load levels indicated at the top of
the chart (the data is at 60kN despite the increasing traffic load levels).
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Figure 117. JDMD deflection and LTE summary for the west joint at 60 kN for the duration
of test 597FD.
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The 60 kN deflection data exhibits an increase in deflection with increasing load
repetitions. The 60 kN JDMD deflection and LTE were therefore plotted against the temperature
gradient of the slab. The initial deflection and LTE results for approximately the first 100,000

load repetitions are shown in Figure 118.
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Figure 118. Initial JDMD deflection and LTE data for west joint at 60 kN plotted against the
slab temperature gradient.

5.3 Load Tests 598FD
No load test results from Test 598FD are presented in this report, as this was not part of
preliminary HVS testing. The HVS machine was moved to Section 598FD in September 2005,
and until February 2006 it tested the pavement with a set of dual truck tires, applying a
considerable number of load repetitions, also in dry condition. Water was added to the joints in
Section 598FD starting in February 2006, and trafficking continued until May 2006 in wet
condition. At that point, the HVS machine was returned to Section 597FD to subject the

pavement to more traffic in wet condition with the aircraft tire.
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6 PAVEMENT RESPONSES BEFORE AND AFTER GROUTING

6.1 Comparison of Thermal Deformations

Figure 119 shows the peak vertical thermal movement of the slabs at different locations.
The grouting of the slabs had a significant effect on the vertical curl of the slabs along the
longitudinal joint, where the curl was reduced from a range of 1.5 mm to £0.5 mm. Figure
119(a) and (c) show that the corners moved upwards at night and downwards during the day, as
expected. The absence of more sensors throughout the width of the slab prevents detailed
measurement of the actual shape of the deformed slabs in Figure 119(b) and (d). In the
ungrouted condition each slab most likely curled separately, while after grouting the presence of
tie-bars and grout in the joint (coming from the tie-bar grout slots) forced at least partial transfer
of moment and displacements, which actually changed the shape of the two-slab system. The

probable shapes of each slab in its most deformed states are outlined in the charts.

Figure 120 shows a comparison of the thermal curl joint activity before and after grouting.
Grouting had a significant effect on the magnitude of joint closing during the day but not much
effect on the magnitude of joint opening at night. The amount by which both the transverse and
longitudinal joints closed was reduced from 0.75 mm before grouting to 0.25 mm and less after
grouting. A certain amount of horizontal movement is required at the transverse joint to
accommodate thermal expansion and a bond-breaker was applied to the dowels in the joints
before grouting. Although the amount of movement is not the same after grouting as before, a
certain amount of movement is still allowed and the bond-breaker seems to be effective in
permitting expansion and contraction of the slabs.
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Ungrouted 597FDTC: Vertical Thermal Curl
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Figure 119. Comparison of the vertical deformations caused by thermal curl of the slabs

before and after grouting.
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Ungrouted 597FDTC: Horizontal movement
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Ungrouted 597FDTC: Horizontal movement
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Figure 120. Comparison of the horizontal deformations caused by thermal activity of the

slabs before and after grouting.

6.2 Comparison of Load Responses

As expected, pavement responses improved greatly after grouting. Figure 121 shows

typical deflection curves at one of the transverse joints before and after grouting in

Section 597FD. The following effects of grouting the joints can be observed:

e Both sides of the joint move together after grouting, while they acted independently to the

wheel load in the ungrouted condition.

e The vertical deflection at the transverse joint after grouting decreased to one-quarter of

the value measured before grouting (from about 1.0 mm to 0.25mm). This reduction in

deflection is expected to reduce the flexural stresses responsible for fatigue cracking.

¢ Rocking of the slab is eliminated, as indicated by the lack of movement when the wheel

load is near the opposite joint. Slab rocking in the ungrouted condition resulted in about

0.1 mm of up-lifting.
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Figure 121. Typical vertical corner deflection influence lines from west joint in Test 597FD

before and after grouting.

Maximum vertical deflections at the mid-slab edge caused by the wheel load were not
affected by grouting. However, the up-lifting due to corner loading was eliminated, as shown in
Figure 122.
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Figure 122. Typical JDMD data obtained at mid-slab in Test 597FD before and after

grouting.
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Regarding transverse joint activity, the magnitude of the movement was significantly
reduced, and activity continuity was observed as the wheel load crosses over the joints, as seen
in Figure 123. The joint activity was measured at the pavement surface, therefore the rotation of

the joint faces played a significant role in the observations.
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Figure 123. Transverse joint activity change after grouting.
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7 CONCLUSIONS

7.1 Subgrade and Base Construction, and Slab Placement

7.1.1 Subgrade Quality

Based on the DCP (Dynamic Cone Penetrometer) analysis, the subgrade is of superior
quality in terms of its bearing capacity. CBR (California Bearing Ratio) values for the subgrade
derived from DCP analysis are between 45 and 80, which are higher than most subgrades and
indicate a granular material. It is concluded that the subgrade has sufficient structural strength to
carry the imposed loads. FWD (Falling Weight Deflectometer) analysis revealed a subgrade
stiffness value of about 70 MPa.

7.1.2 CTB quality

The backcalculated modulus of the CTB (cement-treated base) presented considerable
scatter, but a representative value of 2,200 MPa can be assumed for analysis, which is not very
high. Backcalculation from deflections measured directly on the CTB resulted in values between
200 and 600 MPa which was lower than what would be expected from a newly constructed CTB
layer, but it was attributed to early age (the layer had been constructed less than 14 days prior to
FWD testing and would not yet have reached maximum strength).

7.1.3 Pre-Cast Panel Placement

With regard to the placement of the pre-fabricated slabs, it is concluded that although the
process can save total construction time (lane closure time) and seems to offer adequate
performance, it is a delicate process and inexperienced contractors should not be allowed to
construct pavements of this type. After placement of the 10 slabs was completed it was found
that the slabs were not vertically aligned correctly. Grinding the pavement surface solved the
problem.

7.2 Effect of Grouting

The pavement responses (deflection and joint opening) were significantly reduced after
grouting, and rocking of the slabs disappeared. Load transfer efficiency (LTE) changed from
being below 20 percent, and in many cases below 5 percent, to being higher than 90 percent.

7.3 Opening to Traffic in Ungrouted Condition

As described in Chapter 4, two HVS tests were performed on the ungrouted slabs to
simulate the exposure of the ungrouted system to traffic from the time of placement to the time of
grouting, which normally occurs during the next nighttime closure. Truck traffic on the slow lane
on highway I-15 SB (near the project) was used. Approximately 4,200 trucks resulting in

106
UCPRC-RR-2006-10



16,000 ESAL were calculated for the 16-hour period of traffic in ungrouted condition. A more
demanding traffic total of 86,500 ESALs was applied to each section, using approximately 32
hours of HVS loading with a wheel load of 60kN (13,500 Ibs). This exercise indicated that in
terms of performance, the Super-Slab® System is able to withstand at least 86,500 ESALS in the

ungrouted condition without detrimental effects to the pavement system.
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