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test was defined as 48 kips. Similar to the service load test, the joint was subjected to three load 

cycles at this load level to ensure the stability of the force-displacement response of the system. 

The load-deflection curve established at the center of the joint for this test is shown in Figure 

2.31a. The transverse joint exhibited a linear force-displacement response even for this test, with 

insignificant damage and a maximum deflection of 0.05 inch. This deflection corresponds to 

L/1760, which is 46% of the AASHTO serviceability limit of L/800 (see Section 9.5.2 in 

AASHTO [2007]) for continuous span bridges with pedestrian traffic. 

 

Figure 2.31. Measured force-displacement response and peak rebar strain at the center of 

the joint at the overload load of 48 kips 

The strain variations along the bottom reinforcement in the joint as a function of the applied load 

are shown in Figure 2.31b. The peak strain in the joint region bottom reinforcement was 330 , 

which is only about 15% of the yield strain of the reinforcement. The strain variations in the 

bottom reinforcement in the transverse rib TR2 of the panels UWP2 and UWP1 are shown in 

Figure 2.32 and Figure 2.33, respectively. Figure 2.34 shows the variation of the strain at the 

center of the rib across the transverse ribs of panel UWP1, indicating their relative participation 

in resisting the load. A series of hairline cracks were observed in the central region of the joint 

and are shown in Figure 2.35. The maximum crack width measured along the transverse ribs 

forming the joint was 0.003 inch, which can be seen in Figure 2.36. 
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Figure 2.32. Measured strains in the bottom reinforcement of transverse rib TR2 along the 

length of panel UWP2 at the overload load 

 

Figure 2.33. Measured strains in the bottom reinforcement of transverse rib TR2 along the 

length of panel UWP1 at the overload load 
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Figure 2.34. Measured strains at the center of the panel across the transverse ribs of panel 

UWP1 at joint overload load 

 

Figure 2.35. Hairline cracks formed at the center of underside of the transverse joint at the 

overload load of 48 kips 
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Figure 2.36. The variation in the width of the most critical flexural crack in the transverse 

ribs forming the transverse joint 

2.5.9 Test 5—Panel Fatigue Load Test  

As with the joint test, the waffle deck panel UWP1 was subjected to 1,000,000 cycles to test this 

panel for potential low amplitude fatigue damage. The load variation was again computer 

controlled in a sinusoidal manner between 2 kips and 21.3 kips at a frequency of 2 Hz. During 

the test, the load, displacements, and strain data from selected gauges were recorded 

continuously for 5 seconds at 20 Hz frequency at the end of every 1,800 cycles (i.e., at every 

15 minutes). In addition, the fatigue test was paused and static load tests were conducted at the 

end of 135,000, 670,000 and 1,000,000 cycles with a maximum load of 21.3 kips to determine 

the influence of any fatigue damage on the panel and system behavior.  

Based on the recorded data, the displacements recorded at the center of the panel UWP1 at 

21.3 kips and 2 kips are plotted as a function of the load cycle in Figure 2.37. It is apparent again 

that the gauges experienced drifts due to ambient variations and that the data was influenced by 

high-frequency noise. When the displacement corresponding to the load increment of 19.3 kips 

(i.e., 21.3 kips–2 kips) was examined, however, it was clear that this displacement remained 

nearly constant throughout the test. Based on these observations, it is concluded that the UHPC 

panel did not experience any fatigue damage.  

Figure 2.38a shows the strains recorded by the gauge mounted to the transverse rib 

reinforcement located at the center of rib TR2 of panel UWP1 as a function of the load cycle. 

Although the drifts in measured data are apparent, the change in strain remained almost constant 

at a value of 360 as the load increased from 2 to 21.3 kips. This variation is comparable to a 
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The half-width precast deck panels were set to grade, spanning between the concrete girders and 

leveled to the needed elevation by placing shims. At the panel bearings on the beams, an Evazote 

foam strip was installed to provide a good contact and water-tight seal between the precast 

panels and prestressed concrete girder (see Figure 3.6). Once all panels were installed and tested 

for moderate water tightness, quick-setting spray foam was used to patch any gaps and create the 

water-tight seal between panels and girders (see Figure 3.6). 

 

Figure 3.6. Water-tight seal at panel-to-girder connection after applying quick-setting 

spray 

Prior to shipping to the site, the faces of the precast panels, which are part of the transverse and 

longitudinal joints, were sandblasted at the precast plant to create a roughened surface to enhance 

the bond between the precast panel and the joint fill, leading to water tightness of the transverse 

joint (panel-to-panel joint). In addition, the surface of each precast panel was dampened to 

saturate surface-dry prior to casting the joint fill. A close-up view of the transverse and 

longitudinal joints in the Wapello County bridge is shown in Figure 3.7. 

The field cast UHPC joints were poured on September 27 and 28, 2011. The in situ UHPC joint 

fill materials were batched using two IMER Mortarman 750 mixers (see Figure 3.8). These 

mixers were set up at the end of the bridge to provide a continuous supply of material for the 

joint-filling operation and provide direct access to the bridge deck. The UHPC joint material was 

transported to the joints by a wheelbarrow and then placed directly into the joints and shear 

pockets. The placement of UHPC began with the shear pocket connections (see Figure 3.9a). The 

transverse joints and longitudinal center joint were cast together. Placement of the UHPC for 

these joints began at the lowest (i.e., outer) edges of the transverse joints and proceeded to the 

center longitudinal joint at the crown. As the transverse joints were filled, plywood top forms 

were applied to allow hydrostatic head to fully fill the joints and ensure adequate curing (see 

Figure 3.10). The sequence was completed by filling the longitudinal center joint (see Figure 

3.9c) and applying plywood top forms as shown in Figure 3.10. The top forms were used to 

prevent any moisture loss from the UHPC during curing. Following the field cure process, four 

days after pouring, the UHPC material in the joints was ground smooth in the areas of any high 

spots. The final surface of the bridge deck after grinding is shown in Figure 3.11. The bridge was 

opened to the traffic in November 2011. 
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Figure 3.7. Transverse and longitudinal joints in the demonstration bridge in Wapello 

County 
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Figure 3.10. Finished transverse joints (panel-to-panel joint) covered with plywood 

 

Figure 3.11. Close-up of the waffle panel deck after grinding along the joints 

  












