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Appendix A
ECS/Dynamic Modulus Procedure for Phase IA
1. Test Set-Up Preparation

1. Attach four targets to the specimen using epoxy, two on each side, such that the gauge length is 70 mm (2.75 in.).  This is for the case of using two LVDTs (as is the case for the tests of this research at UTEP).  In case, three LVDTs are used (as is the case for the tests of this research at PSU), six targets need to be mounted on the specimen providing an angle of 120 degrees between the LVDTs. Wait for 30 minutes before moving on to step 2.  Step 2 should be performed after dry/unconditioned specimen is tested for dynamic modulus without using membrane.
2. Enclose the specimen in a 200 mm long rubber membrane.  Center the specimen so that there is an approximately 25 mm (1 in.) overlap at each end.  Place an O-ring at the center of the specimen to make sure that water does not flow around the specimen.

3. Place a perforated Teflon sheet on top of the bottom end platen and then vertically place specimen on top of the perforated Teflon sheet.  Similarly, place a perforated Teflon sheet on top of the specimen and then place the top end platen.  Make sure the grooved surface of the platen faces the perforated Teflon sheet.  The thickness of the Teflon sheets which act as friction reducers is approximately 0.25 mm (0.01 in.).
4. Extend the rubber membrane to the top and bottom end platens and seal by placing O-rings over the membrane on each groove of the end platens.

5. Place the spherical stainless steel ball at the center and on top of the top platen.

6. Place the above assembly inside the load pedestal (inside environmental chamber) and align the test specimen to make sure that the load cell is in line with the axis of the end platen and the specimen.

7. Place LVDTs on the specimen and adjust them in such a way that they are near to the end of their linear range to allow the full range of the LVDTs to be available for the accumulation of the compressive permanent deformation.  

8. Set the chamber temperature to 25(C (77 (F) and allow it to equilibrate for 1 hour.
2. Dynamic Modulus Measurement for Unconditioned Specimens

1. After the temperature equilibrium is reached, apply a static load equal to 5 percent of the dynamic load that will be applied to the specimen.

2. Apply a sinusoidal loading corresponding to the desired frequency to the specimen.  Increase the load to bring the dynamic strain to the desired level. The dynamic load should be adjusted to obtain axial strains between 100 ( 25 microstrain.
3. Apply the loading from highest to lowest frequency i.e., 25 Hz, 10 Hz, 5 Hz, 2 Hz and 1 Hz, following the number of cycles presented in Table A-1.  


Table A-1. Number of Cycles Applied in the Dynamic Modulus Test
	Frequency (Hz)
	Number of Cycles for Estimating Strain Level
	Number of Cycles During Actual Test

	25
	20
	40

	10
	20
	20

	5
	5
	11

	2
	5
	10

	1
	5
	8


4. After completion of each test frequency, analyze the data using Quality Indicator Excel spreadsheet.  If the quality of data is not acceptable, identify the source of the problem and repeat the test as described above.

3. Static Immersion Saturation of the Specimen

1. Remove LVDTs and fixtures and proceed with static immersion saturation.

2. Measure and record weight of the specimen.

3. Place the specimen in the vacuum pycnometer filled with distilled water maintained at 25ºC.  Make sure that the specimen is completely submerged in the water.  Connect the vacuum pycnometer to the vacuum source.

4. Start the vacuum source and maintain the vacuum gauge at 85 kPa (660 ± 20 mm), and allow the specimen to be subjected to vacuum for 30 minutes.

5. Once the saturation is completed remove the specimen and wipe the extra water with a paper towel.

6. Measure and record weight of the specimen.
7. Record level of saturation.
4. Specimen Preparation for Conditioning

1. After the static immersion is completed stick two caulk trim tapes of length equal to the circumference of the specimen (320 mm) and width equal to 40 mm, to the top and bottom edge of the specimen.

2. Measure and record weight of the specimen.

3. Enclose the specimen in 200 mm long rubber membrane.  Center the specimen so that there is an approximately 25 mm (1 in.) overlap at each end.  An O-ring is placed at the center of the specimen to make sure that water does not flow around the specimen.  Apply vacuum grease (non silicone based) to top and bottom end platens for better sealing.

4. Place perforated Teflon sheet on top of the bottom end platen and then place specimen vertically on top of the perforated Teflon sheet.  Similarly, place perforated Teflon sheet on top of the specimen and then place the top end platen.  Make sure the grooved surface of the platen faces perforated Teflon sheet.

5. Extend the rubber membrane to the top and bottom end platens and seal by placing O-rings over the membrane on each groove of the end platens.

6. Place the spherical stainless steel ball at the center on top of top platen.

7. Place the above assembly inside the load pedestal (inside environmental chamber) and align it to make sure that the load cell is in line with the axis of the end platen and the specimen.

8. Place LVDTs on the specimen and adjust them in such a way that they are near to the end of their linear range to allow a full range to be available for the accumulation of the compressive permanent deformation.  

9. Set the chamber temperature to 25ºC (77ºF) and allow it to equilibrate for 1 hour. 

10. Measure and record circumference at the mid section of the specimen.

5. Dynamic Modulus Measurement for Vacuum Saturated Conditioned Specimens

1. After the temperature equilibrium is reached, apply a static load equal to 5 percent of the dynamic load that will be applied to the specimen.

2. Apply a sinusoidal loading corresponding to the desired frequency to the specimen in a cyclic manner.  The dynamic load should be adjusted to obtain axial strains between 100 ( 25 microstrain.

3. Apply the loading from highest to lowest frequency i.e., 25 Hz, 10 Hz, 5 Hz, 2 Hz and 1 Hz. Use Table A-1 for the number of cycles. After completion of each test frequency, analyze the data using quality indicator excel sheet.  If the quality of data is not good repeat the test.

6. Warm Climate Conditioning Procedure

1. Connect the water and vacuum gauge pipes to the platens.  The water pipes will allow the water to flow through the specimen; these include the inlet of water from water source and outlet of the water to draining tank.  The vacuum gauge pipes are used to monitor vacuum (confinement) applied to the specimen.

2. Maintain the temperature of the water in the heating apparatus at a level high enough to provide water temperature of 60(C at the inlet to the specimen.  For the PSU system, 66(C (150(F) in the heating unit could provide a 60(C water temperature at the inlet to the specimen.  Open the vacuum valve in fluid conditioning subsystem and maintain the vacuum pressure of 64 ( 15 mm of Hg (2.5 ( 0.5 in. of Hg) at the outlet gage. 

3. Open the water valve and water flow meter, and adjust the water flow to 8 ( 1 cc/min.

4. Maintain the temperature of the environmental chamber and the temperature at the center of the specimen at 60(C.  Apply an axial compressive static load of 225 ( 15 N (50 ( 3 lbf).

5. Apply an axial haversine load with a peak magnitude calculated using the following equation:   
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where:

1. P = ECS conditioning load, Newtons
2. T = Site pavement temperature, (C

6. The dynamic load should be a haversine waveform with load duration of 0.1s and a rest period of 0.9s between load pulses.  Apply the loads continuously for the warm conditioning period of 18 hours ( 5 minutes.

7. Measure and record the circumference at the mid section of the specimen after six hours of conditioning.  Stop the loading if the change in circumference after 6 hours of conditioning exceeds 2 percent of the initial circumference of the specimen.

8. Once the conditioning period of 18 hours is completed, stop the water flow.  Close the vacuum valve, water valve, and flow meter. Open the bypass valve, bringing the system to the atmospheric pressure. Stop loading the specimen.  Remove the load completely from the specimen. 
9. Reduce the temperature of the environmental chamber to 25(C.  For quick drop of temperature, it is recommended that the temperature be set at 15(C (59 (F) and wait for one hour and 30 minutes before setting the temperature of the environmental chamber to 25(C (77(F).  The time it takes for the specimen to cool down from 60ºC to 25ºC depends on the efficiency of the environmental system.  The experience at PSU is that it takes about 6 hours to get from 60ºC at the end of conditioning to equilibrate at 25ºC at the center of the specimen if the intermediate step of 15ºC temperature for 1.5 hours is included. The air temperature inside the environmental chamber gets from 60ºC to 25ºC in about 1.5 hours once the chamber temperature is set to 15ºC. The temperature at the center of the specimen is between 30 and 40ºC at the end of this 1.5 hours. 
7. Dynamic Modulus Measurement for Conditioned Specimens

1. After the temperature equilibrium is reached, apply a static load equal to 5 percent of the dynamic load that will be applied to the specimen.

2. Apply a sinusoidal load to the specimen using the desired frequency. The dynamic load should be adjusted to obtain axial strains between 100 ( 25 microstrain.

3. Apply the loading from highest to lowest frequency i.e., 25 Hz, 10 Hz, 5 Hz, 2 Hz and 1 Hz. Loading cycles at different frequencies are according to Table A.1.   

4. After completion of each test frequency, analyze the data using Quality Indicator Excel spreadsheet.  If the quality of data is not acceptable, identify the source of problem and repeat the test.

5. After modulus measurement, dismantle the specimen assembly and measure weight of the specimen to record any loss in saturation during conditioning.
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