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Background Information
Road P24/1, between the N12 and the North West and Gauteng border, is being investigated to determine appropriate rehabilitation strategies.  
The road is a two lane single carriageway which forms a link between the Vaal Triangle industrial region and the N12.  The section of the road is approximately 26 km in length. The road was opened to traffic in 1964.  Table 1 summarises the construction and maintenance details based on the North West Province PMS.  

Table 1.	PMS Pavement Structure and Maintenance Details	
	Structure

	Layer
	Layer thickness (mm)
	PMS Description

	1
2
3
4
5
	-
150
150
150
-
	19 mm bituminous single seal with slurry 1
Graded crushed stone 3
Cemented natural gravel, C3 3
Natural gravel, G7 3
G9 5

	Note:  PMS correction codes indicate confidence in data, 1 is highest, 5 is lowest.

	Maintenance

	Year
	Action

	1976
1984
1993
	9 mm single seal 
9 mm single seal
Diluted emulsion



The area can be classified as sub-humid warm according to the Thornthwaite system and the Weinert N-value is between 3 and 4.  Based on these macroclimatic indicators, the road is located in a moderate region.   
Based on historical traffic data, the road has carried approximately 1.7 and 4.3 million equivalent standard axles (MESA) over the 45 years the road has been in service.  The road is considered a Category B road based on the TRH4 definitions.  
A broad spectrum of materials and instrument surveys were conducted in order to assess the current condition of the road. Available information, which is included in the Excel file “materials.xls”, is shown in Table 2.

Table 2.	Available data
	Data Type
	Comments

	Trial Pits
	Several trial pits were opened in February 2009.  General material information (PI, GM, Grading and CBR) is available.  

	Dynamic cone penetrometer (DCP)
	Twelve DCP tests were executed in February 2009.

	Falling Weight Deflectometer (FWD)
	Measured in June 2008 in both directions at 500 m intervals.



At the time of the data collection, the road is in dire need of treatment, and is characterised by areas exhibiting bleeding, high voids, stone loss, and mechanical damage.  Although shoulder drop offs occur, the gravel shoulders are generally in good condition and water flow is not restricted.  Cracking and pumping occurs on this section, and rutting is generally in the order of 10 mm.  Deep ruts are localised and sporadic.  Longitudinal cracking occurs and patches, especially patched potholes occur.  DISCLAIMER:	Data have been manipulated to suit the purposes of this course.  Please do not quote these data, nor the results.


 DISCLAIMER:  
These data have been manipulated to suit the objectives of this course.  Please do not quote the data, nor your analysis results.  

Statistics Assignment



Open the “Backcalcs.xls” Excel file and familiarise yourself with the data.  

Using the base layer backcalculated stiffness data in Backcalcs.xls, calculate the following statistics:

· Number of observations
· 10th percentile
· Median
· 90th percentile


Hints:

The necessary Excel commands are:
	=count(range)
	=median(range)
	=percentile(range,percentile), i.e. the 10th percentile is =percentile(range,0.1)

Calculate the statistics in the order given in the bullet list.  This will make it easier to copy into the template in the next assignment.  


Materials Classification Assignment


Determine the material class of the base layer based on the available information.  Use the granular material classification criteria.  This involves:
Data preparation:
1. Open the “materials.xls” Excel file to investigate what data are available.  The “materials data” worksheet contains the trial pit results as normally reported by the lab.  The data has been reorganised by grouping the surfacing, base and subbase layers in the “materials anal.” worksheet.  This grouping is more useful for the Material Classification System.  
2. Look up Tables A.4 to A.6 and Figure A.8 in TG2 to see which data can be used in the granular material classification system.
3. For those criteria/tests that require conversion to ratings, determine the ratings.  For the grading rating you can use the “grading” worksheet in “materials.xls” to plot the grading within the TRH14 envelope or use the gradings envelope included with these assignments.  
4. The DCP data are in the “DCP” worksheet.  PenRate2 represents the penetration rate of the base layer.
5. Calculate the statistics for the materials and DCP data.
Populate the template:
6. Open up the Rubicon Toolbox Website:  www.rubicontoolbox.com.  Go to the Online Tools.  Log in using the username and password given to you.
7. Under the Design Tools heading, click on the DEMAC Materials Classification System (2020).  Download and Save the “Example Template”.  
8. Read the instructions at the top of the template CAREFULLY.  
9. Start copying in the statistics you calculated for the FWD, Materials and DCP data.  
Hint:	To transpose the data columns to rows use the Excel command: Paste Special, Transpose, Values.  The values option will paste the actual values and not the formulae.  
Using the Material Classification Software
10. Go back to the Online Tools, DEMAC Material Classification.  Select “Select Prepared Template” and follow the on-screen instructions.
11. The summary report of the materials classification will appear on the screen.  To copy the report into Excel/Word to save, right click on the report and select “copy”.  Then, in Excel/Word right click and select “Paste Special, bitmap”.
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G4 Grading Specification from TRH14


Pavement Number Assignment



The detail assessment of P24/1 between km 0 and 26.1 suggests the actual pavement structure is as follows:

	Surfacing	Old seals
	150 mm	G5 natural gravel base
	150 mm 	G6 natural gravel subbase
	150 mm 	G7 natural gravel selected layer
			G8 subgrade

1. Determine the expected remaining life of the existing pavement structure first using Microsoft Excel or by hand using the relevant tables in TG2.  Then, check your calculation with the online software.    
Hint:	Use the table on the following page to do your calculations.    

The road needs to be rehabilitated to carry traffic for 20 years, between 3 and 4.5 MESA.  
2. Investigate a design that recycles the existing base layer with BSM-foam, with a seal or asphalt surfacing. 
3. Investigate a design that brings in a new BSM layer, with a seal or asphalt surfacing.
Hint:	With this option you will have to reduce the now 6 layer pavement structure to 5 layers, as per the PN method rules.  To do this, use the guidelines on Page 183 of TG2 (2020).  
4. Investigate an asphalt overlay.  

	
	Recycled base layer
	New BSM layer
	Asphalt Overlay

	Pavement details
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Pavement Number
	
	
	

	Pavement Capacity
	
	
	



5. Decide which design is the most appropriate.  Note down some reasons for your decision.


	Subgrade Class
	

	Initial Stiffness
	

	Climate
	

	Climate Adjustment
	

	Cover Depth
	

	Cover Adjustment
	

	Subgrade ELTS
	



	Column 1
	Column 2
	Column 3
	Column 4
	Column 5
	Column 6
	Column 7
	Column 8
	Column 9

	Layer
	Thickness
	Material Class
	Modular Ratio
	Maximum Stiffness (MPa)
	ELTS (MPa)
	Thickness Adjustment
	BCF
	Layer Contribution

	Surfacing
	
	
	
	
	
	
	
	

	Base
	
	
	
	
	
	
	
	

	Subbase
	
	
	
	
	
	
	
	

	Selected
	
	
	
	
	
	
	
	

	Subgrade
	
	
	
	
	
	Pavement Number =
	

	
	
	
	
	
	
	Pavement Capacity =
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