


Types of Tests 

• 2 types: 

– Non-destructive 

– Destructive 

Non-destructive 

• Deflection response to load 

• Riding quality 

• Pavement surface condition 

Destructive: 

• Coreing/augering & sampling 

• Insitu CBR 

• Trenching 



Deflection Response 

• Benkelman Beam 

– Without bowls 

– With bowls 

• Deflectograph 

• Falling Weight Deflectometer 



Riding quality 

• NAASRA Roughness Meter 

• Longitudinal profile (Quarter Car 

Simulation) 

 

 



Pavement Surface Condition 

• Rutting  

• Straight edge 

• CONDAS Trailer 

• Cracking (visual assessment) 

• Texture (visual assessment) 



Typical Deflection Bowl 



Benkelman Beam Test 



Deflection Surveys 

The spacing of successive deflection tests is as follows: 

Urban Areas 

• Both inner and outer wheel paths for all lanes 

• 25 m: heavy commercial vehicle lane (usually the 

outer lane) 

• 50 m: fast lane 

• 10 m: areas of high distress 

 



Deflection Surveys 

Rural Areas 
- Both inner and outer wheel paths for all lanes 
- 50 m: all lanes (this would be staggered between 
adjacent lanes) 
 

The recording for deflection surveys consists of: 
- MRDAS 

 - Paper backup 

 - Direction/lane description/wheel path description 



FWD Testing 



Residual Deflections 

• Residual deflections represent the ‘permanent’ deformation 

of a pavement 

• Residual deflections can be +ve or -ve 



Deflection Ratio 

Deflection ratio is used to indicate the stiffness of the 
pavement structure and is ‘fairly’ independent of 
surfacing type (AC/spray seal) or sub-grade CBR 

  Deflection Ratio = D250 / D0 

Deflection ratio of: 

• > 0.8 indicates CTB or CTSB bound pavement 

• 0.6 – 0.8 indicates good quality unbound pavement 

• < 0.6 indicates a possible weakness in the pavement 
materials 

 



Modulus vs. Deflection Ratio 



Curvature Function 

• Curvature function is used to predict the fatigue 

life of an applied asphalt surfacing overlay or an 

existing asphalt surfacing 

 Curvature Function = D0 – D200 

– Representative curvature is determined as the 

mean of the curvature functions 

– Representative of C.F. should have a C.V. of < 

30% 



D900 Value vs. CBR Value 



Bowl Survey Data 

• Deflection  Strength 

• Defln. Ratio  Stiffness 

• Residual Defln. Ratio  Upper Pvt. or Surface 

• Curvature  Asphalt Fatigue 

• Deflection 900  Subgrade 



Typical Deflectometer Report 



Deflection Criteria – Benkelman Beam Test 

Granular Pavements 



Deflection (mm) vs. Deflection Ratio for 

Granular Pavements 



Typical Deflection Results for New 

Pavements 



Design Exercise 1 

The results of a Benkelmen beam deflection survey for a 
section of Toowoomba – Karara Road is attached. 

1. Determine homogenous lots for both inner and outer 
wheelpaths. 

2. Compare the representative values of the following for the 
homogenous sections for both inner and outer wheel paths: 

 - rebound deflections 

 - residual deflections 

 - deflection ratio 

 - curvature function 



Design Exercise 1 (cont.) 

3. For these sections, based on the deflection results, 

comment on the following: 

 - stiffness of the pavement material 

 - condition of the subgrade 







Exercise 1 Answers 



Deflection Bowl 



Deflection Bowl 



Summary of likely symptoms for moisture in new 

construction (guidelines for interpreting bowl data) 

Problem Likely symptoms 

Moist 

base 

1. Residual deflections >0.15 mm or >25% of maximum 

deflection. Negative residuals may indicate weak surfacing and 

squeezing between the truck wheels, whereas positive residuals 

may indicate stiffer surfacing and shoving of the base sideways 

or ahead of the wheels. 

2. Ten percentile lowest (10%L) deflection ratios are likely to be 

<0.60. However, very wet bases can exhibit significant plastic 

deformations which mask the real deflection ratio and give a 

high deflection ratio value. 

3. Kinks and other shape abnormalities in the bowl shapes, 

resulting from plastic deformation to the pavement. Boel shapes 

are best examined individually on a computer screen using the 

analysis software. 



Summary of likely symptoms for moisture in new 

construction (guidelines for interpreting bowl data) 

Problem Likely symptoms 

Moist subgrade 

and dry 

pavements 

1. Rebound deflections are likely to be high, in excess or 

well in excess of 1.00 mm. 

2. CBR values estimated from D900 values will be low (e.g. 

CBR <5). 

Moist base and 

moist subgrade 

1.  All or most of the above symptoms are likely to be present. 



Asphalt Fatigue 

 

 

 

 

 

• Tensile Strain in asphalt depends on: 

– Traffic (E.S.A.’s) 

– Temperature 

– Thickness 



Historic Tolerable Deflection Criterion – 

Unbound Pavements 



Historic Tolerable Deflection Criterion – 

Unbound Pavements 



Historic Tolerable Deflection Criterion – 

Unbound Pavements 



Deflection Reduction Overlay Design 

Philosophy 



Tolerable Deflection 

Normal Design Standard 



Tolerable Deflection 

Normal Design Standard 



Granular Overlay Process 



Asphalt Overlay Process 



Temperature Zones 

for Design of 

Pavements with 

Asphalt Layers 



Asphalt Fatigue Criteria 



Influence of Temperature Variations 

1. Rebound Deflection (D0) 

2. Curvature Function (D0 – D200) 



Temperature Correction Curve 

Curvature Adjustment 



Temperature Correction Curve 

Deflection Adjustment 



Asphalt Stiffness 

Relationships 



Selection of Homogenous Lots 

• Study bowl plots and delete bad bowls 

• If AC surfacing – temperature correction 

• Plot rebound deflections and residual deflections 

(check high/low) 

• Visually subdivide rebound deflection plots into 

uniform subsections 



Selection of Homogenous Lots 

(cont.) 

• Determine statistical values 

– Mean (    ) 

– Standard Deviation (s.d.) 

– Coefficient of variation (s.d./    ) 

For both IWP and OWP for rebound deflection 

 

• If CV < 30% lot is homogenous 

• If CV > 30% lot requires further subdivision until 
CV is < 30% 

x

x



Seasonal Correction Factors 



Moisture Correction Factors 

Depend on: 

• Subgrade type 

• Rainfall 

• Location of water table 

• Pavement type 



Moisture Correction 

• Moisture movement occurs in pavements 

generally in the outer wheel paths only (assuming 

reasonable pavement drainage) 

• CBR of the subgrade also varies with moisture 

• Example: 



Moisture Correction (cont.) 

• Moisture correction factors are applied to the IWP 

Deflections in order to simulate the worst 

expected conditions in the outer wheel path 



Case Study 1 

• Metro South District – Church Street 

• Granular, thin asphalt, built 1974 

• Past traffic = 1.8 X 10^6 ESAs 

• Details of results for the homogenous section: 
OWP, Westbound: 

– 1. Summary of Condition Assessment 

Pavement Shape: fair – good 

Some minor patching 

Onset of cracking, mainly OWP 

Rutting length 20 mm in OWP over = 20% 

 



Case Study 1 (cont.) 

• Details of results for the homogenous section: 

OWP, Westbound: 

– 2. Structural Assessment 

• Rep. Defln. = 0.99 mm, D900 = 0.27 

• Defln. Ratio = 0.55 

• Residuals  0.16, < 25% Max. Defln. 

 

• Verified  Overlay Design 



Case Study 2 

• Tarong Power Station access road 

• Granular pavement, chip seal, 4 yrs old, past 
traffic: 3 X 10^5 ESA 

• Details of Results for typical section: OWP, 
Eastbound 

– 1. Structural Assessment 

• Rep. Defln. = 0.95 mm, D900 = 0.20 

• Defln. Ratio = 0.55 mm 

• Residuals = <0.15 mm, < 25% max 



Case Study 2 (cont.) 

• Details of Results for typical section: OWP, 

Eastbound 

– 2. Visual Assessment 

• Extensively cracked, rutted, patched 

 

• NOT VERIFIED 

– Investigation material quality 

• No overlay design 

• CBR charts 

 



Possible Causes for Dr < Expected in 

Case Study 2 

• Distress results from pavement material inadequacy 
under load 

– Additional testing (pavement and subgrade 
material properties) needed to verify this and hence 
determine type of remedial treatment 

 

• Non – Load associated factors are active and have 
significantly increased distress 

– E.g. Degradation of pavement materials under 
environmental influences 

 



Solution – Case 2 

• Do not proceed with an overlay design based on 
deflection levels 

• Look for alternative treatments/design methods 

• The following alternative treatments could be 
considered: 

– Surface subsurface drainage improvements 

– Provision of a competent seal 

– Sealing or improvements to shoulders 

– Modification or stabilisation of pavement materials 



Possible Case - 3 

• Granular Pavement 

• Past traffic 2 X 10^6 ESAs 

– 1. Structural Assessment 

• Reb. Defln = 1.2 mm; D900 = 0.23 

• Defln. Ratio = 0.65 

• Residuals = 0.16; < 25% max Defln. 

– 2. Visual Assessment 

• Pavement Shape: fair – good 

• Some minor patching 

• Some minor rutting 

• Overlay design based on deflection is possible by considering 
the possible causes 



Case 3 (Dr > Expected) 

Possible Causes Solutions 

Deflection testing in 

extreme climatic 

conditions  

Overlay design based on moisture 

corrected IWP deflection levels 

Inadequate surface or 

subsurface drainage 

•Correct surface profile and/or 

competent seal 

•Provide subsurface drainage 

•Widen to full width 

•Overlay design based on moisture 

corrected IWP deflection levels 



Case 3 (Dr > Expected) (cont.) 

Possible Causes Solutions 

Recent reseal gives a false 

impression of surface 

condition 

Overlay design based on the 

representative deflection level 

Non typical deflection 

response for the type of 

pavement 

Testing of pavement and subgrade 

materials 


