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 Research into commonly utilised materials, methods, and equipment employed in 

reinstatement of openings in the highway.  

 Compaction behaviour of proprietary and modified backfill materials. 

 Performance criteria of methods and equipment used as prescribed within current 

specification requirements.  

 Evaluation of test beds reinstatement for commonly selected bituminous materials 

relating to air voids.  

 Comparison of results in relation to SROH (Specification for Reinstatement for 

Openings in the Highway) – NRSWA (New Roads and Street Works Act) 1991. 
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Method Summary 
 

 Nine test beds excavated within concrete slab to depth 1m with surface area of 1m² 

 1m measurement scale placed within each excavation to allow for verification of 

compacted layer depth for each material and method. 

 Selected backfill materials were: 

o Type 1 

o Recycled Type 1 

o Hydraulically Bound Mixture 

 Selected compaction equipment: 

o 50kg Vibrotamper 

o 1800kg/m² Vibrating Plate 

o 1000kg/m Vibrating Roller 

 Backfill materials laid as prescribed under SROH with greater depths being applied in 

some test beds for comparative and measurement purposes as detailed in 2.1 to 2.9 

of this document. 

 Backfill on all test beds subjected to UKAS accredited test method to determine 

effectiveness of compaction efforts. 

 All bituminous materials were laid as per prescribed methods detailed in 2.10 to 2.19 

of this document. 

 All bituminous layers were applied within optimum temperature ranges prescribed 

within SROH for each material. 

 Laboratory core samples were extracted to allow UKAS approved test methods 

relating to compaction of backfill, bituminous air voids testing, and bituminous 

materials analysis. 

 Once samples were retrieved for each test bed it was prepared for introduction of 

next product. 

 Continuous monitoring of methodology prescribed, temperature of material, and 

digital imaging utilised to ensure no deviation from requirement.   
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Conclusions & Observations summary 
 

 All backfill layers to be completed as recommended in SROH for all materials 

 Visual inspection alone cannot determine compaction effort. 

 300mm layer application of GSB Type 1 and Recycled Type 1 (Test beds 2 & 5) both 

achieved compaction requirements in relation to this trial. 

 HBM materials should always be laid in accordance with current requirement of 

SROH to ensure performance criteria are achieved immediately after completion. 

 Operatives to have a clearer understanding of suitability of differing compaction 

equipment in relation to selected materials. 

 Operatives to have a clearer understanding of importance of compaction efforts and 

recognised means of achieving conformance. 

 Impact hammers can only verify surface modulus and would require application on 

each compacted backfill layer to provide reasonable results for overall performance. 

 50kg Vibrotamper provided good results on all backfill materials when used in 

recommended manner for layer thickness and passes required. 

 Full depth backfill penetrographs clearly show dissipation of force from compaction 

equipment regardless of number of passes. Again, such instances will show high 

readings on impact hammers and dynamic plate testing devices due to high surface 

modulus. 

 Results from penetrometer testing shows compaction failure on all materials 

backfilled to full depth in test beds 3, 6, and 9. 

 Bituminous materials should be laid in accordance with SROH requirement for 

compacted layer value and temperature for each product. 

 Observation of vibrotamper used in multiple layers and passes for bituminous 

materials appeared to be beyond design capability where device was having no 

further visual influence on material and was causing distress to both the material and 

the equipment. 

 In relation to AC 20 Binder Course material on test bed 4 there was separation at 

bond layer when core sample was extracted. It appears that the surface of the lower 

level was so densely compacted that the upper layer could not achieve bond even at 

optimum working temperature. 

 Compaction methods used on 6mm ACDSC had achieved specification requirement 

for voids across all nine test beds regardless of method applied. 

 The exact same methods only achieved voids content conformance in three 

instances on 10mm ACCSC even when applying recommended methods under 

A2.6.1 and Table NG A8.3 of SROH. 

 Voids testing is a requirement quoted within Manual of Contract Documents for 

Highways Works (MCHW) section 903, clauses 8 to 14 which relates to machine 

laying methods.  

 Laboratory testing has shown when applying methods prescribed in SROH some of 

the results have not achieved voids conformance criteria. 

 There is no compromise of minimum voids criteria across all bituminous test 

samples. 
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 When considering the above comment should voids testing be undertaken 

immediately after laying of materials where dynamic loading may have considerable 

influence on flexible bituminous materials. 

Recommendations Summary 
 
 Specific training for operatives in correct selection and application of compaction 

equipment for relevant backfill materials. 

 Training for operatives in verifying and testing compaction of backfills to ensure 

compliant reinstatement. 

 A need for greater understanding of application of impact hammers (Clegg – quoted 

in SROH) as surface modulus measurement on top layer cannot verify compaction. 

 A coding system (possibly colour related) which could be applied to compaction 

equipment to make it readily identifiable for operatives where job packs could include 

a basic compaction requirement schedule for selected materials. 

 All bituminous materials are flexible by definition and intervention by traffic loading 

will affect all reinstatements. Consideration and research should be given to time 

period between time of reinstatement and application of voids testing where 

continuous dynamic loading will influence outcome. 

 Current voids criteria published in SROH should be based on comprehensive 

research for both materials and equipment commonly used other than machine lay 

methods. Reference to such research would greatly assist in training and 

understanding as compliance has to be achievable using quoted methodologies 

within SROH. 

 If this is not readily available, it is suggested that all voids testing results should be 

excluded from non-compliant specification requirements until research into 

reinstatement methodologies currently specified within SROH can achieve minimum 

requirement through traceable and repeatable test methods (other than theoretical).  

 Simplification and clarification of compaction requirements for bituminous materials 

where current version of SROH in Table A2.1 and Table NG A8.3 provides confusion 

to operatives as they appear to contradict each other. 
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1.1 PURPOSE 
 
The purpose of this document and associated trial was to determine the suitability 
and selection of primary compaction devices currently employed in reinstatement of 
unbound and bituminous materials. 
In light of developments relating to bituminous materials being tested for compaction 
and voids issues, the possibility of easily identifying correct compaction equipment 
and procedures to ensure compliance with SROH is highly relevant. 
 
This trial was undertaken through fully traceable and accredited measurement, whilst 
validating all methods and procedures employed and was based primarily around 
current standard materials, procedures, and relevant compaction equipment used in 
relation to reinstatements subject to specification requirements of the SROH 
(Specification for Reinstatement of Openings in the Highway). 
 
Along with identifying the materials, methods, and equipment being used, it was 
decided that a coding (possibly colour) system could be introduced to provide an 
easier method for operatives to correctly select compaction equipment. This could be 
applied for all primarily used bituminous materials within the utilities and street-works 
industry. The idea being that such a system would allow operatives to select the best 
option for successful compaction of the material and the correct application of its 
usage. 
 
In relation to utilities and street-works applications there are three primary types of 
compaction equipment, commonly known as: 
 

 Trench rammer 

 Vibro-plate (wacker plate) 

 Single drum vibrating roller 
 
Major works or undertakings are more likely to employ the use of heavier or more 
specialised equipment more suited to individual tasks. 
 
With regard to current bituminous materials being used the primary examples would 
be: 

 Asphalt Concretes 

 Hot Rolled Asphalt 

 Stone Mastic Asphalt 
 
Individual specifications and preparations exist for each of the above which relate to 
aggregate size, binder strength and content, material selection. 
 
These materials have a method for compacted lift thickness which will also be 
related to the individual type and application of equipment selected. At time of 
compiling this document, there is no absolute minimum requirement for compaction 
equipment. However, it is advisable to introduce materials in compacted lift 
thicknesses as shown within the SROH and applying sufficient usage of selected 
compaction device to ensure compliance. 
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Compliance will be further assisted by application of easily identifiable system to 
ensure whatever equipment is selected, that it is used in such a manner to ensure 
required level of compaction is achieved. Also to allow operatives to fully understand 
and relate to effort required to ensure occurrence of air voids within materials are far 
less likely when selecting correct compaction equipment. 
 
In most cases there is a combination of compaction equipment being employed 
primarily due to size of excavations utilised. An example would be a narrow road 
trench has multiple layers of bituminous materials compacted to requirement using a 
trench rammer, with a roller being employed for the final finished layer. 
 
Where a coding system is developed and applied, an allowance for a recommended 
method of compacted lifts for material and compaction device could be employed. 
 
Advanced testing will provide information to show extent (if any) of voids present for 
each material used and the compaction effort required by each device to ensure 
compliance is more readily achieved. 
 
Evidence of traceability in relation to material options and compliance with relevant 
BS EN standards has been recorded. All compaction equipment has up to date 
service or calibration records to verify each device was suitable for purpose and 
working at full functionality. 
 
Selected materials were used within an area of nine trial test beds, each at a 
minimum of 1000mm depth which will allow for majority of site based requirement 
scenarios. Greater depths still required recommended compacted lift thickness and 
will not have a bearing on the outcome of this trial. 
 
Prior to introduction of bituminous materials all test beds had a well compacted and 
level base which was verified by laboratory test to ensure no loss of compaction 
effort was dissipated or lost. This also allowed for identification of compacted layers 
of proprietary and recycled materials for conformance measurement using a variable 
energy input dynamic cone penetrometer (Panda2).  
 
Once material was selected, each test bed was reinstated according to a pre-
prescribed method for layer values and equipment options applied whilst ensuring 
optimum working temperatures were maintained and recorded. This allowed for 
traceability of results to ensure all performance criteria were maintained in relation to 
workability of material. The primary objective was to apply the use of each material 
through minimum SROH requirement for each device and to identify issues arising 
from single layer (full depth reinstatement) for such devices.  
 
Once material test beds reached ambient temperature (following day), a core sample 
was extracted using approved laboratory methods from each test bed, and 
subsequently tested for presence and extent of voids for each procedure. Results 
gained from each material supplied a clear and traceable measurement to identify 
what compaction devices are suited to each product, the application of such devices, 
and the recommended lift thickness for each. 
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This allows for the possibility of a coding to be applied for each device, along with a 
guideline as to what materials and compacted lift thickness it is suited for if any. 
 
 
1.2 OBSERVATION & BENEFIT 
 

The methods used within this trial allowed for full and controlled scrutiny in relation to 
material selection, equipment selection, and methods applied or required when 
compacting both unbound and bituminous materials. 
This provided invaluable information to assist in identifying suitable equipment and 
work methods applied with regard to compliant compaction achievement for each 
material selected. All testing was carried out under controlled and accredited 
laboratory conditions in order to provide traceable results to ensure compliance with 
method under current specification requirements.  
This document will report on all methods and materials used within the trial which 
was compiled to provide definitive results in relation to ascertaining suitable 
compaction machinery for each task. 
 
1.3 TEST BEDS 
The following will show installation criteria for each test bed and location prior to 
bituminous application and allowed for testing of backfill layers and compaction 
efforts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test Bed 1 
Type 1 at 

150mm layers 

leaving 100mm 

for bituminous 

 

Test Bed 2 
Type 1 at 

300mm layers 

leaving 100mm 

for bituminous 

 

 

Test Bed 9 
HBM to full 

depth leaving 

100mm for 

bituminous 

 

 

Test Bed 8 
HBM at 

300mm layers 

leaving 100mm 

for bituminous 

 

 

Test Bed 3 
Type 1 to full 

depth leaving 

100mm for 

bituminous 

 

 

Test Bed 5 
Recycled Type 1 

at 300mm layers 

leaving 100mm 

for bituminous 

 

 

Test Bed 4 
Recycled Type 1 

at 150mm layers 

leaving 100mm 

for bituminous 

 

 

Test Bed 7 
HBM at 

150mm layers 

leaving 100mm 

for bituminous 

 

 

Test Bed 6 
Recycled Type 1 

to full depth 

leaving 100mm 

for bituminous 
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1.4 Test beds bituminous (all layers compacted) 
Once each test was completed and core samples extracted the test beds were 
prepared for the next bituminous sample. 
Materials identified to be subjected to testing were: 
 
6mm ACDSC 
10mm ACCSC 
20mm ACDBC 
10mm SMASC 
30/14 HRASC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All equipment and methods used were monitored and recorded in accordance with 
current version of SROH recommended specification requirements. Each test bed 
was also subjected to UKAS accredited testing and methods in relation to acquiring 
accurate measurement for each scenario. 
 
Personnel selected for these works were all current holders of NRSWA accreditation 
and relevant CITB qualifications for operation of plant and machinery. Full safety 
guidelines and PPE was employed at all times. 
 
 
 
 

Test Bed 1 
 

1-Vibrotamper 

1-Vibrating 

Plate 

 

Test Bed 2 
 

2-Vibrotamper 

1-Vibrating 

Plate  

 

Test Bed 3 
 

3-Vibrotamper 

1-Vibrating 

Plate  

 

Test Bed 4 
 

1-Vibrotamper 

1-Roller 

 

 

Test Bed 5 
 

2-Vibrotamper 

1-Roller 

 

Test Bed 6 
 

3-Vibrotamper 

1-Roller 

 

Test Bed 7 
 

1-Vibrating 

Plate 

 

Test Bed 8 
 

2-Vibrating 

Plate 

 

Test Bed 9 
 

3-Vibrating 

Plate 
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2.0 METHOD 
 
Nine test beds had been prepared at Scratchwood recycling facility which were 
inspected and deemed as suitable for purpose in relation to undertaking. These were 
located within a concrete slab with suitable separation for works to be completed 
without hindrance. 
Each test bed was excavated to a depth of 1m which allowed for introduction of 
backfill layers using differing materials and methods with the top 100mm being left 
for introduction of bituminous materials. All personnel involved with excavation and 
reinstatement were fully accredited NRSWA operatives with all relevant training and 
qualifications in place. 
For the purpose of this document the materials selected for backfill were as follows: 

 GSB Type 1 

 Certified Recycled Type 1 

 Certified HBM material 

In relation to bituminous materials, all of the 9 test beds had the top 100mm 
reinstated with a single product using differing methods and equipment for each. 
Upon reaching ambient temperatures, each location was subjected to testing to 
determine performance, specification, and methodology compliance. 
The initial bituminous materials selected for inclusion (but not limited to) were: 

 AC 6 Dense Surface Course 

 AC 10 Close Surface Course 

 AC 20 Binder Course 

 SMA 10 Surface Course 

 HRA Surface Course 

A works method was prepared for each test bed and its relevant components and full 
traceability on materials specification, operating procedures, equipment selection, 
and works methods were applied. 
 
Prior to undertaking any works relating to reinstatement within test beds the following 
requirements were in place. 

1. Vibrotamper (50kg minimum) with relevant documentation to confirm it is 

suitable for purpose. 

2. Vibrating Plate (Over 1800kg/m²) with relevant documentation to confirm it is 

suitable for purpose. 

3. 1000-2000kg/m Single Drum Vibrating Roller with relevant documentation to 

confirm it is suitable for purpose. 

4. Temperature probe to measure delivery (Arrival = In the lorry within 30 

minutes of arrival on site) and laying temperature of bituminous materials to 

ensure compliance with SROH Table A2.3 

5. 1metre reference scale for photographic purposes relating to introduction of 

backfill layers only (not to be used as a definitive measurement but also a 

guide for operatives to achieve proposed compacted layer thickness). 
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6. Clear identification labels for each trial pit for photographic reference and 

verification. 

Preparation of each test bed was as follows: 

 Ensure minimum 1m depth from concrete slab surface 

 Installation of 1m “E” scale for photographic reference 

 Removal of any debris, spoil, and water (if present) 

 Record weather conditions. 

 Area around each test pit to be clean and free of obstruction 

 Clear identification for photographic reference 

 Installation of backfill materials as per work method prescribed for each trial 

pit. 

 Continuous monitoring and measurement of layer depths, working methods, 

and selected equipment relating to backfill materials. 

 Ensure all test beds are at prescribed levels and prepared as ready to receive 

bituminous material layers. 

 After each individual suite of tests for bituminous material has been 

completed, the bound materials will be removed and test beds prepared for 

next product. 

The material and method of laying for each test bed was as outlined below. This 
allowed for subsequent laboratory testing in relation to compaction efforts and 
achievements. 
 
 
2.1 TEST BED 1 – GSB TYPE 1 (8 passes per layer) 

1. 150mm compacted layer using min 50kg vibrotamper - photograph 

2. 150mm compacted layer using min 50kg vibrotamper - photograph  

3. 150mm compacted layer using min 50kg vibrotamper – photograph 

4. 150mm compacted layer using min 50kg vibrotamper – photograph 

5. 150mm compacted layer using min 50kg vibrotamper – photograph 

6. 150mm compacted layer using min 50kg vibrotamper - photograph 

2.2 TEST BED 2 – GSB TYPE 1 (8 passes per layer) 
1. 300mm compacted layer using min 50kg vibrotamper - photograph 

2. 300mm compacted layer using min 50kg vibrotamper - photograph 

3. 300mm compacted layer using min 50kg vibrotamper - photograph 

2.3 TEST BED 3 – GSB TYPE 1 (8 passes per layer) 
1. Single 900mm compacted layer using min 50kg vibrotamper - photograph 

2.4 TEST BED 4 – CERTIFIED RECYCLED TYPE 1 (8 passes per layer) 
1. 150mm compacted layer using min 50kg vibrotamper - photograph 

2. 150mm compacted layer using min 50kg vibrotamper - photograph 

3. 150mm compacted layer using min 50kg vibrotamper – photograph 

4. 150mm compacted layer using min 50kg vibrotamper – photograph 
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5. 150mm compacted layer using min 50kg vibrotamper – photograph 

6. 150mm compacted layer using min 50kg vibrotamper – photograph 

2.5 TEST BED 5 - CERTIFIED RECYCLED TYPE 1 (8 passes per layer) 
1. 300mm compacted layer using min 50kg vibrotamper - photograph 

2. 300mm compacted layer using min 50kg vibrotamper - photograph 

3. 300mm compacted layer using min 50kg vibrotamper - photograph 

2.6 TEST BED 6 - CERTIFIED RECYCLED TYPE 1 (8 passes per layer) 
1. Single 900mm compacted layer using min 50kg vibrotamper - photograph 

2.7 TEST BED 7  - CERTIFIED HBM MATERIAL (8 passes per layer) 
1. 150mm compacted layer using min 50kg vibrotamper - photograph 

2. 150mm compacted layer using min 50kg vibrotamper - photograph 

3. 150mm compacted layer using min 50kg vibrotamper - photograph 

4. 150mm compacted layer using min 50kg vibrotamper - photograph 

5. 150mm compacted layer using min 50kg vibrotamper - photograph 

6. 150mm compacted layer using min 50kg vibrotamper - photograph 

2.8 TEST BED 8 - CERTIFIED HBM MATERIAL (8 passes per layer) 
1. 300mm compacted layer using min 50kg vibrotamper - photograph 

2. 300mm compacted layer using min 50kg vibrotamper - photograph 

3. 300mm compacted layer using min 50kg vibrotamper - photograph 

2.9 TEST BED 9 - CERTIFIED HBM MATERIAL (8 passes per layer) 
1. Single 900mm compacted layer using min 50kg vibrotamper - photograph 

A laminated information card will be provided for each test bed which will provide 
details for test bed number, material selection, compacted layers, and method of 
application for equipment used.  
An example of which is shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TEST BED 1 
GSB Type 1 

6 Compacted Layers at 150mm  
Using 50kg Vibrotamper  
 8 passes for each layer 
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2.10 BITUMINOUS MATERIALS 
Each material was utilised across all 9 test beds and laid using the following 
procedures for each. This allowed for traceable measurement to be extracted from 
each test bed and its relevant properties. 
 
The method criteria for each material and equipment for each test bed was as 
follows. 
Take thermometer reading on rear of delivery lorry prior to using for each test bed to 
ensure material is at recommended arrival temperature as per SROH Table A2.3 
 
Take thermometer reading at each test bed when laying material to ensure laying 
temperature achieves recommended values as per SROH Table A2.3 
All aspects and methods were recorded on appropriate site documentation and each 
aspect of the process was digitally recorded through imaging with relevant 
identification labels in place. 
 
When test beds were deemed as suitable for the introduction of bituminous materials 
the working procedure for each product was clearly outlined for operative assistance 
in relation to layer thickness, compaction, and selected equipment.  
An example of information card follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TEST BED 1 
6mm ACDSC  

 
2 Compacted Layers  

 
L1: 50mm - 50kg Vibrotamper at 6 passes 
L2: 50mm - 1800kg/m² Vibrating Plate at 5 passes 
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2.11 TEST BED 1 (Temperature and photograph taken for each layer) 

1. 50mm compacted layer using min 50kg vibrotamper at 6 passes 

2. 50mm compacted layer using 1800kg/m² vibrating plate at 5 passes 

2.12 TEST BED 2 (Temperature and photograph taken for each layer) 
1. 35mm compacted layer using min 50kg vibrotamper at 5 passes.  

2. 35mm compacted layer using min 50kg vibrotamper at 5 passes.  

3. 30mm compacted layer using 1800kg/m² vibrating plate at 3 passes. 

2.13 TEST BED 3 (Temperature and photograph taken for each layer) 
1. 25mm compacted layer using min 50kg vibrotamper at 5 passes. 

2. 25mm compacted layer using min 50kg vibrotamper at 5 passes.  

3. 25mm compacted layer using min 50kg vibrotamper at 5 passes. 

4. 25mm compacted layer using 1800kg/m² vibrating plate at 3 passes.  

2.14 TEST BED 4 (Temperature and photograph taken for each layer) 
1. 50mm compacted layer using min 50kg vibrotamper at 6 passes. 

2. 50mm compacted layer using 1000kg/m single drum roller at 12 passes. 

2.15 TEST BED 5 (Temperature and photograph taken for each layer) 
1. 35mm compacted layer using min 50kg vibrotamper at 5 passes. 

2. 35mm compacted layer using min 50kg vibrotamper at 5 passes. 

3. 30mm compacted layer using 1000kg/m single drum roller at 10 passes. 

2.16 TEST BED 6 (Temperature and photograph taken for each layer) 
1. 25mm compacted layer using min 50kg vibrotamper at 5 passes. 

2. 25mm compacted layer using min 50kg vibrotamper at 5 passes.  

3. 25mm compacted layer using min 50kg vibrotamper at 5 passes.  

4. 25mm compacted layer using 1000kg/m single drum roller at 10 passes. 

2.17 TEST BED 7 (Temperature and photograph taken for each layer) 
1. 100mm compacted layer using 1800kg/m² vibrating plate at 8 passes.  

2.18 TEST BED 8 (Temperature and photograph taken for each layer) 
1. 50mm compacted layer using 1800kg/m² vibrating plate at 5 passes.  

2. 50mm compacted layer using 1800kg/m² vibrating plate at 5 passes.  

2.19 TEST BED 9 (Temperature and photograph taken for each layer) 
1. 35mm compacted layer using 1800kg/m² vibrating plate at 3 passes.  

2. 35mm compacted layer using 1800kg/m² vibrating plate at 3 passes. 

3. 30mm compacted layer using 1800kg/m² vibrating plate at 3 passes.  
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Method flow chart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Select appropriate and safe site for 

preparation of Test Beds 

Excavate Test Beds to 1m depth with 

suitable distance between each 

Place 1m measurement scales within 

test beds to allow for verification of 

backfill layer thickness 

Reinstate backfill using materials, 

equipment, and methods as prescribed 

for each test bed and record 

information 

Reinstate bituminous using materials, 

equipment, and methods as prescribed 

for each test bed and record 

temperatures and information 

Upon reaching ambient temperature, 

extract core samples under laboratory 

conditions 

Take relevant measurements 

for core from core samples and 

prepare for advanced 

laboratory testing 

Undertake compaction testing 

of backfilled layers using 

VEIDCP Penetrometer set to 

1m depth from surface 

Undertake voids testing on 

core samples for each 

bituminous sample  

Record and prepare results for 

each material and scenario of 

backfilled layers  

Prepare results for submission 

to final report   

Prepare results for submission 

to final report   

Compilation of final Report   

Observations and conclusions   
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3.0 COMPACTION EQUIPMENT 
 
Equipment used in this trial had been fully serviced with compliance and service 
records and labels in place.  
These devices are also the most commonly employed in relation to reinstatement of 
openings in the highway. 
 
Vibrotamper  
 
Figure 1. Vibrotamper with service information tag 
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Vibrating Plate  
 
Figure 2. Vibrating Plate with service information tag 
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Single Drum Vibrating Roller  
 
Figure 3. Vibrating Roller with service information tag 
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3.1 Thermometer 
 
The thermometer selected for bituminous temperature readings was verified as 
suitable for use by scale comparison with calibrated laboratory thermometer 
C3156/11and showed a variation of +0.8°C and -0.7°C over the five days of 
bituminous testing 
 
The device was regularly checked for deviation and was found to be functioning 
within acceptable parameters of +/- 1°C 
 
Figure 4. Verification of bituminous probe thermometer 

 

 
 

 
 

 
Table 1: Thermometer verification at ambient temperature 

 

Material Time Temp Control Value Time Temp Control Value 

Day 1 – 6mm 
ACDSC 

10.30 17.6°C 18.0°C -0.4°C 15.33 18.5°C 17.7°C 0.8°C 

Day 2 – 10mm 
ACCSC 

11.32 19.7°C 19.2°C 0.5°C 15.45 23.6°C 23.1°C 0.5°C 

Day 3 – 10mm 
SMASC 

10.21 20.2°C 19.9°C 0.3°C 16.05 26.1°C 25.5°C 0.6°C 

Day 4 – 20mm 
ACDBC 

09.58 18.5°C 19.1°C -0.6°C 15.22 24.2°C 24.9°C -0.7°C 

Day 5 – 30/14 
HRASC 

10.40 19.1°C 19.3°C -0.2°C 14.52 23.4°C 23.5°C -0.1°C 
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4.0  INTRODUCTION OF BACKFILL MATERIALS 
 
The test beds were prepared as described in sections 1 and 2 of this document and 
excavated to a depth of minimum 1m from surface of concrete slab.  
Each test bed had a sacrificial measurement scale placed to verify that prescribed 
compacted lift thickness had been achieved.  
All layers had been recorded individually by laboratory personnel and digital 
photographs taken to confirm requirement had been adhered to. 
 
Grab lorry was used to place materials into each test bed and closely monitored in 
relation to process and methods utilised for individual layers. All activities were 
recorded through digital imaging 
 
Figure 5. Grab lorry used for placement of materials 

 
 
Figure 6. Digital imaging of all applied layers and measurement 
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Backfill materials used 
 
There were three backfill materials selected for these trials  

 Proprietary GSB Type 1 

 Recycled Type 1 

 Hydraulically Bound Mixture (HBM) 

Delivery tickets for these materials have been included to provide evidence of correct 
selection and can be viewed below: 
 
Figure 7. Copy of delivery ticket for GSB Type 1 

 

 
 

Figure 8. Copy of delivery ticket for additional Type 1 required for Test bed 3 
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Figure 9. Copy of delivery ticket for recycled Type 1 and HBM materials 
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Test Bed 1 – GSB Type 1 
 
Proprietary GSB Type 1 laid in 150mm compacted layers as per Table A8.1 of the 
SROH with 8 passes of Vibrotamper as prescribed. The following images will show 
the procedure as it progressed. 
 
Figure 10. Backfill of Test Bed 1 at 150mm layers using proprietary GSB Type 1  
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Test Bed 2 – GSB Type 1 
 
Proprietary GSB Type 1 laid in 300mm compacted layers which will conflict with 
specified requirement of SROH, however, 8 passes of Vibrotamper were also 
applied to each layer. The following images will show the procedure as it progressed. 
 
Figure 11. Backfill of Test Bed 2 at 300mm layers using proprietary GSB Type 1  
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Test Bed 3 – GSB Type 1 
 
Proprietary GSB Type 1 laid in a single layer to full depth which will conflict with 
specified requirement of SROH. As per previous test beds there were 8 passes of 
Vibrotamper applied. 
 
Figure 12. Backfill of Test Bed 3 to full depth using proprietary GSB Type 1  
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Test Bed 4 – Recycled Type 1 (Certified Graded Granular Material) 
 
Recycled Type 1 laid in 150mm compacted layers as per Table A8.1 of the SROH 
with 8 passes of Vibrotamper applied for each layer. 
 
Figure 13. Backfill of Test Bed 4 at 150mm layers using recycled Type 1  
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Test Bed 5 – Recycled Type 1 (Certified Graded Granular Material) 
 
Recycled Type 1 laid in 300mm compacted layers which will conflict with specified 
requirement of SROH with 8 passes of Vibrotamper applied to each layer. 
 
Figure 14. Backfill of Test Bed 5 at 300mm layers using recycled Type 1  
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Test Bed 6 – Recycled Type 1 (Certified Graded Granular Material) 
 
Recycled Type 1 placed in a single layer to full depth which will conflict with specified 
requirement of SROH. As per previous test beds there were 8 passes of Vibrotamper 
applied. 
 
Figure 15. Backfill of Test Bed 6 to full depth using recycled Type 1  
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Test Bed 7 – Hydraulically Bound Mixture (HBM) 
 
Certified HBM material laid in 150mm compacted layers as per Table A8.1 of the 
SROH with 8 passes of Vibrotamper applied for each layer. 
 
Figure 16. Backfill of Test Bed 7 at 150mm layers using certified HBM material 
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Test Bed 8 – Hydraulically Bound Mixture (HBM) 
 
Certified HBM material laid in 300mm compacted layers which will conflict with 
specified requirement of SROH with 8 passes of Vibrotamper applied to each layer. 
 
Figure 17. Backfill of Test Bed 8 at 300mm layers using certified HBM material 
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Test Bed 9 – Hydraulically Bound Mixture (HBM) 
 
HBM material placed in a single layer to full depth which will conflict with specified 
requirement of SROH. There were 8 passes of Vibrotamper applied on the surface.  
 
Figure 18. Backfill of Test Bed 6 to full depth using certified HBM material 
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4.1 Compaction of Backfill – Laboratory testing 
 
Once all backfilled Test beds were completed to relevant requirement, the procedure 
allowed for a UKAS accredited method for test of compaction efforts for each 
material was applied.  
 
It was decided that such testing would be undertaken when extracting core samples 
from first selected bituminous material. 
 
This was by employing the Variable Energy Input Dynamic Cone Penetrometer 
otherwise known as Panda2 which is a fully accredited UKAS method. 
 
This identified values for ground resistance and density for each material and 
relevant layer method used.  
 
 
Figure 19. Panda 2 Penetrometer being used to measure compaction efforts 

 

 
 
The Penetrographs and Strike Tables included within this report will be provided for 
all 9 test beds and identifies where failure has occurred as a result of poor or 
insufficient compaction.  
This procedure also provides scientific data to determine if minimum requirements 
were achieved when considering non-standard layer depths which is especially 
relevant when measuring performance criteria of HBM materials. 
 
 
 



  Research Report  
CHD-RR-1112-001vB 

 

35 
Document Reference: CHD-RR-1112-001vA – Report prepared by B Murtagh 
©Corehard Ltd 2012 - Test Bed Trials – Reinstatement methods and procedures for reinstatement of openings in the Highway 
Research period:  April 2012 to August 2012                                                                                               Date: November 2012 

Compaction Testing Test Bed 1 – GSB Type 1 
Penetrograph 1 - Laid at 150mm layers at 8 passes of Vibrotamper 
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Strike Table for Test Bed 1 (measured in CBR% values) 
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Compaction Testing Test Bed 2 – GSB Type 1 
Penetrograph 1 - Laid at 300mm layers at 8 passes of Vibrotamper 
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Strike Table for Test Bed 2 (measured in CBR% values) 
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(Cont’d) Strike Table for Test Bed 2 (measured in CBR% values) 
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Compaction Testing Test Bed 3 – GSB Type 1 
Penetrograph 3 - Laid at to full depth with 8 passes of Vibrotamper 
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Strike Table for Test Bed 3 (measured in CBR% values) 
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Compaction Testing Test Bed 4 – Recycled Type 1 
Penetrograph 4 - Laid at 150mm layers at 8 passes of Vibrotamper 
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Strike Table for Test Bed 4 (measured in CBR% values) 
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Compaction Testing Test Bed 5 – Recycled Type 1 
Penetrograph 5 - Laid at 300mm layers at 8 passes of Vibrotamper 
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Strike Table for Test Bed 5 (measured in CBR% values) 
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Compaction Testing Test Bed 6 – GSB Type 1 
Penetrograph 6 - Laid at to full depth with 8 passes of Vibrotamper 
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Strike Table for Test Bed 6 (measured in CBR% values) 
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Compaction Testing Test Bed 7 – Hydraulically Bound Mixture 
Penetrograph 7 - Laid at 150mm layers at 8 passes of Vibrotamper 
 

 

HBM 

HBM 

HBM 

HBM 

HBM 
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Strike Table for Test Bed 7 (measured in CBR% values) 
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(Cont’d) - Strike Table for Test Bed 7 (measured in CBR% values) 
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Compaction Testing Test Bed 8 – Hydraulically Bound Mixture 
Penetrograph 8 - Laid at 300mm layers at 8 passes of Vibrotamper 
 

 

HBM 

HBM 

HBM 

HBM 

HBM 
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Strike Table for Test Bed 8 (measured in CBR% values) 
 

 



  Research Report  
CHD-RR-1112-001vB 

 

53 
Document Reference: CHD-RR-1112-001vA – Report prepared by B Murtagh 
©Corehard Ltd 2012 - Test Bed Trials – Reinstatement methods and procedures for reinstatement of openings in the Highway 
Research period:  April 2012 to August 2012                                                                                               Date: November 2012 

 
Compaction Testing Test Bed 9 – Hydraulically Bound Mixture 
Penetrograph 9 - Laid to full depth with at 8 passes of Vibrotamper 
 

 

HBM 

HBM 

HBM 

HBM 

HBM 
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Strike Table for Test Bed 9 (measured in CBR% values) 
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4.2 Analysis of backfill compaction results  
 
Test Bed 1 (See 2.1) 
GSB Type 1 was backfilled in 150mm compacted layers with 8 passes of 
vibrotamper for each.  
When this test bed was subjected to Penetrometer testing it was found that the 
device alarmed due to the extreme high resistivity of the compacted material at a 
depth of 154mm which would coincide with the top of the subsequent compacted 
layer when measured from the surface.  
This will confirm that the test bed has been compacted to an extremely high standard 
and would be very unlikely to subside when subjected to dynamic load bearing 
forces applied by subsequent traffic. 
 
Test Bed 2 (See 2.2) 
GSB Type 1 was backfilled in 300mm compacted layers with 8 passes of 
vibrotamper for each.  
In this case the penetrometer had proceeded to a depth at approx 500mm from 
surface of backfill where alarm sounded. The penetrograph and strike table also 
confirms that an increase in density was occurring from depth 478mm which verifies 
the approach to the next compacted layer.  
This result provides evidence of sufficient compaction being achieved for this 
material based on the number of passes being employed. It should be noted that 
layer values are not as recommended for this material within the SROH, but 
compliance has been achieved and therefore would pass when employing UKAS 
compaction test method. 
It should also be noted that such results are only achievable when correct equipment 
and sufficient passes are applied. 
 
Test Bed 3 (See 2.3) 
GSB Type 1 was backfilled to full depth with 8 passes of vibrotamper on surface 
once levelled.  
The penetrograph for this test bed will show that the compaction requirement for this 
material has failed at depth approximately 550mm from surface. It also proves that 
dissipation of force relating to selected equipment has a significant bearing on 
compaction values at lower levels.  
This will confirm that in most cases subsidence will be as a direct result of poor 
attention to layers and compaction efforts made through the backfill process. It is 
highly likely to manifest over time through “settling” of underlying materials when 
subjected to dynamic loading as a result of traffic travelling over the finished surface. 
 
Test Bed 4 (See 2.4) 
Recycled Type 1 placed in 150mm compacted layers with 8 passes of vibrotamper 
for each layer. 
The penetrometer travelled to a depth of 324mm from surface of backfill where it 
alarmed at an extremely high reading of 313%CBR which would coincide with the 
surface of the second layer from top. As with Test Bed 1, the method prescribed 
within the SROH for both material and equipment provides a robust reinstatement 
foundation with very little likelihood of subsidence. 
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Even though the penetrograph trace is demonstrating high resistance the compacted 
layers are easily identified from both the graphic output and the strike readings. 
 
Test Bed 5 (See 2.5) 
Recycled Type 1 placed in 300mm compacted layers with 8 passes of vibrotamper 
for each layer. 
The penetrometer reached a depth approaching 800mm from surface where test 
ceased as a result of device alarm.  
As mentioned in description for Test Bed 2 the applied method in this case moves 
away from recommended layer depths prescribed within SROH of 150mm but 
maintains the requirement of 8 passes when using the vibropamper. 
However, when looking at the test result it is apparent that sufficient compaction has 
been achieved on both the penetrograph and the strike table with average readings 
in excess of 130%CBR. 
Again,  it should also be noted that such results are only achievable when correct 
equipment and sufficient passes are applied. 
 
Test Bed 6 (See 2.6) 
As with Test Bed 3, the backfill was introduced to full depth with 8 passes of 
vibrotamper on the surface.  
What is most apparent is the direct comparison with Test Bed 3 where the 
compaction requirement fails at almost exactly the same depth which provides 
evidence of repeatability of test results.  
This also highlights the requirement to ensure individual layers are sufficiently 
compacted and monitored.  
The penetrograph will show that an impact test on top of backfill (Clegg Test or 
Dynamic Plate Test) would provide a good result for surface modulus but could not 
identify the underlying problem for lack of compaction below. 
 
Test Bed 7 (See 2.7) 
A certified hydraulically bound mixture was backfilled in 150mm compacted layers 
with 8 passes of vibrotamper for each. 
 As with the WRAP Technical Report on compaction trials it is found that HBM 
materials have a consistent resistance when compacted using the correct method 
and manner. 
They also have the added benefit of increasing in resistance as the stabilise over a a 
short period of time. However, until that time has elapsed, they are required to meet 
performance criteria for compaction requirements to allow reinstatement to conform 
to minimum standards on job completion.  
The penetrograph will show that a consistent average resistance is identified in the 
region of 110%CBR and has exceeded required compliance in this case. It also 
highlights that HBM materials should be compacted and monitored to ensure 
compliance is achieved at time of completion to ensure subsequent dynamic loading 
will not affect stability. 
 
 
 
 
 
 



  Research Report  
CHD-RR-1112-001vB 

 

57 
Document Reference: CHD-RR-1112-001vA – Report prepared by B Murtagh 
©Corehard Ltd 2012 - Test Bed Trials – Reinstatement methods and procedures for reinstatement of openings in the Highway 
Research period:  April 2012 to August 2012                                                                                               Date: November 2012 

 
 
Test Bed 8 (See 2.8) 
Certified hydraulically bound mixture was backfilled in 300mm compacted layers with 
8 passes of vibrotamper for each.  
As can be seen from the penetrograph and strike table the efforts applied for 
compaction of 300mm layers may not be sufficient to provide a compliant 
reinstatement of backfill.  
What was evident when monitoring the method was how the compaction equipment 
had sunk into the material rather than travel along its surface.  
It should also be noted that operative had mentioned it is extremely difficult to 
manipulate compaction equipment in comparison with 150mm layers. 
The penetrograph and strike table will show that this method fails to achieve 
requirement for compaction at depth 750mm from surface. 
 
Test Bed 9 (See 2.9) 
A certified hydraulically bound mixture was backfilled to full depth with 8 passes of 
vibrotamper. 
The penetrograph and strike table will show that HBM material should not be 
backfilled unless in compacted layers to ensure compliance is achieved.  
This particular Test Bed failed compaction requirement at depth of 500mm and 
would most certainly be subjected to subsidence following completion of 
reinstatement and dynamic loading from traffic. 
 
4.3 Summary - Backfill 
 
It is imperative that all materials selected for purpose of this trial should be backfilled 
in layers with sufficient number of passes from relevant equipment. 
Proprietary and recycled type 1 granular materials should be laid as per prescribed 
method laid out in Appendix A2 of the Specification for Reinstatement of Openings in 
Highways to ensure that minimum compaction requirements are achievable. The 
correct equipment should be applied in all cases as vibrating frequencies have a 
considerable impact of compaction conformance.  
This trial will also highlight that proprietary and recycled type 1 materials achieved 
conformance with 8 passes of vibrotamper at 300mm layer thickness but have not 
provided the density range achieved at 150mm layers (Test Beds 1 & 4). However, 
based on results from  this trial, it should also be noted that observing layer 
thickness greater than 150mm does not imply that compaction requirement has not 
been achieved and should be verified through recognised UKAS test methods if in 
dispute. 
Subsidence in more likely to occur as a direct result of insufficient attention to 
compacted layer depths along with correct application of the selected equipment 
through required passes. 
Bearing in mind this trial was undertaken under controlled conditions, emphasis 
should be applied to training and monitoring of personnel tasked with undertaking 
these works.  
The ability to select and apply the correct method and equipment will greatly reduce 
the likelihood of subsequent defective reinstatement through subsidence at a later 
time. This may allow for a scheme to clearly define what applications each 
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compaction device is suited for and a means for operatives to easily identify that the 
correct equipment has been selected. 
 
5.0  BITUMINOUS MATERIALS 
 
Test beds for bituminous materials were prepared as per 2.11 to 2.19 of this 
document with storage and rolling temperatures recorded for each layer as it was 
placed.  
The probe thermometer was also verified twice each day to show that it had been 
functioning in the correct manner with results being available in Table 1 of this report. 
 
All documentation in relation to supply or delivery has been retained for each 
material and is included for verification purposes. Once all 9 test beds were 
completed for each product it was allowed to reach ambient temperature overnight 
whereupon core sample extraction was undertaken to allow laboratory measurement 
and advanced testing. 
 
When core samples had been extracted the remainder of the material was removed 
and the test beds were prepared to receive the next allocated bituminous product 
using the prescribed method for each.  
 
The first selected material was 6mm ACDSC which also allowed for retrieval of 
laboratory compaction test results once core samples had been extracted. It had 
been agreed that this was directly related to current practice employed when 
undertaking laboratory testing under usual conditions. 
 
All equipment had been fully inspected and checked to ensure that it was suitable for 
purpose prior to introduction of any bituminous material. Personnel selected were 
fully qualified and conversant with the methodology applicable for each material and 
equipment. 
 
Each test bed was identified and provided a laminated identification card to ensure 
all operatives were constantly aware of the requirement for each material and 
method used. These cards were only placed immediately prior to introduction of 
materials and were used to identify all digital imaging taken for temperature and 
compacted lift thickness. Once each test bed was completed the card was removed 
and stored in order not to cause conflict or issue with subsequent test beds. 
 
All subsequent testing in relation to methods and materials are all fully accredited to 
UKAS procedures and conform to requirements as prescribed in S2 of the SROH 
(Specification for the Reinstatement of Openings in the Highway) along with specific 
national or international standards for each test employed. 
 
Each extracted core sample was placed in a vinyl sealable bag which in turn was 
sealed within a protective tube along a plastic identification card displaying the 
samples unique reference number. The protective tube was also labelled clearly with 
the same unique reference number to ensure traceability and process was also 
recorded through digital imaging. 
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As mentioned above, continuous monitoring ensured that all materials had been laid 
to the required method for each test bed along with temperature readings for each 
applied layer. 
 
Due to the huge amount of imaging and data recorded, the following is a randomly 
selected test bed and material to provide a representation of method. The material 
selected for this purpose will be 10mm ACCSC and will be outlined hereafter. All 
bituminous materials were subjected to exactly the same methods and procedures 
when applying the following requirements of Specification for the Reinstatement of 
Openings in Highways (Version 3 - April 2010). 
 

 A2.6.1   Bituminous Mixtures (Table A2.1 Compacted Lift Thickness) 

 A2.7  Bituminous Laying Temperatures (Tables A2.3 & A2.4) 

 A8.3  Bituminous Mixtures (Compaction) 

 NG A8.3 Bituminous Mixtures (Table NG A8.3 Compaction requirements) 

Test Bed 1 – 10mm ACCSC (See 2.11) 
This test bed had been designated as requiring two compacted layers using both the 
50kg vibrotamper and the 1800m kg/m² vibrating plate. Once the material 
temperature was verified as suitable when introduced to the test bed the lower layer 
was subjected to 6 passes of the vibrotamper across the whole area of the product. 
What was apparent was the distinct change in the action and sound of the device 
when the final layer was being compacted and no observational movement could be 
seen. The top surface of the layer was also very close to causing distress of the 
aggregate as no further compaction could be achieved and the vibrotamper was 
essentially “bouncing off” the material. 
Once complete, the material was introduced for the second and final layer and after 
the temperature had been recorded the vibrating plate was used to complete in 5 
passes with each in linear opposition to the previous. This has a far higher vibrating 
frequency than the vibrotamper with a less obvious impaction force and from 
observation it appeared to have a milder effect on the material appearing to provide 
a greater texture depth or “open” appearance. It should be highlighted that each 
layer was at the maximum recommended compacted lift thickness for 10mm ACCSC 
as prescribed in Table A2.1 of the SROH 
 
Test Bed 2 – 10mm ACCSC (See 2.12) 
The second test bed comprised of two layers using the vibrotamper with the third 
and final layer being compacted using the vibrating plate. As the material was 
introduced for each layer a temperature reading was taken to verify it complied to 
requirements of Table A2.3 of SROH. 
The first layer was introduced at to compacted thickness of approx 35mm after being 
subjected to 5 passes of the vibrotamper with each suite of passes at righ angles to 
previous. A second layer of material was then introduced following exactly the same 
method and process. When completing both layers it was apparent that the material 
was at its limit of compaction as the vibrotamper was proving more difficult to 
manage due to the high resistivity of the material. 
The vibrating plate was introduced to complete the third and final layer which 
demonstrated a similar observational result as test bed 1 by providing an open 
textured surface when complete. This layer was subjected to three passes of the 
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vibrating plate as per recommended method as prescribed in Table NG A8.3 for a 
30mm compacted lift layer. The layers in this test bed fall within recommended 
criteria for nominal compacted lift thickness for 10mm ACCSC as prescribed under 
Table A2.1 of the SROH 
 
 
Test Bed 3 – 10mm ACCSC (See 2.13) 
This was the third and final test bed using the combination of vibrotamper and 
vibrating plate and was constructed using four compacted lift thickness layers each 
being subjected to minimum requirements of SROH as previously described. As with 
previous test beds the material was subjected to temperature reading prior to 
application of compaction equipment for each layer. In this case there were three 
compacted layers of approximately 25mm using the vibrotamper with the final layer 
being compacted using the vibrating plate. 
As outlined in Table NG A8.3 the required number of passes for use of the 50kg 
vibrotamper is the same as the previous test bed which requires 5 passes for each 
compacted layer up to 40mm. The requirement for vibrating plate is also the same as 
the previous test bed where 3 passes are recommended for compacted layer up to 
40mm. 
The first three layers all demonstrated an extremely high resistance to compaction 
efforts of the vibrotamper as there was evidence of some aggregate distress on the 
surface of each layer after 5 passes, also the device appeared that failure could 
occur any moment due to such high impact resistance from material. The fourth and 
final layer was introduced and compacted with vibrating plate with no discernible 
difference to surface appearance from previous two test beds. Each layer was at the 
minimum recommended compacted lift thickness for 10mm ACCSC as prescribed in 
Table A2.1 of the SROH. 
 
 
Test Bed 4 – 10mm ACCSC (See2.14) 
The selection of equipment has changed from previous test beds which now allows 
for combination of vibrotamper and single drum vibrating roller as outlined in section 
3 of this document.  
This test bed mimics the layer requirement for Test Bed 1 and was designated as 
requiring two compacted layers of 50mm thickness using both the 50kg vibrotamper 
and the single drum vibrating roller.  
As with previous methods the temperature of the material was verified as suitable 
when introduced to the test bed and the lower layer was then subjected to 6 passes 
of the vibrotamper. Again this resulted in a noticeable increase in resistance from 
observation as both the material and the device were demonstrating evidence of 
stress similar to those as described in test bed 1above.  
The second layer was then subjected to 12 passes of the vibrating roller as required 
under Table NG A8.3 of SROH, with each suite of passes being at right angles to 
previous to ensure maximum effectiveness. 
From visual inspection of the completed test bed it again demonstrated an open 
surface but with less texture depth than previous test beds as the weight of the roller 
coupled with the vibrating frequency appeared to have a greater influence on the 
bituminous material. 
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Again, each layer was at the maximum recommended compacted lift thickness for 
10mm ACCSC as prescribed in Table A2.1 of the SROH 
 
 
 
 
Test Bed 5 – 10mm ACCSC (See2.15) 
As with the second test bed this requirement comprised of two layers using the 
vibrotamper with the third and final layer being compacted using the single drum 
vibrating roller.  
Once again the material was placed for each layer and had been subjected to 
temperature probe in each occasion and values recorded as per Table 3 (10mm 
ACCSC) of this document. 
Three layers were required in this instance with the first two being approximately 
35mm compacted lift thickness using vibrotamper with the third and final being 
approximately 30mm using the single drum vibrating roller. 
Again, the first and second layers were compacted with 5 passes of the vibrotamper 
to conform to requirements of Tables A2.1 and NG A8.3 of the current version of 
Specification for the Reinstatement of Openings in the Highway. 
The first and second layer still demonstrated similar attributes found in test bed 2 
where applying use of the vibrotamper with the surface layer being laid using the 
single drum vibrating roller at 10 passes. 
Once completed the material provided a finish similar to that of test bed 4 from visual 
inspection. 
The layers in this test bed fall within recommended criteria for nominal compacted lift 
thickness for 10mm ACCSC as prescribed under Table A2.1 of the SROH. 
 
Test Bed 6 – 10mm ACCSC (See 2.16) 
The compacted layer values for this test bed were exactly the same as test bed 3 
with the exception of the fourth and final layer being compacted using the single 
drum vibrating roller for 10 passes as described above.  
As with previous test beds the material was subjected to temperature reading prior to 
application of compaction equipment for each layer. In this case there were three 
compacted layers of approximately 25mm using the vibrotamper with the final layer 
being compacted using the single drum vibrating roller. 
Each layer was at the minimum recommended compacted lift thickness for 10mm 
ACCSC as prescribed in Table A2.1 of the SROH. 
 
Test Bed 7 – 10mm ACCSC (See 2.17) 
Rather  than repeat criteria for test beds 1 and 4 this bed was reinstated in one 
compacted layer of 100mm using the 1800kg/m² vibrating plate at 8 passes as per 
requirement of Table NG A8.3 (SROH) for this device at 100mm compacted lift 
thickness.  
However it should be noted that the maximum compacted lift thickness 
recommended for this material is 50mm as prescribed in Table A2.1 of the 
specification. 
On completion of the 8 passes the material appeared to have a very open texture 
when compared to the previous test beds where the single drum vibrating roller had 
been employed.  
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As such there may be confusion in relation to compacted lift applications when 
looking at the table relating to bituminous materials (Table A2.1 – SROH) as 
opposed to the table relating to equipment types and methods on bituminous 
materials (Table NG A8.3 – SROH) especially if and where operatives require 
clarification of compaction requirements.  
 
 
 
Test Bed 8 – 10mm ACCSC (See 2.18) 
This test bed was comprised of two compacted layers at approximately 50mm each 
using the 1800kg/m² vibrating plate. 
As usual, both layers were subjected to thermometer testing immediately prior to 
commencement of compaction and the values can be found in Table 3 of this 
document which will confirm that material was within acceptable temperature range. 
Each layer was subjected to 5 passes of the vibrating plate with each suite of passes 
being at right angles to the previous. 
From observation the initial passes appeared to reach a point where no further 
compaction was achievable with this device where it appeared that the vibrating 
frequency had no further influence on this material. It was also observed that it 
appeared that further compaction could have been gained from the material for both 
layers but the device seemed incapable of applying sufficient force to achieve it 
when using recommended 5 passes as prescribed in Table NG A8.3 of the 
Specification for Reinstatement of Openings in Highways. 
 
Test Bed 9 – 10mm ACCSC (See 2.19) 
This is the final test bed used for this particular material and consisted of three layers 
as described in 2.19 of this document. Each layer was compacted using the 
1800kg/m² vibrating plate with 3 passes required for each as per requirement of 
Table NG A8.3 of the SROH where individual compacted lift thickness was below 
40mm. 
Introduction of material for each layer had been subjected to usual temperature 
reading prior to commencement of compaction and all material layers were within 
required range as specified in Table A2.3 of the SROH and values can be found in 
Table 3 of this document. 
Once again the material appeared to compact to a point where no further influence 
appeared to have resulted from prescribed use of the vibrating plate. This again 
resulted in an open texture from a visual perspective when compared to test beds 4, 
5, and 6, where the material seemed to have a dense appearance by contrast. 
When looking at test beds 7, 8, and 9 there is a marked difference in visual 
observation when compared with test beds compacted using the single drum 
vibrating roller. 
 
Section 5.2 of this document will outline laboratory core extraction and test methods 
compliant with BS EN 12697 Parts 5 and 8 which are quoted within the SROH in 
relation to air voids testing. Table S10.1 (SROH) provides criteria for air voids 
allowance for individual bituminous materials. 
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Figure 20. Representation of method employed for TB5 using 10mm ACCSC as prescribed. 
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5.1 Bituminous Delivery and Temperatures  
 
Table 2: 6mm ACDSC 

 On Delivery Layer 1 Layer 2 Layer 3 Layer 4 
Test Bed 1 150°C 109°C 116°C - - 

Test Bed 2  105°C 104°C 116°C - 

Test Bed 3  110°C 104°C 108°C 109°C 

Test Bed 4  123°C 121°C - - 

Test Bed 5  118°C 120°C 115°C - 

Test Bed 6  108°C 106°C 132°C 110°C 

Test Bed 7 160°C 98°C - - - 

Test Bed 8  104°C 103°C - - 

Test Bed 9  106°C 105°C 106°C - 

      

  
Table 3: 10mm ACCSC 

 On Delivery Layer 1 Layer 2 Layer 3 Layer 4 
Test Bed 1 137°C 103C 99°C - - 

Test Bed 2  104°C 107°C 113°C - 

Test Bed 3  111°C 103°C 107°C 108°C 

Test Bed 4  118°C 115°C - - 

Test Bed 5  130°C 133°C 120°C N/a 

Test Bed 6  112°C 103°C 106°C 107°C 

Test Bed 7  106°C - - - 

Test Bed 8  104°C 101°C - - 

Test Bed 9  106°C 102°C 103°C - 

      

 
Table 4: 10mm SMASC 

 On Delivery Layer 1 Layer 2 Layer 3 Layer 4 
Test Bed 1 153°C 112°C 113°C - - 

Test Bed 2  121°C 122°C 118°C - 

Test Bed 3  115°C 124°C 131°C 127°C 

Test Bed 4  128°C 122°C - - 

Test Bed 5  123°C 115°C 116°C - 

Test Bed 6  110°C 109°C 111°C 115°C 

Test Bed 7  116°C - - - 

Test Bed 8  117°C 113°C - - 

Test Bed 9  111°C 108°C 108°C - 

      

 
Table 5: 30/14 HRASC 

 On Delivery Layer 1 Layer 2 Layer 3 Layer 4 
Test Bed 1 146°C 128°C 112°C - - 

Test Bed 2  136°C 120°C 120°C - 

Test Bed 3  142°C 119°C 120°C 124°C 

Test Bed 4  138°C 115°C - - 

Test Bed 5  132°C 120°C 125°C - 

Test Bed 6  128°C 119°C 114°C 112°C 

Test Bed 7  120°C - - - 

Test Bed 8  115°C 114°C - - 

Test Bed 9  115°C 114°C 114°C - 
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Table 6: 20mm ACBC 

 On Delivery Layer 1 Layer 2 Layer 3 Layer 4 
Test Bed 1 134°C 105°C 107°C - - 

Test Bed 2  108°C 108°C 107°C - 

Test Bed 3  109°C 106°C 104°C 106°C 

Test Bed 4  108°C 107°C - - 

Test Bed 5  110°C 109°C 115°C - 

Test Bed 6  103°C 104°C 101°C 110°C 

Test Bed 7  102°C - - - 

Test Bed 8  104°C 104°C - - 

Test Bed 9  109°C 107°C 106°C - 

      

 
The temperatures taken from materials on delivery and at each layer introduction will 
show that conformity has been achieved in all cases when compared to appendix 
A2.7 of SROH. 
 
All test beds for bituminous materials had been laid at relevant layers using the 
methods as described in items 2.12 to 2.20 of this document and utilising SROH 
A2.6.1 and NGA8.3 where applicable. 
 
Bituminous materials were purchased by primary certified suppliers involved in Civil 
Engineering, Utilities, and road construction. 
 
Delivery tickets or dockets have been recorded and will be included as part of this 
document to verify ordered product and dispatched materials.  
 
Materials collected were retained in an insulated lorry with temperature check 
regularly taken from covered load throughout process.  
 
Figure 21. One of the regular temperature checks on rear of vehicle 
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Figure 22. Images showing copies of original bituminous conveyance receipts  
 
(i)                                                                                (ii) 

      
 
(iii)                                                                              (iv) 
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(v)                                                                              (vi) 

     
 
 

(i) 6mm ACDSC 

(ii) 6mm ACDSC 

(iii) 10mm ACCSC 

(iv) 10mm SMASC 

(v) 30/14 HRASC 

(vi) 20mm ACDBC 
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5.2 Bituminous Core Extraction and Testing 
 
As previously mentioned, a single core was extracted from each test bed 24 hours 
after reinstatement which were submitted for laboratory voids testing. Test bed 9 had 
2 cores taken for each material with the second core being submitted for laboratory 
testing for materials analysis and grading. 
 
Figure 23. Images showing representation of core extraction procedure  
 

    
 

    
 

    
 

Not for measurement – Imaging purposes only 
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UKAS accredited layer measurement taken immediately after extraction to ensure 
dimensional value is less likely to be affected by mishandling, temperature, or 
transportation. 
 
Samples were bagged and placed in tubular containers specifically manufactured to 
ensure no movement is allowed which may compromise condition of core.  
 
Identification tags were placed within sealed bags along with sample which shows 
unique reference number for each core along with identification label placed on 
container.  
 
This then allowed for samples to be transported safely to laboratory tasked with 
voids testing and materials analysis. All voids tests are UKAS and comply with 
requirement of SROH - S10.2.3 
 
 
5.3 Core testing results and analysis 
 
  Table 7: 5.3.1 Test Beds – 6mm ACDSC  (SROH requirement = Max 13% - Min 2%) 

 
 
 
The above will show that all methods applied for laying 6mm ACDSC material have 
achieved requirements as shown in current version of SROH Table S10.1 as 
maximum 13% and minimum 2%.  
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  Table 8: 5.3.2 Test Beds – 10mm ACCSC (SROH requirement = Max 11% - Min 2%) 

 
 
The above voids test results will show that only methods used in Test beds 4, 5, and 
6 have managed to achieve minimum requirements for SROH Table S10.1 which 
allows maximum air voids of 11% and 2% minimum.  
 
The first three test beds (1 to 3) were placed using vibrotamper on lower courses 
with surface layer being applied using vibrating plate. Test beds 7, 8, & 9 were laid 
entirely using vibrating plate only, with each application consisting of differing layer 
scenarios (see section 2.18 to 2.20) and have also demonstrated significant failure in 
relation to voids content 
 
As can be seen from Table 5.3.3 the specification criteria required in the SROH for 
voids content on this material is achieved in relation to test beds 4, 5, and 6 
respectively.  
These particular test beds are the only ones that have been subjected to use of 
vibrating roller on the surface layer and demonstrate that the vibrating plate cannot 
achieve minimum requirement for voids compliance, even when applying 
recommended passes as per Table NG8.3 of the SROH. 
 
The results above suggest that it is difficult to ensure voids compliance when 
applying methods as prescribed in SROH when dealing with this particular material. 
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  Table 9: 5.3.3 Test Beds – 10mm SMASC (SROH requirement = Max 8% - Min 2%) 

 
 
When looking at the above results in relation to 10mm SMA material it is apparent 
that compliance has not been achieved in three cases out of the total 9 test beds. 
 
Test bed 1 was laid in two layers of 50mm each with the lower layer (layer 1) being 
compacted with a trench rammer for 6 passes and the surface layer being 
compacted for 5 passes as per SROH requirement for lift thickness shown in Table 
NG A8.3 of the specification. However, Test beds 2 and 3 both achieve compliance 
for voids content when using both vibrotamper and vibrating plate in differing 
compacted layer scenarios as per 2.13 and 2.14 of this document. 
 
Attention should be drawn to Test bed 7 where a single layer of 100mm was 
compacted using a vibrating plate (over 1800kg/m²) for 8 passes which is as quoted 
under Table NG A8.3 of the SROH.  
This is particularly interesting as test beds 8 and 9 both failed to reach voids 
compliance even though they were subject to compacted layers as prescribed under 
the same SROH requirement (ie 2 x 50mm layers at 5 passes each) for test bed 8. 
 
Test bed 9 was laid in three layers as follows: 

(i) L1 - 35mm compacted with Vibrating Plate ≥ 1800kg/m² at three passes 

(ii) L2 - 35mm compacted with Vibrating Plate ≥ 1800kg/m² at three passes 

(iii) L3 - 30mm compacted with Vibrating Plate ≥ 1800kg/m² at three passes 

This demonstrates the difficulty of achieving voids compliance when applying the 
prescribed method as laid out in SROH under controlled conditions. Also to show 
that 100mm compacted in a single layer can achieve compliance with suitable 
temperature and compaction. 

Fail 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Fail 

Fail 

 



  Research Report  
CHD-RR-1112-001vB 

 

72 
Document Reference: CHD-RR-1112-001vA – Report prepared by B Murtagh 
©Corehard Ltd 2012 - Test Bed Trials – Reinstatement methods and procedures for reinstatement of openings in the Highway 
Research period:  April 2012 to August 2012                                                                                               Date: November 2012 

 
 
 
 
 Table 10: 5.3.4 Test Beds –HRASC (SROH requirement = Max 7% - Min 2%) 

 
 
When viewing Table 10 above it is apparent that there are three failures in relation to 
voids compliance for 30/14 HRASC used in carriageway construction.  
 
As with previous material, test bed 1 has failed voids result when two layers of 50mm 
have been applied even though requirement of SROH Table NG A8.3 has been 
utilised for equipment type and number of passes for each. 
 
Test bed 2 has also failed but may have benefitted from an additional pass on each 
layer as the void failure was only 0.1% over the required specified criteria of SROH 
Table S10.1 
 
Test beds 3 to 8 have all passed voids requirement for HRASC material when used 
in carriageways. 
 
Test bed 9 has failed as a void result of 12.9% had been returned from laboratory 
which again highlights that test bed 7 and 8 had both passed with fewer layers, but 
increased compaction passes. 
 
This again highlights the issue in relation to recommended passes and lift thickness 
as quoted in NG A8.3 of the SROH. 
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  Table 11: 5.3.5 Test Beds –20mm ACDBC (SROH requirement = Max 10% - Min 2%) 

 
 
The table above has been based on using a 20mm ACDBM on carriageway 
circumstance as Test beds 7 and 8 would pass SROH voids requirement if used on 
footway construction. 
 
Test bed 1 allowed for two x 50mm layers with Layer 1 (lower layer) having been 
compacted in 6 passes of 50kg vibrotamper and the surface layer (layer 2) being 
compacted in 5 passes of 1800kg/m² vibrating plate.  
 
The result is slightly unusual as the three previous materials have all failed minimum 
voids criteria when using exactly the same methods and equipment. However, when 
looking at Test bed 2 which has an additional compacted layer, the voids result is 
over twice the percentage value of that of the first test bed and also exceeds the 
specified criteria of maximum 12% allowance for this material. 
 
Again, the compacted lift thickness requirements were adhered to when applying 
SROH Table NG A8.3 for selected equipment as prescribed in 2.13 of this document 
and are as follows: 
 
   2.13 TEST BED 2 (Temperature and photograph taken for each layer) 

1.  35mm compacted layer using min 50kg vibrotamper at 5 passes  

2. 35mm compacted layer using min 50kg vibrotamper at 5 passes 

3. 30mm compacted layer using 1800kg/m² vibrating plate at 3 passes  
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6.0 Bituminous Material analysis 
 
In addition to air voids testing on bituminous materials there was a core sample 
retained for determination of binder content and aggregate grading as required under  
BS EN 12697-1:2005 which was carried out under specification requirements for BS 
EN 13108 and specifications shown below. 
 
Each sample had been retrieved as prescribed in section 5.2 of this document and 
safely transported to laboratory for advanced testing. 
 
The laboratory test specification for each material was as shown in Table 12 below. 
 
Table 12: Bituminous Materials analysis  
 
Material Specification 

6mm ACDSC PD6691:2010: Table B.16 

10mm ACCSC PD6691:2010: Table B.14 

10mm SMASC PD6691:2010: Table D.1 

30/14 HRASC PD6691:2010: Table C.2A 

20mm ACBC PD6691:2010: Table B.11 

 
 
Figure 24. Image showing sample retained for binder & grading test  

 

 
 
The following certificates will demonstrate results in relation to each individual 
material and will show values against specification requirement for each. 
 
It will be apparent that some materials have variation from the specification 
requirement. 
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Figure 25. 6mm ACDSC Binder Content & Aggregate Grading  
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Figure 26. 10mm ACCSC Binder Content & Aggregate Grading  
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Figure 27. 10mm SMASC Binder Content & Aggregate Grading 
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Figure 28. 30/14 HRASC Binder Content & Aggregate Grading 
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Figure 29. 20mm ACBC Binder Content & Aggregate Grading  
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7.0 GENERAL OBSERVATIONS 
The following observations were made in relation to materials, methodology, 
equipment, and working practices as a result of diligent monitoring and scrutiny 
related to these test bed trials. 
 
7.1 Backfill 
 
All backfill materials should be completed in layers as recommended within SROH 
document. However, consideration should be given to the type of equipment and 
materials used where conformance can be achieved and verified.  
It was found that proprietary and recycled type 1 materials performed very well when 
applying the recommended methods as prescribed in the SROH with the correct 
equipment. 
 
Particular attention should be made to selection of equipment as the impacting force 
of a vibrotamper appeared to provide a greater influence on the material than the 
vibrating plate. 
This trial had found that sufficient passes of the vibrotamper at 300mm layers 
managed to reach compliance for compaction when subsequently tested under 
UKAS accredited means however it is not recommended that this method is adopted 
in the workplace and SROH layer recommendations are adhered to.  
 This also implies that issues arising from layer depth cannot be ascribed by visual 
representation only, and a robust method of verification should be employed. 
 
Results and observations from this trial suggests that HBM materials should be laid 
in regular layers with adequate compaction as it was apparent that material was of a 
low density and provided considerable difficulty for operatives at greater layer 
depths. When using a vibrotamper the material had a propensity to allow the device 
to sink into the surface and hinder both forward and reciprocating motion of the 
equipment by enveloping the base plate.  
 
The material proved to respond very well to compaction efforts of the vibrotamper 
when laid in compacted lift thickness of 150mm as can been observed from 
penetrograph results included within this document.  
 
Due to the nature of production, generally HBM materials will further stabilise 
through time as chemical change occurs within the product but will require full 
attention to layers and compaction equipment used to ensure minimum performance 
criteria are achieved at time of opening to traffic. 
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7.2 Bituminous materials 
 
As with backfill layers, all bituminous materials should be laid in accordance with 
requirements of the SROH as an absolute minimum. For the purpose of this trial all 
bituminous layers were applied and compacted as per the prescribed methods as 
detailed in 2.10 to 2.19 of this document.  
 
A temperature reading was taken on all materials prior to compaction of each 
individual layer. This was to ensure that all materials were within specified working 
criteria and allowed for performance measurement of completed reinstatements to 
be related to selected compaction method and equipment. 
 
As previously described, each material was laid across 9 test beds with differing 
methods and equipment and had been subjected to laboratory core extraction 
procedure to provide samples for voids testing.  
 
All voids testing was undertaken independently through UKAS accredited laboratory 
holding current certification for these tests along with criteria specified in S10.2.3 of 
the SROH. 
 
The results shown in section 5 of this document will show that failure has occurred in 
some instances where prescribed methods and equipment have been applied under 
controlled conditions within correct operating temperatures.  
 
In all the tests that were undertaken, there were no results that voids had been found 
at minimum requirement (≤2%) across all selected materials. 
 
With regards to this trial only, it can be noted that the vibrating plate provided good 
results across all relevant test beds when using 6mm ACDSC material but had not 
provided any such values when applying the exact same methods to 10mm ACCSC 
material and had varying degrees of success or failure on all other bituminous 
products when subjected to voids testing. 
 
It was also observed that on two occasions, separation had occurred between 
compacted lifts where correct compaction requirement had been applied when 
working to prescribed method even though the subsequent layer had been placed 
within minutes of first with no contamination.  
One such incident was where the 20mm ACBC material was laid at 50mm using 
trench rammer, with the top layer being compacted with vibrating roller.  
  
As can be determined from the laboratory results shown above, there is considerable 
difference in results between 6mm ACDSC and 10mm ACCSC where all nine 
applications passed for the 6mm and only three passed for the 10mm material.  
 
There is a difference in composition of materials but the methodology prescribed for 
compacted lift thickness and equipment is broadly similar in relation to methodology 
when applying requirements of SROH.  
Training and competence checks will assist in reducing issues arising from lack of 
compaction in backfill and bituminous materials.  
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8.0 CONCLUSIONS & RECOMMENDATIONS 

8.1 Backfill materials 
 
This trial demonstrates that recommended methods for reinstatement of GSB Type 1 
and recycled Type 1 should be applied as per requirement of SROH as a high level 
of compaction has been achieved as can be seen from the penetrographs from test 
beds 1 and 4.  
 
Where these granular materials were laid in test beds 2 and 5 the compacted layer 
was increased to 300mm depth whilst still applying the same passes required for 
150mm layers.  
In both cases the materials had achieved compliance for compaction purposes when 
subjected to laboratory testing. However, both results had only marginally passed 
the penetrometer test and the correct SROH method should always be the preferred 
application. What is apparent is that compliance can only be measured by a 
recognised test method and visual observations will therefore require validation.  
 
Hydraulically bound mixtures should only be laid at 150mm compacted layers in 
accordance with Table A9.1 (SROH) which allows for sufficient compaction to meet 
performance criteria when opening to traffic. Laboratory result from penetrometer for 
test bed 7 will demonstrate compliance has been achieved. 
 
Test beds 3, 6, and 9 were backfilled to full depth applying considerable compaction 
efforts on material surface where it is apparent from corresponding laboratory tests 
that all have failed at lower levels due to dissipation of force from compaction 
equipment. Regardless of how much compaction effort is introduced the result will 
always fail for this reason. This is the primary cause for subsidence at a later time 
where natural settlement and dynamic loading from subsequent traffic movements 
will provide considerable contribution. Impact devices (ie. Clegg) will show good 
results for surface modulus but cannot verify compaction unless taken on each 
individual compacted lift. 
 
As part of this trial a widely distributed selection of personnel were interviewed in 
relation to understanding of compaction requirements as provided in the SROH 
specification. Most had intimated that they had not seen a copy of the document 
since initial qualification and also highlighted that some had no recollection of 
relevant requirement for compaction but were aware that 150mm layers were to be 
applied.  
 
It is recommended that operatives are fully aware of the methods and procedures 
within the SROH for each material and selected compaction equipment and have a 
clear understanding of why these have to be adhered to. Regular training and 
competence checks should be undertaken to ensure a full understanding 
requirements and capabilities for each material and equipment. 
 
Further emphasis should be applied to researching a method to clearly identify 
compaction equipment and to which materials it can be successfully applied to. One 
suggestion is by a colour coding system which will allow operatives and inspectors to 
ensure correct equipment and method is applied. 
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8.2 Bituminous materials  
 
Bituminous materials should be applied as per compacted lift thickness and methods 
as prescribed in SROH document but clarification of method is required when 
comparison is made between Table A2.1 and NG A8.3. This has provided 
considerable debate when discussed with operatives into application. 
 
Samples had been taken from all materials and subjected to laboratory testing in 
relation to presence of air voids. Table S10.1(SROH) shows the voids content 
requirement for each material so as to achieve conformity. The results found that 
there may be further investigation required to ensure that conformity is achievable 
when utilising methods prescribed within Table NG A8.3 for compacted layer depth 
and passes required. 
 
Consideration should be given time period after laying of materials to ensure 
dynamic loading due to traffic has not affected voids result in relation to minimum 
requirements. By definition, all bituminous materials are flexible and will be 
influenced by such loading as no voids failure was notated as below minimum values 
allowed for each material. 
 
Further to this particular trial it is believed that considerable research is required to 
ensure that voids criteria are easily achieved when utilising methods and equipment 
as prescribed within current version of SROH for compaction of bituminous 
materials. Placing and compaction requirements for such materials is outlined in 
current version of Manual of Contract Documents for Highways Works (MCHW) 
which are broadly based around machine laying methods as prescribed in section 
903 clauses 8 to 14 and relevant clauses quoted in section 929  
As also mentioned in SHW the standard BS 94987 clause 9.5.1.2 also deals with air 
voids requirements based on large works where voids testing is generally applied to 
units of 5000m².  
 
Such research would require a high level or repeatability to ensure that methods and 
procedures used are correct and will always achieve compliance when applied in the 
prescribed manner. The current voids criteria within the SROH may have been 
extracted from such a research project and reference to this would assist in providing 
additional training where required, otherwise the calculations for voids content may 
have been extracted from criteria shown within SHW 900 series which again is 
broadly based around machine lay methods for larger mats and is less descriptive in 
relation to small excavations and trenches. 
 
Clarification of requirements with regard to application of compaction equipment as 
prescribed under SROH should also be sought as there appears to be an anomaly 
when taking into consideration Tables A2.1 (Bituminous compacted lift thickness) 
and NG A8.3 (Compaction requirements for bituminous materials). When looking at 
analysis of test beds for 10mm ACCSC material as shown in section 5 of this 
document where all recommended methods and procedures were applied in relation 
to compacted lift thickness and number of passes required (SROH Table NG A8.3), 
it is apparent that this particular material failed across 6 test beds.  
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