
  

INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 
 

 

 

 

 

 

 

 

   

  
 
 
 
 
This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 
 
https://www.issmge.org/publications/online-library 
 
This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

 

 

 

 

 

 

The paper was published in the proceedings of the 11th 
Australia New Zealand Conference on Geomechanics and 
was edited by Prof. Guillermo Narsilio, Prof. Arul 
Arulrajah and Prof. Jayantha Kodikara. The conference 
was held in Melbourne, Australia, 15-18 July 2012.  
 
 

 

 

https://www.issmge.org/publications/online-library


Rock Fill Specification and Construction For Large Embankments 
 

S. J. Keane  
 

AECOM Australia, Level 9, 8 Exhibition Street, Melbourne, VIC 3000; PH (03) 9653-1234; FAX (03) 9653 1774; email: 
simon.keane@aecom.com 

 
ABSTRACT 
 
This paper describes the methodology adopted for specification and construction of embankments 
using rock fill for a Victorian rural freeway project with embankment heights of up to 25m. A substantial 
proportion of the earthworks comprised cuts and fills using variably weathered basalt rock of the 
Newer Volcanics. Based on field trials, a method specification was developed to assist in ensuring that 
the construction of rock fill could be undertaken in a controlled manner that would result in acceptable 
long term embankment settlement. Procedures were developed that enabled the use of layer 
thicknesses and maximum particle sizes in excess of those permitted by the prevailing State Road 
Authority specifications. Also presented in this paper are the validation, inspection, testing, and results 
of monitoring undertaken during construction.  
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1 INTRODUCTION 
 

The Western Highway – Anthony’s Cutting Realignment project was delivered as an Alliance between 
VicRoads, the constructor and the designer. The road was opened to traffic in mid 2011. 
  
The project scope included the provision of a 4.7km long freeway standard road realignment to the 
south of the existing Western Highway between Melton and Bacchus Marsh, a road section known as 
Anthony’s Cutting. The realignment passes through cuts to depths of up to 17m and fills of thickness 
up to 25m, with the thicker fills located near approaches to two new bridge crossings over Djerriwarrh 
Creek and Pyrites Creek. Approximately 1.3 million cubic metres of fill was placed in embankments at 
the two bridge approaches.  
 
The embankment fills were constructed using predominantly site won materials (shown in order of 
decreasing quantity) that included: 
 

 Basalt rock of the Newer Volcanics. 

 Residual basaltic and colluvial clay soils. 

 Tertiary age clay, silt sand and gravel of the Brighton Group. 

 Imported materials, used as structural fill at bridge abutments. 
 
The rock fills were constructed in general accordance with the VicRoads Standard Specifications for 
Roadworks and Bridgeworks Section 205 “Rock Fill” with additional requirements developed for the 
project. A significant quantity of rock material not meeting the project specified requirements for rock 
fill was also placed as general fill in accordance with VicRoads Earthworks Specification Section 204. 
This paper focuses on the rock fill materials, rather than the general fill materials containing rock. 
 
2 SITE GEOLOGY IN CUT AREAS  
 

The typical geological sequence and associated materials encountered in the cuttings where rock fill 
was sourced comprised  colluvium and residual basaltic soil (1m to 9m thick) overlying Newer 
Volcanics basalt rock (5m to 22m thick) overlying Tertiary age Brighton Group sediments. 
 
The basalt rock was classified for the project based on typical engineering properties and the 
significant units in relation to rock fill were as follows: 
 

 B1 – very high strength, slightly weathered, defect spacing typically 300mm to 
1000mm, grey, frequent clay seams (typically extending 2m to 4m into the unit). 
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 B2 – strength and weathering as per B1, defect spacing typically 50mm to 300mm, 
presence of clay seams reducing with depth. 

 B3 – strength ranging between medium and high, ranging between highly and 
moderately weathered, orange and brown, defect spacing less than 100mm. 

 
3 DISCUSSION OF MATERIAL AND CONSTRUCTION SPECIFICATIONS 

 

The prevailing specification for rock fill used on the project was the VicRoads Specification Section 
205, dated July 2006 (referred to hereafter as “the specification”), which defines rock fill as “Material 
comprised of larger fragments of hard, sound durable rock containing only a small amount of fine 
particles, which when placed and compacted produces an embankment deriving its stability from the 
mechanical interlock of the coarser particles and not from the compaction of finer material.” The key 
requirements of the specification are summarised as: 
 

 Not less than 90% of rock fragments with dimensions greater than 100mm shall have 
a Point Load Strength Index Is(50) of 2 MPa or greater. 

 Grading of rock fill Material Prior to Placement:  
-  0 to 40 percent of material by mass passing AS 26.5mm sieve. 
-  0 to 10 percent of material by mass passing AS 1.18mm sieve. 

 Rock fill placed at least 2m below the top surface of the earthworks may be placed 
with maximum particle size of 400mm and maximum layer thickness of 600mm. 
Smaller particle sizes and layer thicknesses are required in the top 2m. 

 Rock fill must be placed and compacted to achieve stability of the layer. 

 The first lot shall be placed as a trial section. The Contractor shall then develop a 
material grading, mixing, watering and rolling routine based on construction and 
testing of trial sections for review by the Superintendent. 

 Acceptance of work for compaction will be based on compliance with the accepted 
compaction procedure and test rolling. 
 

It is noted that on the project, the Superintendent, as referred to in the specification, was represented 
by the collaborative efforts of a full-time site surveillance officer (acting for the Road Authority), the 
earthworks’ designer and a full-time site geotechnical engineer (both acting for the designer).  
 
(Fell et al. 1992) provide several recommendations with regard to rock fill, albeit in dams, including: 
 

 Maximum particle size and layer thickness may be the same and may be up to 1m, 
provided the material does not significantly break down under compaction. 

 Some “middle size” particles are desirable to provide a relatively well graded material. 

 Fines should be limited to less than about 10%. 

 Typically a smooth drum vibrating roller is used with static mass of at least 8 tonnes. 
 
4 PROJECT SPECIFIC ADDITIONS TO SPECIFICATION  

 

There are several aspects of the specification that were considered to not meet the functional 
requirements of the project. In particular, it was required to develop a suitable prescriptive placement 
trial methodology, and to establish acceptance criteria for the trial, to provide a degree of comfort that 
the methodology and materials would meet the intents of the design. Other areas of the specification 
that were silent, or where additional input was deemed to be required included: 
 

 The requirement or otherwise for moisture conditioning of rock fill, including the basis 
for acceptance or otherwise of any proposed moisture conditioning process. 

 How the specified particle to particle interlock is to be demonstrated, and also how to 
demonstrate that the fill is being constructed without significant voids or excessively 
thick layers of fine grained material between rock particles. 

 The requirements for particle size distribution testing, taking into account the relatively 
large particle sizes and practical limitations of soils testing laboratories. 

 How to demonstrate and record that the ongoing construction methodology and 
source materials remain consistent with the trial. 
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5 EXCAVATION, PROCESSING AND ACCEPTANCE OF ROCK FILL SOURCE MATERIALS 

 

The excavations in rock at the site were undertaken by blasting, and/or ripping with D10 bulldozers 
and excavators with rippers or hydraulic breakers. The blasting was undertaken typically with a 1m 
thick cushioning layer of clay left in place over the rock. Oversize particles observed by the loading 
operators were removed or split using hydraulic breaker attachments. Depending on the presence of 
excessive finer grained material, a screening “shaker” bucket was used to directly load the trucks or 
otherwise process the stockpiles prior to loading. 
 
The site geotechnical engineer was required to make routine inspections of the source excavation 
works to assist in identifying changes in source material type, and to ensure that consistent 
excavation, screening and loading procedures were carried out. 
 
It was assessed that the B1 and B2 basalt units (as described in Section 2) were generally suitable for 
use as rock fill. The B1 material often required processing to reduce the maximum particle size or 
screening to remove finer grained materials resulting from the presence of significant clay seams or 
contaminated by clay relating to the blasting process. Where screening could not be effectively 
undertaken, materials with excessive fines were typically excluded from rock fills and used as general 
fill. The B3 material was assessed as being not suitable as rock fill as this material was shown to 
break down under compactive effort and also not meet the point load strength index requirements of 
the specification. The B2 and B3 units were frequently intermixed or had an indistinct interface. As 
such, the assessment of the boundary between suitable and unsuitable materials was often difficult, 
and required ongoing evaluation by the site geotechnical engineer. 
 
6 ROCK FILL PLACEMENT TRIAL AND BASIS FOR ACCEPTANCE 

 

Considering the different source materials and foundation conditions expected for the two main 
embankment areas, two trial areas were selected. At one of the trial sites a comparison of maximum 
particle size (500 and 700mm) and maximum layer thickness (700 and 1,000mm) was undertaken. A 
20t vibrating pad foot roller was used for the trials.  
 
A detailed trial procedure was developed by the design team and was undertaken in the presence of 
the Superintendant. The key elements of the trial can be summarised as: 
 

1. Subgrade preparation and proof roll, and confirmation of source suitability. 
2. Selection of a suitable trial location and size, spreading of the first layer of fill using 

approved plant, method and moisture conditioning. 
3. A minimum of 20 survey points established across the surface of the fill. 
4. 10 to 12 passages of the compaction equipment were provided, with surface levels 

recorded at each survey points after each pass of the compaction equipment. 
5. Review of survey data noting the cumulative average settlement occurring after each 

pass. Additional surveyed passes of roller provided if trial settlement criteria not met. 
6. Excavation of three test pits through to the base of the layer to enable the site 

geotechnical engineer to: 

 Assess the compacted condition of the full depth of the fill layer including visual 
inspection to assess the achievement of particle to particle contact. 

 Assess the presence of large voids, or significant bridging of rock particles 

 Assess the presence of finer material and visually assess the grading. 

 Assess, where possible, the extent of water infiltration through the layer. 

 To enable the recovery of a sample of compacted material for evaluation of post 
compaction particle size distribution. 

7. The undertaking of a proof roll to check the stability of the compacted layer 
8. Steps 3 to 7 were repeated for an overlying layer to assess whether the settlement 

performance of a rock fill layer will differ for materials placed on a soil subgrade as 
compared to a rock fill subgrade. 

9. The number of passes of the compaction plant required to reach an effective refusal 
was determined, defined for the project as where the cumulative settlement of the 
previous three passes was less than 5mm. 

10. A compaction procedure for ongoing rock fill placement works that added three 
passes to the number of passes to effective refusal was documented. 
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The trial of the 1,000mm thick layer indicated that compaction-induced settlement in the order of 8mm 
per pass was still occurring between roller passes nine and 12. Furthermore, the test pits revealed 
voids and bridging in the 1,000mm layer. It was thus assessed that 1,000mm thick layers would 
increase the risk of post construction embankment settlement, and as such could not be placed in a 
manner that would meet the functional requirements of the project contract. 
 
The trials for the 700mm thick layers indicated that the average settlement did not increase between 
roller passes five and 10 (final pass) and thus effective refusal was deemed to have occurred after six 
passes. The test pits revealed good development of particle-to-particle interlock without excessive 
fines evident or significant voids present, and the particle size and point load strength index results 
met the specified requirements. It was thus assessed that 700mm thick layers could be placed to meet 
the intents of the specification and the functional requirements of the project contract. It was assessed 
that nine passes of a 20t vibrating pad foot roller was required for ongoing production placement, 
including an allowance for three additional passes to accommodate variations in materials and 
construction that may occur during placement that differ to those used in the trial. 
  
The Australian state road authorities that specify maximum particle size and layer thickness for rock 
fills constructed using particle interlock methods include VicRoads, NSW RTA, Queensland TMR, and 
Tasmania DIER. These authority specifications allow for particle sizes between 350 and 500mm (or 
2/3 of the layer thickness) and layer thicknesses between 550 and 1,500mm. It follows that the 
parameters adopted for the project fall within limits accepted in other states, and are also consistent 
with the recommendations put forward by (Fell et al. 1992) even though the tolerance of some 
embankment dams to post construction settlement and the associated long term surface shape loss 
may be higher than would be accepted for major freeways. 
 
7 ROCK FILL CONSTRUCTION 

 

Placement of rock fill was undertaken with frequent inspection by the surveillance officer and/or the 
site geotechnical engineer and with specific inspection, testing and surveillance requirements. 
 
The key items determined by the designer to require inspection or testing for the rock fill construction 
included confirmation of material type and maximum particle size at source, elongation of particles, 
point load strength index, particle size distribution, layer thickness after compaction, an effective 
refusal check, proof roll, conformance with method, particle to particle interlock, and evidence of 
segregation or voids. Significant test results or observations included: 
 

 90 point load strength index tests undertaken with average Is(50) of 5MPa, minimum 
Is(50) of 0.5MPa, and less than the maximum permitted 10% of samples with Is(50) less 
than 2MPa. 

 Post compaction gradings met specified requirements, after taking into account 
increased maximum particle size. 

 Where recorded, the average layer thickness was less than the required 700mm 

 Source materials, proof roll and conformance to method specification accepted for 
each layer by surveillance officers. 

 129 layers of rock fill were surveyed post compaction in the presence of the 
superintendant to check effective refusal (three roller passes at five locations).  The 
acceptance criterion was for no greater than 5mm average cumulative settlement at 
the five locations.  The average settlements recorded were in the order of 1mm to 
3mm.  

 All nine test pits excavated through rock fill layers demonstrated adequate particle-to-
particle interlock and the absence of segregation and voids in the layers. 

 
It was required that the source material excavations and production layers be frequently assessed by 
the site geotechnical engineer, to confirm that the production material properties were consistent with 
both the trial materials and also those of the acceptable project specific rock units (Refer to Section 5). 
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8 OTHER CONSIDERATIONS FOR CONSTRUCTION 

 
The specification requires that the trial and associated construction method include moisture 
conditioning, although no specific requirements are provided. It is considered that the addition of water 
to a rock fill may: 
 

 Assist in increasing the unit weight of the material during placement and thus assist 
with consolidation of the rock fill during construction. 

 Lubricate the rock particles to assist in reorientation and increased density during 
compaction. 

 Assist with the compaction of finer grained materials where present. 

 Provide some bonding between layers of fill when some fines are present.  
 
Moisture conditioning of the rock fills was undertaken on the project and the practice is supported by 
(Breitenbach 2004) who suggests that moisture conditioning of rock fill will reduce the post 
construction settlement. (Fell et al. 1992) suggests that for rock fill construction in dams the addition of 
water can aid compaction, but the benefits of moisture conditioning will depend on whether the rock is 
subject to weakening when wet.  
 
The quantity of water to be added, the timing (before or after compaction) and the location (at the 
borrow pit or on the fill) of the moisture conditioning will depend on the rock type, grading, and 
response to vibratory compaction at a range of moisture conditions. Furthermore, where fines are 
present in the rock fill, excessive moisture conditioning prior to compaction may result in dampening 
effects on the compaction vibrations and therefore a reduction of the depth of influence of the roller. 
 
The specification nominated a vibrating pad foot roller for the compaction of rock fill materials.  
Common practice for the compaction of granular materials, as evident in the rock fill specifications of 
several other state road authorities, is to use a smooth drum vibrating roller. The vibrating 20t pad foot 
roller used in the trial was assessed as providing sufficient depth of influence of compaction. The use 
of a pad foot roller may have increased the breakdown of surface rock materials at the top of the layer. 
It is anticipated that a smooth drum roller would have caused less breakdown of particles, but no 
evaluation was made as to whether a similar size smooth drum roller would achieve the same depth of 
densification during compaction as a pad foot roller. 
 
9 PERFORMANCE 
 

The key measurable item relating to performance of the rock fill is the internal settlement of the 
embankment areas containing rock fill. Internal settlement was assessed in two ways: 
 

 “Effective refusal” survey check following compaction of each layer, as outlined in 
Section 7. 

 Three sets of settlement plates were placed at the base of the embankment and also 
within the embankments at Pyrites Creek (nominally above/below rock fill levels). 

 
Whilst there are some limitations to the effective refusal check, including survey tolerance and 
irregularities associated with disturbed or crushed surface rock particles, the overall results indicate 
little residual compaction settlement remaining in the completed rock fill layers. The survey check also 
provided a means of validating compaction density using more than just a proof roll. 
 
At the settlement plate locations measured “during construction” (between 20 April 2010 and 15 April 
2011) the internal settlement of the rock fills was in the order of 5mm to 25mm. The internal settlement 
of the rock fills measured “post construction” (between 15 April 2011 and 22 June 2011) was in the 
order of 0 to 6mm.  It is noted that the plate locations were limited in number and some internal 
settlement zones referred to above may include some materials that are not rock fill. 
 
10 CONCLUSIONS 
 

The ability to compact rock fill to a suitable density and to achieve the desired particle-to-particle 
interlock without the risk of voids and post construction settlement, is sensitive to layer thickness, the 
type, strength, grading and moisture condition of the material, and the travel speed, vibration 

ANZ 2012 Conference Proceedings 312



frequency, mass and number of passes of the compaction plant. Taking into account the above 
variables, it is critical that the placement trial be undertaken in a rigorous manner to optimise the key 
variables, determine moisture conditioning requirements, cater for potential material variability, and 
ensure that the methods and materials used in the trial are repeatable.  
 
It is considered that the rock fill trial methodology that included evaluation of a range of layer 
thicknesses and foundation conditions, and the ongoing inspections and testing regime were suitable 
in this project to confirm that the specified requirements were achieved and to keep post construction 
settlement as low as practicable. The increased layer thickness and maximum particle size adopted 
were acceptable due to the ongoing involvement of the design team and site geotechnical engineer 
along with experienced surveillance staff, and the opportunity to exceed specified requirements may 
not be achievable when working under project delivery models where less ongoing geotechnical 
oversight is likely to occur. 
 
It would be prudent for future projects that consideration be given to constructing part of the trial area 
with moisture added and part without, to assist in determining whether moisture conditioning will 
improve the densification of the layer.  
 
Considering the limitations of a proof roll in demonstrating compaction of rock fill, it is considered that 
the post compaction effective refusal survey check, combined with appropriately placed and monitored 
settlement plates, and the inspection of test pits through the full depth of completed layers, were all 
critical in demonstrating that the layer was adequately compacted, and the material structure 
requirements were met.   
 
One of the challenges associated with the use of a method specification is developing a system that 
adequately confirms and records that the method has been adhered to. On future similar projects, 
consideration could be given to the development of specifications that adequately cater for the 
capturing of data to demonstrate adherence to the required method of placement. Although not used 
for the project, high accuracy GPS devices could provide a positive record to confirm uniformity and 
number of compaction passes. In addition, “intelligent compaction” systems that measure ground 
resistance to roller drum vibrations could be used to provide data on the uniformity of the layer. 
 
Construction of rock fill embankments using site won materials was undertaken successfully on the 
project. Due to the increased layer thickness and maximum particle size limits, it was possible to 
increase productivity without introducing unacceptable risk to long-term embankment and pavement 
performance. The Alliance contract delivery model greatly assisted in reducing embankment and 
pavement performance risks by ongoing collaborative site involvement between the design team, 
construction team, the site geotechnical engineer, and surveillance officers. 
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