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1 INTRODUCTION 

Traditional "earthfill" consist of mixtures of clay, silt, 
sand with fine-grained gravel sizes. With adding 
larger size particles, consist of coarse-grained gravel, 
cobble and boulder sized rocks, embankment called 
"rockfill". In rockfill, the predominant materials con-
sist of coarse grained particles. In some references, 
rockfill is an earthfill which more than 15% of its vol-
ume is particles larger than 15cm (Iran Department of 
Technical Affairs, 2013) 

The first use of rockfill seems to be of low level 
hand placed rockfill dumps with timber facing on the 
upstream slope in the 1850’s for water storage and 
gold sluicing operations. During 1940’s, construction 
water storage dams required of spreading thick dry 
and loose rockfill dump by trucks or draglines without 
compaction. Up to 1950’s, High-pressure water jets 
and flooding techniques was used to wet and consoli-
date the thick loose rockfill dump lifts to achieve up 
to 85 percent of total dam settlement. Days after, con-
trol of lift thickness and compaction with rollers, in 
addition to documentation of rockfill gradation, mois-
ture, and density large-scale test fills developed 
(Breitenbach, 1993).  

There are two different methods for placement of 
rocks. First method contains of dumping and spread-
ing a reasonably homogeneous stable horizontal lay-
ers, and second method, contains spreading dumped 
particles in a way that smaller rock fragments placed 
in the inner portion of the embankment and the larger 
rock fragments placed on the outer slopes (USDA and 
NRCS, 2009). 

Three different classes of compaction exist based 
on the aim of embankment, compacting every lift with 
heave rollers, compaction each layer with light com-
pactors and no compaction beyond spreading opera-
tions. Lift thickness is related to the volume percent of 
particles larger than 15 cm (USDA and NRCS, 2009).

Defining acceptable criteria for placement and 
compaction through the mentioned methods is one of 
the main objectives for rockfill structures, and mainly 
is related to the design and performance criteria. 

The conventional earthfill test consist of field and 
laboratory test methods for controlling lift thickness, 
gradation, moisture content, and compaction are not 
applicable to rockfills because of large particle sizes 
and must be modified based on site specific compac-
tion effort specification using large-scale test and 
heavy vibratory roller compactors. 
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Compaction percentage is one the main controlling 
criteria for earth structures. In some cases, to control 
the deformability, plate load test is defined as a con-
trolling test of rockfill. 

In this paper the site attempts and experiences for 
performing of rockfill layers and evaluating of them 
in Siraf Condensate Refinery Complex project is pre-
sented. This project is located in the south of Iran, at 
the coast of Persian Gulf (Fig. 1). The coordinates of 
site according to UTM is 619980 E, 3065485N. 

 
Figure 1. Project location on Iran map 

 

2 PROJECT EMBANKMENT COMPACTION 
PROGRAM 

Siraf condensate refinery complex project site with 
area about 260 hectares, was divided into 23 zones. 
These zones will be used for construction of 8 refiner-
ies and some tanks and utilities. For rough grading of 
site need about 5million cubic meters rockfill embank-
ment.  

Compaction percentage is a main criterion for soil 
preparation below foundations. Compaction percent-
age was defined based on structures types, footing 
load and depth of embankment below the foundation. 
Because of wide range of elevation variations in the 
project site, four ranges of compaction requirement 
have defined for embankments, from 85% for rockfill 
to upper than 95% for earthfill, from bottom eleva-
tions to top.  

Figures 2 and 3 show a sample area variation before 
grading and total depth of filling up to the project 
level, respectively. The minimum acceptable compac-
tion relative for rockfill lifts was defined 85% of Mod-
ified Compaction as per ASTM D1557 test which is 
achievable for 45cm lift thickness with 2 passes of 15 
tones vibratory roller compactors and for 60cm lift 
thickness, with at least 3 passes of mentioned rollers. 

For more compaction density, more passes over 45 
cm lift thickness required. For elevations less than 5 
m below footing, the lift thickness limited to 30cm and 
compaction ratio limited to 90%. 

Figure 2. Topography of  a zone as a sample, before rough 

grading (Zone No. 14) 

Figure 3. Need rockfill thickness in one of project zones 

(Zone No. 14) 

 
 

3 EMBANKMENTS SPECIFICATION AND 
MATERIALS 

Project ground form vary from hills, ridges to valleys, 
and about 5 million cubic meters of cut and fill is 
needed for the rough grading. The main borrow mate-
rial for filling was obtained from Bakhtiari formation 
deposits that consisted of coarse granular soils with 
many cobbles and boulders particles as weak con-
glomerate. Figure 4 shows a picture of Bakhtiari for-
mation. The stone type of Bakhtiari formation parti-
cles are limestone and sandstone. Because of the huge 
volume of filling and existing large size particles, us-
ing the conventional earth fill is not economic and it 
is rational to use rockfill layers with over 45cm lift 
thickness. 

Determining acceptable procedures and criteria for 
the placement and compaction of rockfills in the site 
is considered using different particle size; lift thick-
ness and compaction efforts in trial area within 9 dif-
ferent patterns. Maximum particle size and compac-
tion effort were changed over the pattern to achieve 
the optimum compaction method. In-situ test such as 

678



large scale gradation (particle size distribution), large 
in-situ density, plate load test and geo-seismic tests are 
done for controlling quality. 

Figure 4. A picture of Bakhtiari formation texture 
 

 
4 TRIAL AREA SPECIFICATION 

Three different rockfill with following specifications 
is executed at trial area. Maximum rock sizes limited 
to half of the lift thickness. Every part has the width of 
10 m and the length of 50 m. 
1- Two layers with lift thickness of 60 centimeter 

with 3 different compaction efforts. 
2- Three layers with lift thickness of 45 centimeter 

with 3 different compaction efforts. 
3- Four layers with lift thickness of 30 centimeter 

with3 different compaction efforts. 
Figure 5 shows 9 different patterns for rockfill execu-
tion in trial area and Figure 6 shows spreading of rock-
fill materials in trial area. 

 

Figure 5. Rockfill pattern in trial area 
 

Figure 6. Spreading of rockfill material 

 
The roller compactor has used at the site was 15 

tones vibratory steel drum rollers and the number of 
passes considered as 4, 6 and 8 passes. 
To have the best roller pass coverage, each roller pass 
should overlap the edge of preceding passes.  

 
5 CONTROLLING TESTS 

5.1 Grading Test (Particle size distribution) 

Totally 18 samples were taken from the fills, 6 of each 
rockfill area. Particle size distribution tests were done 
by taking large samples and doing in-situ grading and 
sieve test. Some samples particle size distribution 
curves are shown in Figure7. 

 

Figure 7. Particle size distribution curves rockfill materials 

 

5.2 Large in-place density test 

Large scale density test is done according to ASTM 
D5030 (ASTM, 2013) for “Density of Soil and Rock 
in Place by the Water Replacement Method in a Test 
Pit”. This method contains correction for particle 
larger than 3 inches. Figures 8 and 9 show large in-
place density test in trial area. 

Table 1 shows large density tests results and Figure 
10 shows the variation of dry density with lift thick-
ness and number of roller passes. It could be seen that 
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lift thickness 30 and 45cm lead to upper range of dry 
density. 

The average dry density of lifts with thickness 
30cm for roller pass number 4, 6 and 8 are 21.3, 21.5 
and 20.4 kN/m3 respectively. Also, the average dry 
density of lifts with thickness 45cm for roller pass 
number 4, 6 and 8 are 21.3, 21.3 and 19.6kN/m3 re-
spectively. The average dry densityof60 cm lifts thick-
ness for roller pass of 4, 6 and 8 are 19.6, 19.5 and 
20.0 kN/m3 respectively.ecreasing of dry density in 8 
roller passes may come back to breaking of particles 
and loosing of rockfill material. When there is boulder 
in pit, should be separate for weighting and calculating 
in test result. 
 

Figure 8. Digging a pit for large in-place density test 
 

Figure 9. A photo of trial area parts and large in-place density 

test holes 

Table 1. Large in-place density test results 

No 
Lift  

thickness 
(cm) 

Number 
of Roller 

Pass 

Natural 
density 

 (kN/m3) 

Dry  
density 

 (kN/m3) 

1 

30  

4 
21.8 21.4 

2 22.2 21.2 

3 
6 

22.2 21.2 
4 22.3 21.8 

5 
8 

21.2 20.3 

6 21.2 20.4 

7 

45  

4 
22.0 21.4 

8 21.9 21.3 

9 
6 

22.4 21.8 
10 21.7 20.9 

11 
8 

19.8 19.2 
12 21.9 20.8 

13 

60  

4 
19.5 18.5 

14 20.1 20.8 

15 
6 

19.3 18.8 

16 20.9 20.1 
17 

8 
18.6 19.1 

18 21.4 21.0 

 

 

Figure 10. Variation of dry density with lift thickness and number 

of roller passes 

 

5.3 Plate Load Test 

Plate load tests done at 18 places on trial area and test 
results are presented at Table 2. Plate diameter was 45 
cm. 
 
Table 2. Plate load test results 

No 
Lift 

thickness 
Number of 
Roller Pass 

Ks 
(MN/m3) 

E 
(MPa) 

1 

30 cm 

4 
280 89.3 

2 650 207.4 

3 
6 

380 121.2 
4 380 119.6 

5 
8 

400 127.6 

6 340 108.5 
7 

45 cm 

4 
500 159.5 

8 640 204.2 
9 

6 
450 143.5 

10 320 102.1 
11 

8 
420 134.0 

12 270 86.1 

13 

60 cm 

4 
300 95.7 

14 240 76.6 

15 
6 

380 121.4 
16 440 140.4 

17 
8 

310 98.9 

18 450 143.6 
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Subgrade modulus (Ks) calculated based on load-
settlement curves. Figure 11 shows variation of sub-
grade modulus with lift thickness and number of 
passes. It could be seen than 45 cm lift thickness with 
4 passes of roller compaction, have better results rela-
tive to result of 30 and 60 cm lift thickness.  

A picture of plate load test performance is shown 
in Figure 12. 

Figure 11. Variation of subgrade modulus with lift thickness 

and number of roller passes  
 

Figure 12. Plate load test with track reaction load 

5.4 Compaction Test 

Compaction tests are done on particles passing sieve 
¾ inches based on ASTM D1557 (ASTM, 2012) and 
then corrections are done based on weight percentage 
of particles larger than ¾ inches to 3 inches, based on 
ASTM D4718 (ASTM, 2001). 

Three tests were done on the trial area and the re-
sults are presented on Table 3. 
 

Table 3. Modified compaction test results 

No 
Maximum dry density 

(kN/m3) 
Optimum mois-
ture content (%) 

1 21.2 7.5 

2 22.2 7.8 

3 21.3 7.4 

 
Tests results shows the maximum dry density of 

samples smaller than ¾ inches is about 21.6 kN/m3 
and the maximum dry density of total material is cal-
culated as 22.8 kN/m3. 

5.5 Seismic wave tests 

Surface seismic tests, by refraction method, are done 
on trial area, to see the P-wave and S-wave velocity 
variations in the trial area. Figure 13 shows test per-
formance on compacted rockfill layers. The P-wave 
velocity (Vp) varies between 630to1050 m/s and the 
S-wave velocity (Vs) varies from330to460 m/s on 
compacted rockfill layers. A primary relation between 
Vs and compaction percent figure out and showed on 
Figure 14. Vs corresponding to compaction percent 
85% is about 390 m/s. A refraction test is a non-de-
structive test with fast performance. Also, it could be 
done over a vast area for comparing the quality of 
compaction in different parts.  

 

Figure 13. Seismic test performance on trial area 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Relationship between shear wave velocities 

and compaction percent on rockfill layers 
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6 DISCUSSION 

Performing high thickness embankment, using rock-
fill layers is very fast and economic. For determining 
the best pattern for rockfill embankment, including 
rockfill lift thickness and roller passes number is gen-
erally using trial embankment in a trial area. In this 
project, three different rockfill embankments with lift 
thickness of 30, 45 and 60cm had made with 3 differ-
ent compaction efforts (roller passes number). Five 
different tests performed on trial rockfill embankment. 
The main object of the tests was to compare the effect 
of lift thickness, maximum particle size and number 
of roller passes on rockfills. 
Figure 15.   3D chart of compaction percent and lift thickness 

versus number of passes 
 

The summary of tests results is presented on the Table 
4. Also Figure 15 shows a 3D chart of compaction per-
cent and lift thickness versus number of passes. It 
could be seen that there is a meaningful difference be-
tween compaction percentages of 45cm and 60cm lift 
thickness, which shows the vibratory rollers compac-
tion rate would be more effective in 45 cm lifts. 
Table 4. Summary of test results 

Lift 

thick. 

cm 

No. of 

roller 

passes 

Natural 

Density 

kN/m3 

Dry 

Density 

kN/m3 

Ks 

MN/m3 

E 

MPa 

Comp. 

(%) 

30  

4 
21.8 21.4 280 89.3 94 

22.2 21.2 650 207.4 93 

6 
22.2 21.2 380 121.2 93 

22.3 21.8 380 119.6 96 

8 
21.2 20.3 402 127.6 89 
21.2 20.4 340 108.5 89 

Ave. 21.8 21.1 400 128.9 92 

45  

4 
22.0 21.4 500 159.5 94 

21.9 21.3 640 204.2 93 

6 
22.4 21.8 450 143.5 96 

21.7 20.9 320 102.1 92 

8 
19.8 19.2 420 134.0 84 
21.9 20.8 270 86.1 91 

Ave. 21.6 20.9 430 138.2 92 

60  

4 
19.5 18.5 300 95.7 81 

20.1 20.8 240 76.6 91 

6 
19.3 18.8 380 121.4 82 
20.9 20.1 440 140.4 88 

8 
18.6 18.1 310 98.9 80 
21.4 21.0 450 143.6 92 

 Ave. 20.0 19.4 350 112.7 85 

Looking at the effect of number of passes shows 
that 8 passes have less compaction percentage that it 
would be the result of particle breakage and loosing 
below the roller. Subgrade modulus for lift thickness 
60cm is less than lift thickness 30 and 45cm.  

As a main conclusion, the best rockfill compaction 
method for the project, proposed as using 45cm lift 
thickness and 6 passes of roller compactor. For zones 
that minimum compaction percentage was defined as 
85%, the best compaction composed of 2 roller pass 
on 45 cm lift thickness. 

Based on refraction surface seismic tests, when the 
shear wave velocity of rockfill layers was more than 
390m/s, the compaction ratio had been reached to 
more than 85% MDD. Seismic methods are good 
methods for whole evaluation of massive rockfills. 

7 CONCLUSION 

Using rockfill layers for filling deep valleys in engi-
neering embankments is prone, fast and economic. For 
determining the best pattern for rockfill embankment, 
is generally using trial embankment in a trial area. In 
the studied project, three different rockfill embank-
ments with lift thickness of 30, 45 and 60 cm had made 
with 3 different compaction efforts. There is a mean-
ingful difference between compaction percentages of 
45cm and 60cm lift thickness, which shows the vibra-
tory 15 tones rollers compaction rate would be more 
effective in 45cm lifts. Seismic wave tests are suit for 
evaluation rockfill layers, of course it is need to cali-
brate by some large density tests in trial area. In this 
study when the shear wave velocity of rockfill layers 
was over 390m/s, the compaction ratio had been 
passed 85% MDD. 
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