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ABSTRACT 
    Roller compacted concrete (RCC) is a technology characterized mainly use of 
roller for compaction. This construction method permits considerable reduction in 
costs and construction time of dams and roads. The main aim of this work is to 
investigate the influence of compaction methods on the properties of RCC. the 
experimental program included preparing cylindrical specimens with (diameter of 
150 mm by height of 300 mm) for measuring the compressive strength, splitting 
tensile strength and absorption. And it also includes prism specimens with 
(100*100*400) mm for measuring the modulus of rupture. These specimens were 
compacted by using different compaction methods, dynamicly (modified proctor 
hammer compaction (CBR test), vibrator table, and vibrator table with CBR test) and 
statically (compacting pressure (compacting pressure 10 MPa, 15 MPa and 20 MPa). 
Results show that the compaction methods have a noticeable effect on the properties 
of RCC. The results also indicated that using vibrator table with CBR show an 
increase in the compressive strength, splitting tensile strength and modulus of rupture 
by 23%, 14% and 13%, respectively as compared with compacted by vibrator table 
only. The results also show that using compacting pressure 20 MPa show an increase 
in the compressive strength, splitting tensile strength and modulus of rupture by 31%, 
27%, and 39%, respectively as compared with that made by compacting pressure 10 
MPa. 
 
Keywords: Roller compacted concrete, compaction, compressive strength, splitting 
tensile strength, Modulus of rupture. 
 
 

 تأثیر طرق الرص المختلفة على خواص الخرسانة المرصوصة بالحدل
 

 الخلاصة:
تعتبر الخرسانة المرصوصة بالحدل من التقنیات التي تمتلك بالدرجة الاكبر خاصیة استعمال    

الخرسانة یوفر الوقت و الكلفة في إنشاء السدود و الطرق. الحادلات لرص الخرسانة, ان استعمال ھذه 
إن الھدف الرئیسي من ھذا البحث ھو دراسة تأثیر طرق الرص المختلفة على خواص الخرسانة 

 المرصوصة بالحدل.
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ملم) لغرض قیاس  300ملم و ارتفاع  150تضمن المنھاج العملي تحضیر نماذج فحص اسطوانیة بابعاد (قطر   
)ملم 400* 100* 100مقاومة الانضغاط و مقاومة شد الانشطار و الامتصاص و استخدام مواشیر ذات ابعاد ( 

یة بصورة دینامیكیة (الرص لغرض فحص معامل التصدع. و قد تم استعمال طرق مختلفة لرص النماذج الخران
بالمطرقة, المنضدة الھزازة, المنضدة الھزازة ثم الرص بالمطرقة معاً) و بصورة ستاتیكیة (بتسلیط ضغط بمقدار 

و قد بینت النتائج بان لطرق الرص المختلفة تأثیر ملحوظ  .)میكاباسكال 20, میكاباسكال 15, میكاباسكال 10
حدل, كما اشارت النتائج بان استعمال طریقة المنضدة الھزازة مع الرص على خواص الخرسانة المرصوصة بال

% على 13%, 14%, 23یؤدي الى زیادةفي مقاومة الأنضغاط, الأنشطارومعامل التصدع بمقدار  بالمطرقة
التوالي مقارنة بتلك التي تم رصھا بواسطة المنضدة الھزازة وكذلك بینت النتائج ان استعمال طریقة تسلیط 

%, 31میكاباسكال یؤدي الى زیادة في مقاومة الانضغاط, الانشطار, ومعامل التصدع بمقدار  20غط بمقدار الض
 20وطریقة تسلیط ضغط  میكاباسكال 10% على التوالي مقارنة بتلك التي تم رصھا بتسلیط ضغط %39, 27

 مرصوصة بالحدل.لرص النماذج تعطي تحسن جید في الخواص المیكانیكیة للخرسانة ال میكاباسكال
 
 

INTRODUCTION 
oller Compacted Concrete (RCC) takes its name from the construction 
method used to place the concrete; RCC is being used in many parts of the 
world such as Canada, U.S.A. and France [1]. 

RCC is based on zero slump concrete mix with very low water content in order to 
facilitate compaction using vibratory rollers. The roller compacted concrete technique 
achieves significant time and cost savings in the construction of concrete dams and 
pavements [2]. 
The term "Roller Compacted Concrete" is also defined by ACI committee 116-R [3] 
as "concrete compacted by roller compaction ; concrete that , in its unhardened state , 
will support a roller while being compacted, and the properties of hardened (RCC) 
can be similar to those of conventionally placed concrete" . 
The concept of roller compacted concrete had probably its beginning at the 
engineering foundation conferences held in 1970 and 1972 in USA [4]. 
RCC has been successfully placed in lift thickness ranging from a minimum of 150 
mm (compacted thickness). Lift thickness can vary depending on mix proportions, 
placement rates and compaction procedures [5]. Each lift is compacted with vibrating 
steel. Wheel roller, these compacters range from relatively small to light asphalt 
rollers. Compaction  in thick lifts after spreading in thin layers is effective provided 
proper dozer equipment and technique are used and mixture is proportioned for a 
workabilitybin 10 to 30 sec range [6]. 
A few investigation have been made about the effect of compaction methods on the 
mechanical properties of roller compacted concrete [7, 8]. 
In this field a recent study was carried out (Abdulla) [9] to evaluate physical and 
mechanical properties of RCC using roller loading to simulate the field condition and 
using hammer compaction method. 
The main aim of this research is to study the effect of different compaction methods 
(hammer compaction (CBR test), vibration by vibrating table, vibration with hammer 
compaction and static compaction with different of compacting pressure) on the 
mechanical properties of roller compaction concrete. 
 
Experimental Work   
Materials 
Cement 
  Ordinary Portland cement (Type I) manufactured by Tasluja cement factory was 
used. The chemical composition and physical properties of cement are presented in 

R 
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Tables (2). The test results have shown that the cement conforms to the provisions of 
Iraqi Specification No. 5 (1984) [10]. 
Aggregate 
The aggregate which is used is combined aggregate, it was sieved in to different sizes 
which were combined in appropriate portions in order to satisfy the combined 
aggregate grading requirements and conform with the ACI-325-10R-95 [11], the final 
grading of combined aggregate is shown in Table (2). 
Water 
Potable water of Baghdad was used in RCC mixes and curing. 
Mixes 
In order to select the mixture  proportion for RCC the design method recommended 
by ACI committee 207-5R-99[4] was used.  
Trial mixes were carried out to determine the optimum water cement ratio W/C ratio 
is that which produces a maximum compressive strength. 
Based on results of these trial mixes, the final mix had the following constituents: 
1. Cement content = 250 kg/m3  
2. Fine aggregate = 800 kg/m3 
3. Coarse aggregate = 1300 kg/m3 
4. Water content= 112 Kg/m3 
The workability of the concrete mix was measured by Vebe apparatus (Vebe time = 
18 sec). 
Mixing 
  The dry materials of reference mix of roller compacted concrete were placed in the 
mixer and initially mixed for about one minute before the required water was added 
to mixture, to attain a uniform mix. The required quantity of tap water was then added 
and the whole constituents were mixed wet for about four minutes, until 
homogeneous concrete was obtained. 
Preparation of specimens 
  The specimens of RCC were prepared by using cylinder steel moulds of size (150 × 
300mm) and prisms of size (100 × 100 × 400mm). For compaction of the specimens, 
using different compaction methods, by dynamically and by static load. 
a.Dynamically 
Modified Proctor test method 
   Soil compaction equipment was used automatically to compact the specimens for 
proctor and CBR hammer. The moulds rested on uniform rigid base plate of 
apparatus, and then the concrete was placed in three equal layers if the cylinder 
moulds were used and in two layers for prisms. The automatic blow pattern ensures 
optimum compaction for each layer of concrete. The rammer of 4.5 Kg weight itself 
travelled across the mould, each layer received 56 blows according to ASTM-
D1557[12] (modified Proctor test) method. 
Vibrating table: 
   The mould field in equal layers, the frequency of vibration of vibrating table used in 
3000 cycles per minute. Because of the concrete mix is very dry, it may be necessary 
to exert pressure or its top surface during vibration. Each layers compaction for 20 
seconds. 
modified Proctor test and vibrating table 
b.Compaction by static load  
  The required load (10, 15, 20 MPa) was applied on each layer of concrete, using 
ELE universal testing machine with capacity of 2000 kN. 
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Curing 
  After that the specimens were demoulded, and then it placed in tap water for curing 
before testing. 
Experimental tests 
Compressive Strength 
  The compressive strength was determined from cylinder specimens tests of 150mm 
diameter × 300mm height according to ASTM C-39-04[13]. This test was conducted 
at 7 and 60 days of age. 
Splitting Tensile Strength 
   The splitting tensile strength was carried out according to ASTM C-496-04[14], 
standard cylinders of 150mm diameter × 300mm height were used. This test was 
conducted at ages 7 and 28 days. 
Flexural Strength (Modulus of Rupture) 
  The flexural strength tests were carried out on (100×100×400) mm prism specimens 
in accordance with (ASTM C78-03)[15], using flexural strength test machine of 300 
kN capacity. Since fracture occurs within the central one third of the beam for all 
specimens. The flexural strength was determined by two – loading points method. 
This test was conducted at age 60 days. 
Water Absorption 
  The water absorption test was carried out according to B.S.-1881- 122-1983[16].  
 
Results and Discussion  
Compressive strength 
   The effect of using different compaction methods (dynamic compaction and static 
compaction) on compressive strength of roller compacted concrete specimen are 
given in table (3) and figure (1) and (2). Generally it can be seen that for all 
specimens the compressive strength increases with age as a results of the progress in 
hydration process. Besides the results show that the compressive strength at 90 days 
age of specimens made by using dynamic compaction (modified Proctor test method- 
(CBR hammer)) is higher than the compressive strength of the specimen made by 
using vibrator table by 12%, while the percentage increase in compressive strength of 
specimens compacted by vibrator table with CBR hammer by value 23% compared 
with specimens compacted by vibrator table. 
   The figures shows also that the compressive strength at 90 days age of specimen 
obtained using static compaction method by compacting pressure 10 MPa is lower 
than that compacted by 15 MPa and 20 MPa by 14.6 % and 31% respectively. This 
reduction may be due to the presence of voids as results of insufficiently compacted 
pressure to obtain fully compacted concrete, these voids are reflected in their 
reduction in compressive strength [17]. From the results in figures (1 and 2) it can be 
clearly seen that the compressive strength at early age and later age of specimen made 
by using vibrator table with modified Proctor test is approximately the same with 
compressive strength of specimen made by compacting pressure 20 MPa. While the 
compressive strength at all ages of specimens compacted by vibrator is higher than 
specimen compacted by pressure 10 MPa with average value about 9%. 
 
Splitting Tensile Strength  
   The effect of different compaction methods on splitting tensile strength are 
presented in table (3) and figures (4) and (5). As can be seen from figures, the trends 
of curves are approximately similar to that of compressive strength. Splitting tensile 
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strength at age 90 days of specimen made by using (vibrator table with CBR hammer) 
is higher than the splitting tensile strength of specimens made by vibrator only, CBR 
test by 14% and 9%, respectively. 
   From the results, it is observed that there is an increase of splitting tensile strength 
at 90 days age of specimen made by compacting pressure 20 MPa in comparison with 
the specimens made by compacting pressure 10, 15 MPa, this increase was 27% and 
16 %, respectively. The results also show that the splitting tensile strength of 
specimens using vibrator table with CBR hammer is similar to that made by 
compacting pressure 20 MPa. 
   Splitting tensile strength as a percentage of a compressive strength at different age 
of RCC specimens compacted by different compaction methods are indicated in table 
(4). Generally it can be seen that strength ratio vary from 0.11-0.13, these results are 
in agreement with that reported by ref. [9]. 
 
Modulus of Rupture 
   The effect of different compaction methods on the modulus of rupture (ultimate 
flexural strength) are shown in figures (5) and (6) and table (3). It can be observed 
from the results that the modulus of rupture at age 90 days of specimen made by 
using (CBR hammer with vibrator) is higher than that made by vibrator, CBR 
hammer by 13% and 10 % respectively. It can be noted that the specimens of RCC 
made by using compacting pressure 20 MPa showed an increase in modulus of 
rupture at age 90 days of value 39%, 19% respectively over that made by using 
compacting pressure 10 MPa and 15 MPa, and have approximately same value as that 
made by dynamic compaction method (vibrator table with CBR hammer). 
The relationship between modulus of rupture of RCC specimens compacted by 
different methods is indicated in table (6). It can be seen that the strength ratio of 
modulus of rupture to compressive strength at different ages from 0.21-0.24. These 
results are in agreement with finding by others [9]. 
 
Water absorption 
    The results obtained from measurement of water absorption of RCC specimens 
using different compaction methods are shown in table (6). It can be seen that the 
percentage of the absorption for specimen compacted by pressure 10 MPa is greater 
than that of other compaction method this may be attributed to the presence of voids 
as a result of insufficiently compacted pressure to obtain fully compacted 
concrete[17].while the lowest overall absorption is for the specimens compacted by 
(vibrator table with CBR hammer) and that by compacting pressure 20 MPa. 
Generally these results show that the compaction method has a little effect on the 
water absorption of RCC. 
 
Dry density: 
     The results of dry density at age of 28 days for RCC specimens using different 
compaction methods is shown in table (6). 
The results also indicated that the dry density of RCC made by using vibrator table 
with CBR hammer is higher than other dynamic compaction methods (table vibrator 
only and CBR hammer only). The dry density of that made by compacted pressure 20 
MPa is higher than other static method (compacting pressure 10 MPa, 15 MPa). 
These results of high dry density are reflected in high compressive strength of RCC 
specimens. 
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Figure (1): Relationship between compressive strength and 

age of RCC. 

 
Figure (2): Effect of compaction methods on compressive 

 strength of RCC. 

 
Figure (3): Relationship between splitting tensile strength 

 and age of RCC. 
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Figure (4): Effect of compaction methods on splitting tensile 

 strength of RCC. 

 
Figure (5): Relationship between flexural strength and 

age of RCC. 

 
Figure (6): Effect of compaction methods on flexural 

strength of RCC. 
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Table (1): Cement Characteristics. 

 
 

Table (2): Grading of Combined Aggregate for RCC. 
Sieve size Percent passing 

% 
Limits according 
to ACI% passing mm 

19 99 85-100 

12.5 71 77-95 

9.5 51 67-85 

4.75 37 50-70 

2.36 34 38-56 

1.18 30 28-48 

0.6 28 18-38 

0.3 12 12-28 
0.15 8 8-18 

0.075 7 2-8 

 
* SO3 content in Coarse aggregate = 0.08 
* SO3 content in Fine aggregate= 0.03 
 
 
 
 
 

Chemical Analysis Compound Physical Properties 
Oxide % by weight Composition%  
CaO 62.80 C3S 58.1 Specific surface 

area, 
Blain’s method, 

m²/kg 

 
323 

 
 

SiO2 20.30 C2S 14.89 

Al2O3 4.60 C3A 7.57 Soundness, 
Le-Chatelier 

Method (mm) 

 
1 
 Fe2O3 2.81 C4AF 8.69 

MgO 2.40  Setting time, 
Vicat’s method 
Initial setting 

hr:min 
Final setting   hr:min 

 
 

2.25 
 

4.35 

SO3 2.45 

Na2O 0.60  

K2O 0.25 

Compressive 
strength 

3 days  N/mm² 
7 days  N/mm² 

 
 

23.6 
30.3 

Loss on ignition, 
(L.O.I) 3.0  

Insoluble residue 0.6  

Lime saturated factor 0.87 
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Table (3): Mechanical Properties of RCC Using Different Compaction Method 

Method of 
compaction 

Compressive Strength 
(MPa) 

 

Splitting Tensile 
Strength(MPa) 

 

Modulus of Rupture 
(MPa) 

 

Age –(days) 
7 28 60 90 7 28 60 90 7 28 60 90 

CBR hammer 
 13.7 20.1 22 23.8 1.73 2.59 2.84 2.9 3.1 4.7 5.21 5.44 

Vibrator 
 12.2 18.8 20.7 21.3 1.71 2.54 2.65 2.78 3.05 4.6 5.1 5.26 

Vibrator+CBR 
 14.8 22.7 25.2 26.3 1.76 2.68 2.95 3.15 3.44 5.07 5.53 5.95 

Compacting 
pressure 
10 MPa 

11.4 17.1 18.7 19.8 1.37 2.04 2.39 2.53 2.52 3.75 4 4.35 

Compacting 
pressure 
15 MPa 

13.1 19.6 21.5 22.7 1.6 2.38 2.63 2.77 2.96 4.36 4.9 5.1 

Compacting 
pressure 
20 Mpa 

15.4 23 25.3 26.4 1.87 2.8 3.1 3.2 3.63 5.25 5.7 6.05 

 
 

Table (4):  Relation between Splitting Tensile Strength and Compressive 
Strength of RCC of Different Compaction Method 

Compaction 
Method 

Strength ratio- Age-days 
7 28 60 90 

C.B.R. 
hammer 0.13 0.13 0.13 0.12 

VIB 0.14 0.14 0.13 0.13 
CBR+VIB 0.12 0.12 0.12 0.12 

C.P. 10 
MPa 0.12 0.12 0.13 0.13 

C.P .15 
MPa 0.12 0.12 0.12 0.12 

C.P. 20 
Mpa 0.12 0.12 0.12 0.12 
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Table (5):  Relation between Modulus of Rupture and Compressive Strength of 
RCC of Different Compaction Method 

Compaction 
Method 

Strength ratio- Age-days 
7 28 60 90 

C.B.R. 
 0.23 0.23 0.24 0.23 

Vibrator 
 0.25 0.24 0.25 0.25 

CBR+VIB 
 0.23 0.22 0.22 0.23 

C.P. 10 MPa 0.22 0.22 0.21 0.22 
C.P .15 MPa 0.23 0.22 0.23 0.22 
C.P. 20 MPa 0.24 0.23 0.23 0.23 

 
Table (6): Absorption and Dry Density of RCC at 28 days. 

Method of  
Compaction Absorption (%) Dry Density (kg/m3) 

CBR Hammer 
 3.61 2435 

Vibrator Table 
 3.90 2425 

CBR Hammer with Vibrator 
Table 3.50 2460 

Compacting Pressure 10 \ 
(MPa) 4.00 2430 

Compacting Pressure 15 
(MPa) 3.59 2430 

Compacting Pressure 20 
(MPa) 3.50 2458 

 
Conclusions: 
Based on the results and discussions, the following conclusions can be drawn: 
1-The results show that there is a considerable effect of compaction methods on 
mechanical properties of RCC. 
2-Using vibrator table with CBR hammer improve the properties of RCC. The 
compressive strength, splitting tensile strength and modulus of rupture of RCC 
specimens at age of 90 days is higher than that made by CBR hammer only. 
3-The specimens of RCC made by using static compaction method by compacting 
pressure 20 MPa show an increase in compressive strength at age of 90 days of value 
31%, 16 % over that made by using compacting pressure 10 MPa and 15 MPa, 
respectively. 
4-The splitting tensile strength and modulus of rupture of RCC at age of 90 days were 
obtained using compacting pressure 20 MPa shows a significant increase by 27 %, 39 
% respectively compared to that of compacting pressure 10 MPa, while the increase 
was 16%, 19% as compared with that made by compacting pressure 15 MPa. 
5-The results show that the RCC by static method (compacting pressure 20 MPa) 
have approximately the same value as that made by dynamic method (vibrator table 
with CBR hammer). 
6-The results show that the compaction methods have a little effect on water 
absorption of RCC. 
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