
540 

 

RESEARCH JOURNAL OF FISHERIES AND HYDROBIOLOGY, 10(9) May 2015, Pages: 540-545 

Pooria Dashtizadeh, 2015 

RESEARCH JOURNAL OF FISHERIES AND HYDROBIOLOGY 

 
© 2015 AENSI Publisher All rights reserved 

ISSN:1816-9112  
Open Access Journal 

Copyright © 2015 by authors and American-Eurasian Network for Scientific 
Information. 

 
This work is licensed under the Creative Commons Attribution International License 

(CC BY). http://creativecommons.org/licenses/by/4.0/ 

  

 

Rehabilitation of Tabarja – Chekka 
Highway (Lebanon)Using Cold In-Place 
Recycling With Foamed Bitumen and 
CementTechnique   
Pooria Dashtizadeh 

 

ABSTRACT 
Tabarja – Chekka highway is the Lebanon most transit route that connects south to the northern 
borders. The main target of the highway that was constructed on early 80's was to reach the 
Beirut port's transit goods to Syria, Iraq and Jordan. Due to civil war, political turmoil and lack 
of any roads maintenance policy no preventive and preservation activities were carried out on the 
highway. On early year 2000, Lebanon government determined to rehabilitate the highway. The 
Tabarja - Chekka portion that was mostly distressed and suffered from various types of problems 
such as bleeding in vast areas, rutting, and settlements that was patched and filled widely, 
different type of crocodile, longitudinal and transverse cracks was subjected to be rehabilitated. 
The total length of this portion is 80km (660,000m2) from Tabarja to Chekka and vice versa with 
the varied width in special parts. Based on the 25 years of design life with the EASL of 30×106 
the consultant engineers came up with different rehabilitation solutions. Regarding to the point 
that the existing cracks will reflect to the surface of newly overlay after a short period of time, 
removing and stock-piling of asphalt in the nature will cause pollution in the wild life traditional 
rehabilitation methods were not approved by road authorities. Thus consultant engineers 
suggested the cold in-place recycling with foamed bitumen and cement as fastest, cost-effective 
and environmental friendly rehabilitation method. In this process bitumen (with shape of foam) 
and cement (with form of slurry) inject to the mixture of in-situ asphalt and underneath base 
course. The mixture will be compacted and reshaped. This will lead to create a layer with much 
higher load bearing capacity and less susceptibility to water ingress. Modifying the transverse 
and longitudinal profile is another benefit of this system. 

 
KEY WORDS: Cold recycling, Foamed bitumen, Rehabilitation, Cracks, Slurry cement. 

Department of Civil Engineering, 
Ahvaz Branch, Islamic Azad 
University, Ahvaz, Iran. 

 
Address For Correspondence: 
Pooria Dashtizadeh, Department 
of Civil Engineering, Ahvaz 
Branch, Islamic Azad University, 
Ahvaz, Iran. 
E-mail: 
Pooria_dz2003@yahoo.com 

 
Received: 12 March 2015 
Accepted: 28 June 2015 
Published: 1 July 2015 

 

INTRODUCTION 

 
 Lebanon is a pocket country that is located in the eastern cost of the Mediterranean Sea. Due to lack of vital 
natural resources such as oil, gas, or gold mines the main income of this natural attractive country that is 
surrounded by green mountains in rear and the blue sea in front was touristy attractions. Regarding to that and 
25 years of civil war that hurt this section and least care to the road network, it encouraged the governors to take 
into consideration the use of the recycling systems to protect the natural resources. Post war reconstruction and 
rehabilitation of the road networks with the length of 4000km was toke over by the Council for Development 
and Reconstruction (C.D.R). 
 
2. Case History: 
 Lebanon two major cities, Beirut and Tripoli, are connected through a highway. This crucial transit way 
that is linking the North section and the South section of the country was constructed twenty-five years ago by 
means of easing the ground transportation. The Tabarja-Chekka portion that was mostly distressed and suffered 
from various types of problems such as bleeding in vast areas, rutting, and settlements that was patched and 
filled widely, different type of crocodile, longitudinal and transverse cracks was subjected to be rehabilitated 
(fig.1). The total length of this portion is 80km (660,000m^2) from Tabarja to Chekka and vise versa with the 
varied width in special parts. 
 
3. Traditional Design: 
 Based on the 25 years of design life with the EASL of 30×10^6 the consultant engineers came up with multi 
rehabilitation solutions that are as follows:  
1-  Overlaying three layers of asphalt  



541 

 

 

2-  Removing the in-situ asphalt layer in the long portion, place 25cm of selected material and overlaying three 
layers of asphalt 
3- Milled of 5-10cm of in-situ asphalt layer and pave three layers with the total thickness of 18cm. 
 Regarding to the point that the present cracks will reflect to the surface of new overlaying after a short 
period of time, removing and stock-piling of asphalt in the nature will cause pollution in the wild life, none of 
the mentioned-above convinced the authorized. 

 

 

 

  

 

 

 

 

 

 

 

 

 

Fig. 1: Typical pavement condition prior to recycling. 

 

4. Latest Rehabilitation Methods: 

 SOTEG Construction Company with utilizing the Wirtgen latest road recycling equipments came up with 

the idea of cold recycling with foamed bitumen & cement. 

     The idea was accepted by the Ministry of Road and Transportation and World Bank Organization due to 

rapid execution, cost effective and re-defining the longitudinal and transverse profile of the road. 

 

5. Initial Investigation & Mix Design: 

 Regarding to the project length numbers of test pits was done and series of tests were carried out on the 

samples. They are along these lines:  

1-  The number of asphalt layers and their thicknesses  

2-  The thickness of base and sub-base layers 

3-  Plasticity index of the selected base and sub-base 

4-  Extraction of the selected asphalt samples 

5-  Proctor test 

6-  Gradation 

The entire road could fall into several structural formations that categorized as follow (fig.2): 

 

6. Foamed Bitumen Structural Design: 

 Concerning the 25 years of design life, EASE = 30×10^6 and sub-grade CBR = 5, the recycled layer 

thickness was calculated as 25cm. This layer should be covered by two layers of hot asphalt concrete with the 

total thickness of 13cm. 

 By studying the asphalt thickness along the road and its bitumen content, numbers of mixes where prepared 

for different portions. 

 The additives percentages are summarized as: 

Added bitumen: (1.7 ~ 3) %  

Added cement: 1.5% 

Foaming water: 2.5% 

Compaction water: (1.5 ~ 2) % 

 

7. Quality Control: 

 Comparative to the daily efficiency samples was taken once or twice from the recycled material and 9 

briquettes were prepared in Marshall moulds and each three sets were crashed on ITS (dry and soaked) and 

soaked Marshal. The average of three was taken as final result for each test (fig.3). The tests that carried out to 

control the quality of recycling process are: 

1-  Dry ITS       (min required 200kpa) 

2-  Soaked ITS (min required 100kpa) 

3-  Soaked Marshal Stability (min 700kg) 

4-  Extraction 

5-  Moisture Content  
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Fig. 2: Three types of entire road structural formations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Foamed bitumen crushed sample. 

 

 By taking into consideration that the number of initial test-pits wouldn't be enough in comparison with the 

length of road and to have a closer and more accurate knowledge about the variation of the pavement conditions, 

a blueprint of probing prior to recycler were set up. They are as: 

1-  Check out the asphalt thickness every 100m distance and three points in a row. 

2-  Perform a 25cm depth test-pit with WR2500 in every 500m length of the road to take the samples for 

determining the moisture, bitumen content and the gradation of the mixture of ABC and asphalt (Table1).  

 Based on the above mention secondary analyses, the correspondence mix design for that specific portion 

have been applied, re-defining the gradation by adding the filler or other sizes especially  in the areas that was 

stabilized by cement. 
 

Table 1: Test Result Summery (South Bound). 

Location Average  

Density 

Moisture 

Content 
% 

Extracted 

Bitumen 
% 

Added  

Bitumen 
% 

Ave Dry  

ITS  
(kpa) 

Ave 

Soaked 
ITS  

(kpa) 

Residual 

 % 

Soaked  

Marshall 
(kg) 

Flow  

(mm) 

00+800 2.06 6.00 4.80 1.70 318.00 352.00 111.00 2289.00 2.80 

06+700 2.04 4.00 5.20 1.70 540.00 591.00 109.00 1575.00 2.60 

08+500 2.12 5.60 4.50 1.70 665.00 733.00 110.00 2301.00 2.80 

11+500 2.13 5.10 4.50 3.00 762.00 919.00 121.00 2215.00 2.70 

13+000 2.03 4.40 5.00 1.70 609.00 713.00 117.00 2545.00 2.70 

17+070 2.06 6.20 4.90 1.70 559.00 369.00 66.00 2852.00 2.50 
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20+765 1.98 4.50 4.10 2.00 458.00 239.00 52.00 1479.00 2.00 

24+850 2.07 4.60 5.80 1.70 676.00 709.00 105.00 1206.00 2.20 

27+170 2.06 5.90 4.40 1.70 370.00 325.00 88.00 1537.00 2.80 

29+410 2.06 4.50 5.80 1.70 367.00 408.00 111.00 1296.00 2.60 

32+300 1.97 5.40 5.20 1.70 207.00 336.00 162.00 727.00 2.80 

35+250 1.97 6.20 4.80 1.70 285.00 330.00 116.00 804.00 2.30 

37+970 2.00 7.00 4.00 1.90 208.00 180.00 86.00 1449.00 2.70 

39+150 2.01 6.80 3.60 1.70 360.00 208.00 58.00 1247.00 2.80 

 

 Due to low percentage of the sand in the mix 0-6 mm material was added to maintain the required gradation  

that is shown in the table 2. 
 

Table 2: In Situ Asphalt and ABC Mixture Gradation (Sample Was Prepared By WR 2500). 

Sieve size Retained  
weight (g) 

Retained % Percent Passing 
% 

MIN MAX 

3 in      

2½ in   100   

2 in 0.0 0.0 100.0 100 100 

1½ in 58.9 0.3 99.7 94 100 

1 in 596.1 2.7 97.1   

¾ in 691.8 3.1 94.0 66 100 

½ in 3956.5 18 76   

⅜ in 3937.5 17.6 59 48 75 

3/16 in(No.4) 5374.4 24.0 34.7 35 57 

Percent Passing 3/16 7751.6 34.7    

Total Weight Of 

Sample (g) 

22366.8     

Sieve size Retained  

weight (g) 

Retained % Percent 

Passing % 

Percent Passing 

To The Total % 

MIN MAX 

No. 7 or 8 157.8 31.6 68.4 23.7 25 42 

No. 10 or 14       

No. 25 or 30 185.6 37.1 31.3 10.9 13 28 

No. 36 or 40       

No.52 or 50 70.0 14.0 17.3 6.0 10 24 

No. 72 or 70       

No. 100 23.2 4.6 12.7 4.4   

No. 150       

No. 200 14.9 3.0 9.7 3.4 5 20 

Weight passing Sieve 

No.200 

48.5 9.7     

Total Weight Of 

Sample (g) 

500      

 

 Due to low percentage of filler in the mix the fine materials (passing No.200) was spread to amend the lack 

of required size that is shown in the table 3. 
 

Table 3: In Situ Asphalt and ABC Mixture Gradation (Sample Was Prepared By WR 2500). 

Sieve size Retained  

weight (g) 

Retained % Percent Passing % MIN MAX 

3 in      

2½ in   100   

2 in 177.5 0.8 99.2 100 100 

1½ in 0.0 0.0 99.2 94 100 

1 in 653.3 2.8 96.5   

¾ in 848.6 3.6 92.8 66 100 

½ in 3598.5 15 78   

⅜ in 2147.5 9.1 68 48 75 

3/16 in(No.4) 5147.2 21.9 46.4 35 57 

Percent Passing 3/16 10901.8 46.4    

Total Weight Of 
Sample (gr) 

23474.4     

Sieve size Retained  

weight (g) 

Retained % Percent Passing 

% 

Percent 

Passing To 
The Total 

% 

MIN MAX 

No. 7 or 8 210.1 42.0 58.0 26.9 25 42 

No. 10 or 14       

No. 25 or 30 144.9 29.0 29.0 13.5 13 28 

No. 36 or 40       

No.52 or 50 40.2 8.0 21.0 9.7 10 24 

No. 72 or 70       
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No. 100 41.9 8.4 12.6 5.8   

No. 150       

No. 200 16.4 3.3 9.3 4.3 5 20 

Weight passing Sieve 
No.200 

46.5 9.3     

Total Weight Of 

Sample (gr) 

500      

 

Table 4: In-situ moisture content. 

Can No. 1 

Weight Of  Can ( gr.) 289 

Weight Of Can + Wet Soil (gr.) 1886 

Weight Of Can + Dry Soil (gr.) 1808 

Weight Of Water  (gr.) 77.5 

Weight of Dry Soil (gr.) 1520 

Moisture Content  % 5.1 

 

Table 5: Bitumen content of the recycled material. 

BITUMINOUS CONTENT UNIT SAMPLE 1 

Weight of sample before test g 1000 

Weight of sample after test g 953.7 

Weight of filter paper g 18.3 

Weight of filter paper after the test g 19.8 

Increase in weight filter paper g 1.5 

% bitumen content of dry sample % 4.5 

 

8. Road Profile Re-Definition: 

 By taking into consideration that in recycling process nothing expected as waste material, the wind-raw 

material was used to fill the low area in order to maintain the designed profile in longitudinal and transverse 

directions.  

 Wirtgen Cold Milling machine was used in advanced to recycler train to make up the initial elevation by 

milling off the excess asphalt. It will ease the post recycling grading works. 

 

9. Conclusion: 

 The project period was 6 months and 660,000 square meters was recycled. To the time of preparing the 

report only the first asphalt layer is executed and it's still in pristine condition. Foam bitumen technology proved 

itself as a fast, cost effective, reliable, and nature friendly solution for the future of the aged road with high 

increasing traffic load. The final results are shown in table 6.    

 
Table 6: Deep in-place recycling test results. 

  
 

REFERENCES 

 

SOTEG Company, (2002), “ COLD FOAM IN-PLACE RECYCLING PROJECT ,REHABILITATIO OF   



545 

 

 

TABARJA – CHEKKA HIGHWAY”, Central lab of the SOTEG,Lebanon.  


