
 

I 

 

 

 

 

 الآية
 

 

 وَلََتعَْجَلْ  الْحَق   الْمَلِك   اللَّه   فتَعََالىَ}: قال تعالي 

أنَ قبَْل مِن بِالْق رْآن ب   وَق ل وَحْي ه   إِليَْكَ  ي قْضَى ِِ زِدنِْي رَّ  {عِلْمًا ِِ

 
 صدق الله العظيم 

 (111طه )سورة 
 

 
 
 
 
 
 

 

 

 

 



 

II 

 
ACKNOWLEDGEMENT 

 

 

 

Most sincerely, I wish to thank the Almighty God for being my guide, hope and 

strength and for enabling me to come this far. I wish to say a big thank you for the 

gift of life and health. 

 

First and for most, I would like to express my heart-felt respect and deepest 

gratitude to my resourceful and patient supervisor Dr. Osama .T Quezon for his 

previous time giving advice, help, pain staking correction, guidance and comments. 

 

Secondly of all I would like to express my heartfelt gratitude to Mohammed Saied 

(NEWTECH CONSULTING GROUP) who spent his previous time giving the 

good suggestions, constant guidance and assistance in the preparations of this 

Thesis. 

 

Thirdly I gratefully acknowledge the support of my friend's Eng. Rufaai and to my 

entire class mate who's giving me suggestion, moral and financial assistance to 

facilitate for this Thesis paper. 

 

I am grateful toUpper Atbara and Setit Dam Complex Township paved road 

Authority sponsored me by paying the fee of the University and lastly but not least, 

I thank Sudan University that paid my salary and different expenses for this thesis 

work. 

 

 

 

 

 

 



 

III 

TABLE OF CONTENTS 

 Page 

 i الاية

ACKNOWLEDGEMENT                                                                                                 ii 

TABLE OF CONTENTS                                                                                                 iii 

LIS OF TABLES iv 

LIST OF FIGURES v 

ABSTRACT x 

ABBREVIATIONS AND ACRONYMS  ix 

CHAPTER ONE  1 

INTRODUCTION  1 

1.1 Background  1 

1.2 Statement of the problems  3 

1.3 Significance of the study 3 

1.4 Research questions 4 

1.5 Objectives  4 

1.6 Scope and Limitation of the Study 4 

1.7 Structure of the Research 5 

CHAPTER TWO:  6 

LITERATURE REVIEW 6 

2.1General Description of Road Drainage System 6 

2.2 Road Surface Drainage 7 

2.2.1 Shoulders  7 

2.2.2 Cross slope 8 

2.2.3 Longitudinal drainage  8 

2.3 Subsurface drainage systems (culverts  8 

2.4Alignmen of Drainage System  8 

2.5 Description and Function of Road Drainage System 9 

2.5.1 Description of Road Drainage Systems 9 

2.5.2 Functions of Road Drainage Systems 9 

2.6 Failures of Road Drainage System 9 

2.7 Effects of Drainage on Roads  10 

2.8 By drainage effects of water on road 11 

2.9 Culverts 11 

2.10 Components of a road and pavement drainage system 12 

2.10.1 Ditches 13 

2.10.2 Erosion Control in Ditches 13 

2.11 Necessities to Construct Drainage System 14 



 

IV 

2.12 The Criteria for Roadside Channels  14 

2.13 Design Flood for Road Drainage System 14 

2.14 Flow Velocity in Road Drainage System  15 

2.15 Hydrological Analysis  15 

2.16 Hydrological Equations for Determining Peak Flood  16 

2.16.1 Rational Method  16 

2.16.1.1 Runoff Coefficient 19 

2.16.1.2 Rainfall Intensity 19 

2.16.1.3 Time of Concentration 20 

2.16.1.4 Catchment Area  21 

2.16.2 The SCS method  21 

2.16.2.1 Catchment Area  22 

2.16.2.2 Rainfall-Runoff Equation  22 

2.16.2.3 Time of Concentration 23 

2.16.2.4 Runoff and Curve Numbers  27 

2.16.2.5 Hydrological Soil Groups  28 

CHAPTER THREE:  29 

METHODOLOGY  29 

3.1 Research Methodologies  29 

3.2 Study Area  29 

3.3 Study period  30 

3.4 Research design  30 

3.5 Study population 30 

3.6 Sample size and sampling procedure 31 

3.7 Data collection process 31 

3.8 Data processing and analysis 32 

3.9 Ethical considerations 32 

3.10 Data quality assurance  33 

3.11 Limitations of the study 33 

3.12 Rational Method  33 

3.13 Equation 33 

CHAPTERFOUR  34 

RESULTANDDISCUSSION  34 

4.1 Result From questionnaires analysis 34 

4.2 Causes and effects of drainage system on asphalt road that response from the 

Engineer 

34 

4.2.1. Causes of drainage on the flexible pavement road  34 

4.2.2 The effects of drainage system on the road.  35 



 

V 

4.2.3 Appropriateness of the drainage system  37 

4.2.4 State of the drainage services 38 

4.3. Causes and effects of drainage system on asphalt road that response from road 

users  

38 

4.3.1 Level of road users‟ satisfaction of the drainage  39 

4.3.2. Causes and effects of drainage system on asphalt road that response from the 

residents  

40 

4.4 Results from observation and photography 41 

4.4.1 Causes and effects of drainage system on asphalt road Surface due to  drainage 

that collected from the field with the photography 

41 

4.5 Investigations of Design and Construction Performs on the study area 42 

4.5.1 Design and Construction Application at Station 0+30(road3) 43 

4.5.2 Design and Construction Application at Station 0+400(road2) 44 

4.5.3 Design and Construction Application at Station 0+85(road38) 45 

4.6 Results Analysis 47 

4.6.1 Descriptions of Watershed Area  47 

4.6.2Calculation of Catchment characteristics  47 

4.6.2.1 Catchment Parameters at Station 0+30(road3) Drainage system 47 

4.6.2.2 Catchment Parameters at Station 0+400(road2) Drainage System 52 

4.7 Peak Discharge Computation  55 

4.7.1 Peak Discharge at Station 0+85(road38) Drainage System 55 

4.8  Existing culverts design 57 

4.9  Analysis design 59 

4.10 Comparison between new culverts and old culverts 59 

4.11 Culverts dimension 60 

4.11.1 Station 0+400  60 

4.11.2 station  0+30  61 

4.11.3 Station 0+85 63 

CHAPTER FIVE  65 

CONCLUSION AND RECOMMENDATION  65 

5.1 Conclusion 65 

5.2 Recommendation 66 

REFERENCES 67 

APPENDEX 71 

APPENDIX A: Time of Flow, Unit Peak Discharge and SCS CN Charts 72 

APPENDEX B: Roughness and Runoff Coefficient Values and Parameters for the 

Design of Drainage Structures  

79 

APPENDEX C: Questionnaire 90 

  

  



 

VI 

                                                                                                                              

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LIST OF TABLES  
                                                                                                                           

Page 

                                                                                                                            

Table4.1 Response rate  34 

Table4.2 problem, Causes, effects and actions concerning road drainage  36 

Table4.3 Existing drainage systems 47 

Table4.4 summary of the watershed properties calculations at station 0+30 49 

Table4.5 summary of time concentration at station 0+30  51 

Table4.6 summary of the watershed properties calculations at station 0+400 53 

Table4.7 summary of time concentration at station 0+400 54 

Table4.8 Catchment Parameters for Design and Check Station 0+30 57 

Table4.9 Catchment Parameters for Design and Check (Station 0+400)  58 

Table4.10Catchment Parameters for Design and Check at Station 0+8 58     

  



 

VII 

LIST OF FIGURE 
                                                                                                                               

 page 

Figure2.1 Shoulders 7 

Figure2.2 Effects of water on roads  10 

Figure2.3 Culverts  12 

Figure2.4 Ditches 13 

Figure4.1 Considerations when coming up with a road design  35 

Figure4. 2 Percentage of roads with inadequate drainage sys 37 

Figure4.3 Frequency of road usage by road users  38 

Figure4.4 Effects of poor drainage system on the flexible pavement road 39 

Figure4.5 Level of road user satisfaction 40 

Figure4.6 Proximity of residents  40 

Figure4.7 Improvement activities  41 

Figure4.8 Accumulation of soils on the road and Edge of the road erosion  42 

Figure4.9 The side drain was blocked with soil, debris, wheel and solid waste 42 

Figure4.10 Damaged Culverts at Station 0+30  43 

Figure4.11 initially constructed one Rows of Pipe Culvert at Station 0+400 44 

Figure4.12 initially constructed one Rows of Pipe Culvert at Station 0+85 46 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 



 

VIII 

ABBREVIATIONS AND ACRONYMS 
 

 ADO        Arizona Department of Transportation  

 

 BDM        Bridge Design Manual  

 

 CWA       Clean Water Act  

 

 DDM       Drainage Design Manual  

 

 EMA       Ethiopian Mapping Agency  

 

 ERA        Ethiopian Road Authority  

 

 FHWA      Federal Highway Administration  

 

 GDM        Geometric Design Manual  

 

 GIS          Geographic Information System  

 

 HEC          Hydrologic Engineering Center (USACE)  

 

 HWDG      Highway Drainage Guidelines  

 

 IDF           Intensity-Duration-Frequency  

 

 NCR         National Census Reported  

 

 SCS         Soil Conservation Service  

 

 SRA         Swedish Road Administration 

 

 USNBIS  United states National Bridge Inspection Standard16 

 

                         

 

 

 

 



 

IX 

 

 

ABSTRACT 

          The objective of this study was to investigate the Evaluation the 

impact of rain and storm to asphalt pavement drainage system on the 

asphalt pavement of road segment in Upper Atbara and Setit Dam 
Complex Township. 

                   In Upper Atbara and Setit Dam Complex Township drainage 

system are not properly functioning because the area of project are very 
expansive soil they are many grasses defect the drainage system. 

               The data are photographs that show the current drainage system 

conditions, site visit, field survey and questionnaires that are gathered 
from the engineer, residences and road users about the presentation of 

the drainage systems during the rainy season. The important data for this 

research are land cover map, topographical map, geological map, and 
published and unpublished material. 

           The design peak discharge calculated and the review peak 

discharge calculated of the return period is not equal. From this the road 
around this is damaged by over flooding of the water on the road because 

the calculated peak discharge for the design was less than the calculated 

peak discharge. Therefore before the culverts are constructing the design 
and the review data must be checked always when its design the road it 

must be the design peak discharge is greater than the review peak 

discharge to control the floods that over follow on the road. 
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 مـلخص

 

من هذا البحث التحقق من تقييم أثار مياه الأمطار والسيول في نظام تصريف مياه الطرق  الهدف

 .أعالي عطبرة وستيت يالداخلية للمدينة السكنية لسد
 

 نظرام التصرريف لَ يعمرل بشركل مناسرا لَنهرا منطقة  مشررو  سردي أعرالي عطبرره وسرتيت في

 منطقة غنية وخصبة لذلك توجد حشائش كثيره تعيق نظام التصريف.
 

تتكون البيانرا  مرن ررور فوتفرافيرة توارة حالرة نظرام التصرريف الحاليرة والليرارا  والبحرث 

التي جمعت ما برين المهندسرين والسركان ومسرت دمي الطريرق التري تعكر   الميداني والإستعانا 
في هرذا البحرث عبراره عرن خرر   اخرى نظام التصريف خلال موسم ال ريف ،كما توجد بيانا 

 .للأرض وخر   بوغرافية وخر  للجيولوجيا 

 
ر المراجرع فري نظراً لعدم تكافؤ معدل التصميم في حالة اللروة المقدره حسابياً مع التصميم الَخ

فترة سابقه لَن الطريرق الواقرع فري محريم المدينرة سريدمر بواسرطة ال يضرانا  الذائردة الموجرودة 

علي جانبي الطرق،علية وقبل أن يتم الإنشاء فانة يجا مراجعة التصاميم والبيانا  بإستمرار ما 
ضرررورة لأداء الأخررذ فرري الإعتبررار حررالَ  الررلروة المعررد حسررابياً.فإن الحلررول تقتررر  أن مررن ال

الأعمال أعلاة يجا أن تتبع الكتيا لتصاميم المجاري الملكورة أعلاه أي عند القيام بعمل نظرام 

التصررريف للطرق،كررذلك يجررا إجررراء ررريانة ونظافررة روتينيررة لنظررام التصررريف بشرركل دوري 
وإزالة الحشائش والن ايا  لتجنا المشراكل ويجرا أن يراعري المصرمم والمقراول المتطلبرا  فري 

 دليل التصاميم. 

 
 


