
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
EFFICIENCY OF VARIOUS PERFORATED PIPE CONFIGURATION 

IN SLOPE DRAINAGE SYSTEM 

 

 

 

 

 

 

 

VONG PIK QUAN 
 

 

 

 

 

 

 

 

 

Bachelor of Engineering with Honors  

(Civil Engineering) 

2018 

 



UNIVF.RSITI MALAYSM SARAWAK 

Please tick (~) 


Finnl l P.fl l' I'mi"'" H('I)(}l'l [ZJ 

~rn~r(lrs D 
Ph]) C.] 

DECLARATION or ORIGINAL WORK 

Student's Declaration. 

I Vong Pik Quan, 4938-1, Faculty of Engineering hQmhy lI ..riare Ihol Ih<' work I'tlll1leu 

Erocien~y of Variolls Perlbrated Pipe Configuration in Slope Drainage System ;. my 
()ri~inal work. 1 hTtvQ nol eopl.ed rl"Onl ::my Of her .:"iludpnt:-:l" wOI'k or from any ol h(q' ~1l1'('C ,~ eX('.f'pt 

\\ hOl~ duo t't'fcn~nr.e or at,kno\\ If'd[Zpmenl i~ ntatit'" cxplif'i1 b 10 1he lex!. nllr h<l ~ any pn rl h<,."Cn 
written for me by anntlwr IW 1:-:.on 

Supervis oy\s Det·la.·ation: 

1 Dr. Onni SuhaizA. binti Se1eman hpreur ('<'rrif1(;s !hut Ih(: work f'nli ii 0ci Efficiency of Various 
Perforated Pipe Configuration iu Slope DrainQge System was pl'fll'la'·f,:-d h~· Ihe ah,)\."e IHlm.... d 
oluncnl . and "'ns "lIDl\uttetilu the "F.\CULT'''' n" " * 1""1iollfull fultillnwnr Ii" I )'" conlrr",,,," of 
Bachelo r o f Engineering with Honour.o (Civil Engineer ing) , and 1h~ "foremen (jo"",1 \\'Qrk. 1.0 

Iho he" ofm)' kno\\'lr.dgn . is Ih" .aid ,llIdon l'o "urk 

Ibrp /3/6/ )<;/1H(:(~'iVt:!d If)!"c'Xaminal ~un by: 
(11r. Onn; Suhal.a bio(; SoIum"n) 

~________
J 

http:IW1:-:.on


1

• 
J 

, 

• 

o CONFIDENTIAL (( on I a ins mn lid" n', nl mlorm" t ion o"der ' he omrial SPIT'" ~ ,\ et 1972)* 
D RESTRICTED (l'nn tJ in s l'f"1~r ri ('ted informfl ti on a s ~peci nc(1 hy the orgnn i,saLio n whon :: 

research wa~ d OIlO)* 

eJOPEN ACCESS 

Validation o f P I'ojectlThesis 

J lhe mfo re dul~- a fflrmc-d \\ li lt fl'(.: f~ conseni aud willingnc !:;;:, decla re th at rh l::; ...a id Projccl /Th r~ls s hall 

be placod nf'rklally m I. h0 C('nfm fo r ;\ c-....'1demic [nformn lio n Sm"vices wit h tho a biding ill r,OlY>~t .lfHl 

righ' s as fo llows : 

• 	 T hIs I' roject(j'hcsis IS tho sole lega l propcny ofUniver s;(i II la hysw Sa ra \\ ak (UN I ~L\S) . 

• 	 T he Ccm lrc f<lr .\ cac1omic In formal j n Services ha!!' the lawful right to ma ke copies for rh o 

pUl'p OSP or .1.C'1I1e m lc 11 DO rn~f'a l'Ch only and nol far othe r p Ul'p osr 

.. 	 The C'm'lll'~ fin ' :l..cad(mnc TnftnHll1 t io n Se rvices hus lhe la w ful right to dj!I ilal i ~c' Ihf" 

con lpnt ror ' he L, wal C,,"I(>nC Ila'a~n",·. 

• 	 The Cen tre fOt" _\ ea demlc In fh rma lln n ~flr'\'i f'c~ hH~ (h e law ful ri~ht \" 0 m:l ke cop ip-~ of t h e 

ProJ€CLfI'h (' si~ fo r nc.n df" mi(' e x('" h(l n~r: bN W0. (' J'l I lJgllt'l' I ,f 'l\ rn ing I n s l i I ulo 

• 	 No d ispUlf' or a ny clai m sha ll arise from the sl udf~ nl ils(' lf neithe r t hird part:-. o n I li b; 

Pro.W('I}The~is o n('e I t b" OOltH) .:'!' [ h t~ ~h' pnlpf! rlY ofU I1L\S. 
• 	 Thi s Pl'Oj~c l rl'hns is or any I1H1I f·nal. rl ata Hl''Hl infhn nM io l) n::· L11pd to it s ha ll n o l be 

dist r ibuted IH,bh,l",d or d L.d osc(] 10 any party by , I", st udenl ",cep t \I illl UNI/ll., \S 
pe rm i s~ion . 

~ 
S t ud e nl signat ure ----;c--:------	 SupN-visot' signature : ~ 

(/6/6/2z;r3 ) (J ~/1t1 txt1. ) 

C urrent . \ (ld },{~5s: 

No. 11 Jaw a Stree" ~):100 () . J,: t",hing , Sara w" k 

No'o,; * If ' h~ I'm]('e lf rlw s is "CONFlDENTV\L 0 1' RESTRICTED p h- a ;" Alt." ,h loge ' hor as 
annexu re a ler«-w from I h(, orga nis:1 lio n WIf h 'hI" p t' ri oll a ncl r(o ~.,;;ollS of ('on fid c: ntia hl Y <l ud 
re~l rWll,'H1 

Ffh (" in:-if "U n1C'nl I ~ duly p rt'p ~u·ccl ur The C~nt re fu r .\ (."4l.tlcmic Tnfill'mal ion Se ~'YiccsJ 



v 

 

TABLE OF CONTENT 

 

ACKNOWLEDGEMENT ................................................................................................ ii 

ABSTRACT .................................................................................................................... iii 

ABSTRAK ........................................................................................................................ iv 

TABLE OF CONTENT ................................................................................................... v 

LIST OF TABLES .......................................................................................................... ix 

LIST OF FIGURES .......................................................................................................... x  

LIST OF SYMBOLS ..................................................................................................... xiii 

LIST OF ABBREVIATIONS ....................................................................................... xiv 

 

CHAPTER 1      INTRODUCTION ............................................................................... 1 

1.1 Background of Study ......................................................................... 1 

1.2 Problem Statement ............................................................................ 3 

1.3 Project Objectives ............................................................................. 4 

1.4 Scope of Study .................................................................................. 5 

1.5 Significance of Study ........................................................................ 5 

1.6 Organization of Study ....................................................................... 5 

 

CHAPTER 2      LITERATURE REVIEW .................................................................. 7 

2.1 Introduction ....................................................................................... 7 

2.2 Background of Horizontal Drain ....................................................... 7 

2.3 Case Studies of Effectiveness of Horizontal Slope Drain ................. 8 

2.3.1 Case 1 – Flow Behaviour around Perforated Tile Drainage     

 Pipes....................................................................................... 8 

2.3.2 Case 2 – Effectiveness of Horizontal Drain in Stabilising                           

 the Residual Soil Slopes Under the Tropical Climate ......... 11 

2.3.3 Case 3 – Effect of Drain Length, Spacing and Elevation on 

 the Effectiveness of Horizontal Drain by using MODFLOW . 

  ............................................................................................. 13 



vi 

 

2.4 Criteria in Designing Horizontal Drain ........................................... 15 

2.4.1 Length .................................................................................. 15 

2.4.2 Angle ................................................................................... 16 

2.4.3 Spacing between Drains ...................................................... 17 

2.4.3.1 Ernst Equation – Flow of Water into and inside Drain 18 

2.4.3.2 Ernst Drain Spacing Equation ...................................... 19 

2.4.3.3 Hooghoudt Drain Spacing Equation ............................ 20 

2.4.4 Size and Arrangment of Pipe ............................................... 22 

2.4.5 Drain Envelope .................................................................... 22 

2.4.5.1 Envelope Material – Granular Mineral ........................ 23 

2.4.5.2 Envelope Material – Organic Envelope ....................... 25 

2.4.5.3 Envelope Material – Synthetic Envelope ..................... 26 

 2.4.5.3.1    Pre-wrapped Loose Material (PLM) .......... 27 

       2.4.5.3.2    Geotextile Envelopes……………………..29 

2.5 Pipe Perforation ............................................................................... 31 

2.5.1 Shape of Perforation .................................................... 31 

2.5.2 Size and Location of Perforations ................................ 32 

2.5.3 Fully and Partially Perforated Pipe .............................. 33 

2.5.4 Perforation Ratio .......................................................... 34 

2.5.5 Arrangement on Perforation ........................................ 34 

2.5.6 Summary on Pipe Perforation ...................................... 35 

2.6 Rainfall Simulator Test ................................................................... 35 

2.7 Chapter Summary ............................................................................ 36 

 

CHAPTER 3      METHODOLOGY............................................................................ 37 

3.1 Procedure of the Study .................................................................... 37 

3.2 Soil Sample ..................................................................................... 40 

 



vii 

 

3.3 Tests on Materials Properties .......................................................... 40 

3.4.1 Moisture Content Test ......................................................... 40 

3.4.2 Sieve Analysis ..................................................................... 41 

3.4.3 Standard Proctor Test .......................................................... 42 

3.4.4 Permeability Test (Constant Head Test) .............................. 43 

3.4.5 Specific Gravity ................................................................... 44 

3.4.6 Infiltrometer Test ................................................................. 45 

3.4 Filter Material .................................................................................. 46 

3.5 Pipe Configurations ......................................................................... 46 

3.6 Drain Envelope ................................................................................ 50 

3.7 Model Box Configuration ............................................................... 51 

3.8 Location for the Installation of Pipe in the Model Box ................... 53 

3.9 Caging ............................................................................................. 54 

3.10 Inclinable Board .............................................................................. 55 

3.11 Rainfall Simulator ........................................................................... 56 

3.12 Results Analysation Flow ................................................................ 59 

 

CHAPTER 4      RESULT, ANALYSIS AND DISCUSSIONS ................................. 61 

4.1 Introduction ..................................................................................... 61 

4.2 Experiments Conducted .................................................................. 61 

4.3 Properties of Soil Sample ................................................................ 62 

4.3.1 Moisture Content Test ......................................................... 62 

4.3.2 Sieve Analysis ..................................................................... 64 

4.3.3 Compaction Test (Standard Proctor Test)  .......................... 67 

4.3.4 Permeability Test ................................................................. 68 

4.3.5 Specific Gravity ................................................................... 68 

4.4 Rainfall Simulator ........................................................................... 68 

4.5 Infiltration Rate Test ....................................................................... 71 

 

 



viii 

 

4.6 Pipe Configuration Analysis ........................................................... 73 

4.6.1 Comparison between Straight and Staggered Perforation Pipe 

  ............................................................................................. 73 

4.6.2 Comparison between Partially and Fully Perforated Pipe  .. 78 

4.6.3 Time Taken for Water to Discharge Before Rainfall Simulator     

 is Closed .............................................................................. 82 

4.6.4 Summarisation on the Result ............................................... 84 

 

CHAPTER 5      CONCLUSION AND RECOMMENDATIONS ............................ 85 

5.1 Conclusion ....................................................................................... 85 

5.2 Achievement of Objectives ............................................................. 86 

5.3 Recommendations ........................................................................... 87 

 

REFERENCES ............................................................................................................. 90 

APPENDIX A: MOISTURE CONTENT OF SAND ................................................ 96 

APPENDIX B: STANDARD PROCTOR TEST ..................................................... 109 

APPENDIX C: PERMEABILITY TEST ................................................................. 111 

APPENDIX D: SPECIFIC GRAVITY ..................................................................... 114 

APPENDIX E: RAINFALL SIMULATOR DATA ................................................. 115 

APPENDIX F: INFILTROMETER TEST .............................................................. 131 

APPENDIX G: INFILTRATION RATE TEST-CUMULATIVE INFILTRATION       

                           CURVE ............................................................................................. 136 

APPENDIX H: EXPERIMENT DATA .................................................................... 142 

APPENDIX I: GEOTEXTILE CATALOGUE ....................................................... 150 

APPENDIX J: GRANULAR FILTER MATERIAL .............................................. 151 

APPENDIX K: FULL CONE SPRINKLER SPECIFICATION ........................... 154 

APPENDIX L: PIPE DIAMETER ........................................................................... 155 

APPENDIX M: PIPE PERFORATION ................................................................... 158 



ix 

 

LIST OF TABLES 

 

Table 2.1.   Properties of Soils. ........................................................................................ 9 

Table 2.2.   Pipe Drain Gradients. .................................................................................. 22 

Table 2.3.   Permeability and Capacity based on Different Stone Size. ........................ 24 

Table 2.4.   Number of Perforations, P for Control of Perforations. ............................. 35 

Table 3.1.   Detail Dimensions of Partially Perforated Pipe. ......................................... 49 

Table 3.2.   Detail Dimensions of the Fully Perforated Pipe. ........................................ 49 

Table 3.3.   European Standard on Corrugated Polyvinyl Chloride Drainpipes. ........... 50 

Table 3.4.   Drain Filter and Envelope Recommendation for Different Soil     

                    Characteristics. ........................................................................................... 51 

Table 3.5.   Model Box Design. ..................................................................................... 53 

Table 4.1.   Detail of Experiment. .................................................................................. 61 

Table 4.2.   Contasnt Variables throughout All the Experiments. ................................. 62 

Table 4.3.   Natural Water Content of Sand ................................................................... 63 

Table 4.4.   Summar of the Moisture Content Obtained in Each Experiment. .............. 63 

Table 4.5.   Sieve Analysis of Sand ............................................................................... 66 

Table 4.6.   Depth of Water Infiltrated into the Sand Before and After Experiment ..... 72 

Table 4.7.   Summary of Sand Hydraulic Conductivity After and Before Experiment . 72 

Table 4.8.   Discharge and Sediments Collected from Partially Perforated Pipe .......... 74 

Table 4.9.   Discharge and Sediments Collected from Fully Perforated Pipe ............... 76 

Table 4.10. Discharge and Sediments Collected in Partially and Fully Perforated Pipe                     

                    with Straight Perforation Pattern ................................................................ 78 

Table 4.11. Discharge and Sediments Collected in Partially and Fully Perforated Pipe                     

                    with Staggered Perforation Pattern ............................................................. 80 

Table 4.12. Time Taken for Water to Start Discharge ................................................... 83 

Table 4.13. Summary of the Experiment’s Result ......................................................... 84 

 

 

 

 



x 

 

LIST OF FIGURES 

 

Figure 1.1.   Contributing factors to Malaysia landslide. ................................................. 1 

Figure 1.2.   Slope model with and without horizontal drain. .......................................... 3 

Figure 2.1.   Earliest drain type in Hong Kong. ............................................................... 8 

Figure 2.2.   Gradation curves for different soils used in experiments. ........................... 9 

Figure 2.3.   Values of entrance resistance against perforation ratio. ............................ 10 

Figure 2.4.   Drainage pipe discharge against perforation ratio of different type of                                    

                       soils .......................................................................................................... 11 

Figure 2.5.   Cross section with soil profile of NTU-CSE slopec. ................................. 12 

Figure 2.6.   Cross section with soil profile of Nanyang Height slopec. ....................... 12 

Figure 2.7.   Drain locations in slope. ............................................................................ 13 

Figure 2.8.   Water table elevation against the different length of drain ....................... 14 

Figure 2.9.   Water table elevation against the different drain spacing .......................... 14 

Figure 2.10. Water table elevation against the different elevation of drain ................... 15 

Figure 2.11. Flow resistance towards the drain. ............................................................ 19 

Figure 2.12. Hooghoudt parameters to estimate the drain spacing in steady state,                    

                     parallel drain network in equal depth and in flat surfaced system. ............ 21 

Figure 2.13. Examples of organic and synthetic pre-wrapped loose materials.............. 25 

Figure 2.14. Coconut fibre PLM Envelope. ................................................................... 26 

Figure 2.15. PLM envelope made of the waste fibres (PP-300). ................................... 28 

Figure 2.16. PLM envelope made of bulk continuous filaments (PP-450). ................... 28 

Figure 2.17. PP-700 envelope. ....................................................................................... 28 

Figure 2.18. PS-1000 envelope. ..................................................................................... 29 

Figure 2.19. Typar envelope .......................................................................................... 31 

Figure 2.20. Fully perforated pipe design ...................................................................... 33 

Figure 2.21. Partially perforated pipe design ................................................................. 34 

Figure 3.1.   Flow of tests and experiments. .................................................................. 39 

Figure 3.2.   Sieve Analysis of both sand and quarry gravel. ........................................ 42 

Figure 3.3.   Standard proctor test apparatus.................................................................. 43 

Figure 3.4.   Coefficient of permeability (m/s). ............................................................. 43 



xi 

 

Figure 3.5.   Constant head test of sand. ........................................................................ 44 

Figure 3.6.   Constant head test of quarry gravel . ......................................................... 44 

Figure 3.7.   Pyknometer used to determine the specific gravity of sand. ..................... 45 

Figure 3.8.   Mini disk infiltrometer............................................................................... 45 

Figure 3.9.   Design of partial perforation pipe .............................................................. 47 

Figure 3.10. Experiment 1 – Partial perforated pipe (Straight Rows). .......................... 48 

Figure 3.11. Experiment 2 – Partial perforated pipe (Staggered Rows). ....................... 48 

Figure 3.12. Experiment 3 – Fully perforated pipe (Straight Rows). ............................ 48 

Figure 3.13. Experiment 4 – Partial perforated pipe (Staggered Rows). ....................... 48 

Figure 3.14. Hypothetical field study............................................................................. 52 

Figure 3.15. Part of the section from hypothetical field study. ...................................... 52 

Figure 3.16. Front view of model box. .......................................................................... 53 

Figure 3.17. Side view of model box. ............................................................................ 53 

Figure 3.18. Placement of perforated pipe in the caging that placed inside the                               

                      model box…………………………………………………………….…. 54         

Figure 3.19. Setup of caging with the inner part ............................................................ 55 

Figure 3.20. Inclinable board ......................................................................................... 55 

Figure 3.21. Inclinable board placement ........................................................................ 55 

Figure 3.22. Rainfall Simulator...................................................................................... 57 

Figure 3.23. Small square containers with area of 6.2cm x 6.2cm ................................ 57 

Figure 3.24. Full cone sprinkler. .................................................................................... 57 

Figure 3.25. Metal tubing plate (a) front view (b) back view  ....................................... 58 

Figure 3.26. Rubber tube install on metal tubing plate  ................................................. 58 

Figure 4.1.   Graph of particle size distribution for sand  .............................................. 65 

Figure 4.2.   Compaction curve of sand  ........................................................................ 67 

Figure 4.3.   Distribution of rainfall simulator test (metal tubing plate – 10LPM) ....... 69 

Figure 4.4.   Distribution of rainfall simulator test (full cone sprinkler)  ...................... 70 

Figure 4.5.   Comparison of discharge between Experiment 1 and 2  ........................... 74 

Figure 4.6.   Comparison of sediments between Experiment 1 and 2 ........................... 75 

Figure 4.7.   Comparison of discharge between Experiment 3 and 4  ........................... 76 

Figure 4.8.   Comparison of sediments between Experiment 3 and 4 ........................... 77 

file:///C:/Users/UserPC/Desktop/FYP%20Degree%20Thesis%20-%20copy.docx%23_Toc487038494
file:///C:/Users/UserPC/Desktop/FYP%20Degree%20Thesis%20-%20copy.docx%23_Toc487038494


xii 

 

Figure 4.9.   Comparison of water discharge between Experiment 1 and 3  ................. 79 

Figure 4.10. Comparison of sediments collected between Experiment 1 and 3  ........... 80 

Figure 4.11. Comparison of water discharge between Experiment 2 and 4  ................. 81 

Figure 4.12. Comparison of sediments collected between Experiment 2 and 4  ........... 82 

Figure 4.13. Water flow pattern in different perforation pattern   ................................. 83 

Figure 5.1.   Random pattern   ........................................................................................ 88 

Figure 5.2.   Herringbone pattern   ................................................................................. 88 

Figure 5.3.   Parallel pattern   ......................................................................................... 88 

Figure 5.4.   Double main pattern   ................................................................................ 88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 

 

 

LIST OF SYMBOLS 

 

 α  - Geometrical factor 

 A - Clean water inlet area inside the pipe per slotted pipe meter  

 d - Outside diameter 

 di - Pipe inside diameter 

 de - Equivalent depth that accounts for convergent flow toward the drain 

 DN - Nominal diameter 

 h  - Difference in head  

 he - Entry head loss 

 hh - Horizontal head los 

 hv - Vertical head loss 

 hr - Radial head loss 

 ht - Total head loss 

 Hm  - Height of the water table mid-way between drains  

 Ha  - Average height of the water table above drain level. 

 K  - Hydraulic conductivity 

 K1 - Soil hydraulic conductivity above drain level  

 K2 - Soil hydraulic conductivity below drain level  

 L  - Drain spacing  

 Ld - Parallel drain spacing 

 Li - Diameter of holes 

 n - Number of holes per row 

 Q - Steady recharge of water percolating to the water table equal to the  

        drain discharge  

 q - Specific discharge 

 R - Recharge rate per unit area 

 W  - Resistance 

 

 



xiv 

 

 

LIST OF ABBREVIATIONS 

 

  PLM   – Pre-wrapped Loose Materials 

  PA   – Polyamide 

  PP   – Polypropylene 

  PE   – Polyethylene 

  PETP   – Polyester (Polyethylene Terephtalate) 

  PS  – Polystyrene 

  AOS  – Apparent Opening Size 

  ASTM  – American Society for Testing and Materials 

  BS   – British Standard 

  CDOH  – Colorado Division of Highways 

  RRL  – Road Research Laboratory 

  USBR  – US Bureau of Reclamation 

  HDPE   – High Density Polyethylene Pipe 

  HDB   – Horizontal Drainage Borehole 

  PVC   – Polyvinyl Chloride Pipe 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my beloved family and friends. 

 

 

 

 

 

 

 

 

  

 



ii 
 

 

ACKNOWLEDGEMENT 

 

 

 First of all, I would like to express my greatest gratitude to my main and co-

supervisors, Dr. Onni Suhaiza binti Selaman and AP Ir Dr. Siti Noor Linda Taib for 

their unwavering support, collegiality, time and guidance throughout this project.  

 

 Aside from that, I would also like to extend my thanks to Mr. Haji Affandi 

bin Othman for his time, support and guidance throughout my experimental works 

for this project.  

 

 I would also like to take this opportunity to thank all my family members 

for their continuous support and interest in whatever I pursued. Their never ending 

love and prayers always gave me the strength to face challenges with confident. 

Special thanks to Mr. Law Hui Soon, Mr. Liow Ching Vern and also Mr. Chia 

Chuong Yan, undergraduate students of Universiti Malaysia Sarawak (UNIMAS) 

for assisting me with my experiments and research.  

  

 Besides that, my appreciation goes to Civil Engineering Department at 

Faculty of Engineering Universiti Malaysia Sarawak for their support in my study 

and laboratory works. Lastly, I would like to express my gratitude to UNIMAS for 

providing all the facilities and equipment for the completion of my study.  

 
 
 

 

 
 

 

 

  



iii 
 

 

ABSTRACT 

 

 

Horizontal drains are defined as the holes that drilled into a cut slope or 

embankment and cased with a perforated metal or slotted plastic liner (Royster, 

1980). The effectiveness of the horizontal drain is affected by several factors, such 

as the length of the pipe, location, spacing, perforation and others. However, there 

is not much research on the effect of different combinations between perforation 

pattern and types. Hence, the purpose of this study is to determine and study the 

effect of perforation patterns and perforation types on slope drainage system on the 

performance of the horizontal pipe. Several soil tests are conducted before the 

experiments as to determine the characteristics of the soil sample. There are four 

experiments conducted with different pipe perforation patterns and types, 

Experiment 1 (Pattern: Straight, Type: Partial); Experiment 2 (Pattern: Staggered, 

Type: Partial); Experiment 3 (Pattern: Straight, Type: Full); Experiment 4 (Pattern: 

Staggered, Type: Full). 25mm diameter with length 60cm HDPE pipes are used 

throughout all the experiments. The pipes are enveloped with a layer of non-woven 

geotextile and with quarry gravel acts as the filter material. Pipes are installed with 

a slope of 5o from horizontal in the model box with dimensions of 0.25m (w) x 

0.56m (l) x 0.25m (h). Rainfall simulator with full cone sprinkler is used to 

introduce the rainfall event. From the experiment conducted, it can be concluded 

that partially perforated pipe with straight perforation pattern has the highest 

discharge, which is 1.017 x 10-5 m3/s. However, in term of the amount of sediments 

collected, the partially perforated pipe with staggered perforation pattern in 

Experiment 2 has the lowest amount of sediments collected, which is 0.049g. 

Throughout this study, in term of perforation pattern, straight perforation pattern 

and staggered perforation pattern prove to have their own pros and cons. Meanwhile, 

in term of perforation type, partially perforated pipe is more effective than fully 

perforated pipe in term of the discharge and the amount of sediments collected.  
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ABSTRAK 

 

 
Parit mendatar biasanya ditakrifkan sebagai lubang-lubang yang ditebuk ke 

dalam lereng potong atau tambak dan diikat dengan pelapik logam atau plastik 

berlubang (Royster, 1980). Keberkesanan saliran mendatar dipengaruhi oleh 

beberapa faktor, seperti kepanjangan paip, lokasi, jarak, perforasi dan lain-lain. 

Walau bagaimanapun, tidak banyak penyelidikan yang dibuat mengenai kesan 

kombinasi yang berlainan antara corak dan jenis lubang. Oleh itu, tujuan kajian ini 

adalah untuk menentukan dan mengkaji kesan corak dan jenis lubang pada sistem 

perparitan cerun pada prestasi paip mendatar. Beberapa ujian tanah dilakukan 

sebelum percubaan untuk menentukan ciri-ciri sampel tanah.  

Terdapat empat eksperimen yang dijalankan dengan corak dan jenis perforasi paip 

yang berbeza - Eksperimen 1 (Corak: Lurus, Jenis: Separa); Eksperimen 2 (Corak: 

Staggered, Jenis: Separa); Eksperimen 3 (Corak: Lurus, Jenis: Penuh); Eksperimen 

4 (Corak: Staggered, Jenis: Penuh). Paip HDPE dengan diameter 25mm dan 

panjang 60cm digunakan dalam semua eksperimen. Paip diliputi dengan lapisan 

geotekstil bukan tenunan dan dengan batu kerikil bertindak sebagai bahan 

penyaring. Paip dipasang dengan cerun 5° dalam kotak model dengan dimensi 

0.25m (w) x 0.56m (l) x 0.25m (h). Simulator hujan dengan penyembur kon penuh 

digunakan untuk memperkenalkan peristiwa hujan. Daripada eksperimen yang 

dijalankan, dapat disimpulkan bahawa paip berliang dengan corak perforasi lurus 

mempunyai pelepasan tertinggi iaitu 1.017 x 10-5 m3 /s. Walau bagaimanapun, dari 

segi jumlah sedimen yang dikumpulkan, paip separuh berliang dengan corak 

penebalan berperingkat dalam Eksperimen 2 mempunyai jumlah sedimen terendah 

yang dikumpul, iaitu 0.049g. Sepanjang kajian ini, dari segi corak perforasi, corak 

penebalan lurus dan pola perforasi yang dibuktikan membuktikan mempunyai 

kebaikan dan keburukan mereka sendiri. Sementara itu, dari segi jenislubang, paip 

berliang separa lebih berkesan daripada paip berlubang penuh dari segi pelepasan 

dan jumlah sedimen yang dikumpulkan. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 Generally, landslide or slope failure happened due to some factors such as 

the slope steepness, drainage, vegetation, composition of soil and others. Rainfall 

considered as one of the cause which trigger the failure of the slope and this is 

normally happened to the tropical regions such as Malaysia which experiencing 

frequent and prolonged rainfall that mainly due to the monsoon rainfalls. Based on 

the study of Danish Kazmi et al. (2016), it stated that the main contributing factors 

of the landslides in Malaysia are due to the rainfall (Figure 1.1). 

 

Figure 1.1: Contributing factors to Malaysia landslide 

(Danish Kazmi et al, 2016) 
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 There are numerous cases of landslide that happened in Malaysia due to the 

improper design or insufficient drainage slope system. The examples are the 

landslide at Precicnt 9 Putrajaya on March 22, 2007 and Puncak Setiawangsa on 

December 28, 2012. Landslide at Precicnt 9 Putrajaya causes twenty three vehicles 

buried and it was proved that the main causes of the landslide was due to the rise of 

the groundwater level and subsequently causes the rise in pressure in water level 

(Bernama newspaper, 2007 based on Muhamad Mukhlisin & Nurul Aini Abd Aziz, 

2016). Meanwhile, for landslide at Puncak Setiawangsa, it was mainly caused by 

the application of unsuitable slope protection method, shotcrete wall with the 

purpose of preventing the water from seeping into the soil. However the water still 

able to seep into the uncovered area without flowing out from the slope and this 

causes the built up of groundwater pressure. Thus, this trigger the landslide at 

Puncak Setiawangsa (Danish Kazmi et. al, 2016). Hence, it is important to design a 

proper drainage system to minimise the possibility of the rise of groundwater level 

and pore water pressure. 

 During the intense rainfall periods, the infiltration of the rainwater will 

contribute to the rise of groundwater level and yet this will then resulted in the 

increment of the pore water pressure. With the pore water pressure increase, the 

shear strength of the soil will be reduced and subsequently causing the reduction of 

the slope stability (Ng & Shi, 1998). No doubt that, few remedial measures or 

actions have been taken to design, improve and maintain the slope stability and 

drainage will be one of the best method in improving the slope stability when the 

slope is subjected to the infiltration causes by the rainfall. Horizontal drain has been 

recognised as the more economical remedial method to lower the groundwater level 

by conveyed or transfer the groundwater away to keep to the soil dry (Mohd Ashraf 

Mohamad Ismail, Ng, and Ismail Abustan, 2017). According to Royster (1980), 

horizontal drain is able to reduce the excess pore water pressure and lowering the 

normal water table. Study of Rahardjo, Leong, Hritzuk and Rezaur (2003) has also 

proved that the water table after installation of horizontal drain are lower compared 

to the water table without any installation of horizontal drain (Refer to Figure 1.2).  
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Figure 1.2: Slope model with and without horizontal drain  

(Rahardjo, Leong, Hritzuk & Rezaur, 2003) 

 

1.2 Problem Statement 

 Few studies have been carried out to determine the effectiveness of 

horizontal drain in enhancing the slope stability (Rahardjo et al., 2003; Pohll et al., 

2013; Hassan Mohamed & Gamal Abouzeid 2005) and it is proved that the 

horizontal drain managed to lower the high groundwater level, yet increase the 

shear strength of the soil and improve the slope stability. Effectiveness of the 

horizontal drain is referring to the changes on the factor of safety of the slope in the 

presence or absence of the horizontal drain. Effectiveness of pipe depends on many 

factors including the drain location, spacing, length and also soil geometry 

(Mohamad Ismail et al., 2017). 

  Rahardjo et.al (2003) investigated the effectiveness of horizontal drains on 

residual soil slope stability and with outcome that the horizontal drain that located 

at the base of the slope is more effective in draining out the water and maintain the 

slope stability. Pohll et al (2013) focuses on effectiveness of drainage system design 

by considering the effect of drain elevation, spacing and length on the level of water 

table under steady state recharge using MODFLOW. The result concluded that 

water table level will drop with the increase in drain length, drain that located at the 

lowest elevation and shorter drain spacing. Hassan Mohamed and Gamal Abouzeid 

(2005) investigated the flow behaviour around perforated tile drainage pipes and 



4 
 

the result showed that the increase in perforation ratio of pipe will result in the 

increase in seepage discharge.  

 Nearly similar theories obtained from the results of various studies by 

different researchers on several factors which affect the effectiveness of the pipe, 

such as pipe length (Pohll et al, 2013; Cai, Ugai, Wakai & Li, 1998 and Rahardjo, 

Satyanaga & Leong, 2012), pipe installation angle (Cornfoth, 2005; Cook, Santi & 

Higgins, 2012 and Rahardjo et al, 2012), pipe spacing (Cai et al, 1993 and Pohll et 

al, 2013), location of pipe (Rahardjo et.al, 2003 and Pohll et al, 2013) and 

perforation of the pipe (Jay, 1999; U.S. Corps of Engineers, 1941; Schwab, 1951; 

Hassan Mohamed & Gamal Abouzeid, 2005 and Stuyt, Dierickx & Martinez, 2005). 

Several studies have proved that the perforation of the pipe can affect the 

effectiveness of the horizontal drain either in size, ratio, shape and location. Based 

on Lane HDPE PERFORATION GUIDE (n.d.), partially perforated pipe is 

commonly been used for subsurface drainage. Generally, pipe with the combination 

of straight perforation pattern with partially perforation are used. However, the 

effectiveness and performance of the pipe with the combination of different 

perforation pattern such as staggered perforation pattern with different type of 

perforation such as partial perforation or fully perforation are still not been deeply 

investigated. The arrangement of perforation in staggered pattern might has the 

higher capability in capturing the water. Therefore, it is important to understand the 

effect of different combination of perforation pattern and perforation type on the 

effect of inflow and outflow of the drain.  

 

1.3 Project Objectives 

 This study is focused on the effect of different perforation patterns and 

perforation types on pipe on the effectiveness of the slope drainage system. In this 

study, the effect on the inflow rate of water entering the perforated pipe and outflow 

rate of the water exit from perforated pipe and also the mass of sediments collected 

from the water discharged due to i) different perforation type (Partially and Fully) 

and ii) different perforation pattern on pipe (Straight and Staggered) will be 

investigate. 
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1.4 Scope of Study 

 This study is aimed to determine the effect of different perforations pattern 

on horizontal pipe on the effectiveness of the drainage system in the slope in term 

of the inflow and outflow rate. The results and the data are obtained based on the 

experiments which is conducted in Geotechnical Engineering Laboratory, 

UNIMAS. In this study, the focus on perforation pattern for both partially 

perforated and fully perforated pipe are made, however, the clear water inlet area 

inside the pipe (open area) is set to be constant for each partially and fully perforated 

pipe. This study is the continuous study of Yong, Taib and Selaman (2017) and 

Edwin (2016). 

 

1.5 Significance of Study 

 This study provides the understanding on the relationships between the 

slope drainage system and the stability of the slope. As Malaysia is a tropical 

country with seasonal rainfall that prone for the occurrence of the landslide which 

subsequently resulted in the rise of groundwater level and water pore pressure, 

hence some slope stabilisation method like the installation of horizontal drain need 

to be taken into consideration. Cases such as the landslide at Precicnt 9 Putrajaya 

and also Puncak Setiawangsa are mainly occurred due to the insufficient or 

improper slope drainage system which resulted in the loss of life and property. Thus, 

it is important to design a drainage system which can lower the groundwater level 

and pore water pressure efficiently through the efficient in discharging the 

infiltrated water. 

 

1.6 Organization of Study 

 This study consists of five chapters. Chapter 1 will be related to the 

background of the study, problem statement, project’s aim and objectives, scope of 

study and also significance of study. 

 Second chapter is reviewing the previous studies on the horizontal drains. 

Besides that, it also review the subsurface drainage design formulas applied in 

designing the drainage. It also reviews the parameters that affect the efficiency of 

the drainage in slope such as length, angle, spacing and also drain envelope. 

 Aside from that, Chapter 3 discusses the methodology, materials and data 

collection of the experiment for this study. All the parameters such as the location, 
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length and angle of the drain are stated in this chapter. Furthermore, the flow chart 

of this study is presented in order to show the exact flow or sequence of work in 

conducting the experiment. 

 Chapter 4 discusses all the collected data and results based on the 

experiments carried out for the five different soil tests and also the test of horizontal 

drain in different perforation patterns and perforation types. The different discharge 

rate that cause by different combination between perforation patterns and types are 

discussed in this chapter.  

 Chapter 5 provides the conclusion and suggestions for future works and 

improvement to be made for the horizontal slope drainage system 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Introduction  

 Planning and designing of an effective horizontal drain required the 

consideration of various parameters such as the drain location, size, spacing, depth, 

soil types, slope angle of the drains and others. In this chapter, more focus will be 

placed on the length, angle, size, arrangement of the pipe, pipe perforation, drain 

envelope, filter and spacing between drains in order to design an effective 

horizontal slope drain. 

 

2.2 Background of Horizontal Slope Drain 

 Rainfall is recognised as one of the major contributors to the failure of slope. 

Hence, it is essential to remove the infiltrated rainwater or groundwater from the 

slope to keep the soil in the dry state as well as to improve the slope stability. 

Installation of the horizontal drains are normally been used by most of the engineers 

to perform the task of lowering the water table level and drain out the groundwater 

from slope due to its efficient and more economical dewatering option.   

 Horizontal drains are defined as the holes that been drilled into slope and is 

then cased with the perforated metal or slotted plastic liner (Royster, 1980). In Hong 

Kong, the earliest drain type that been used was the slotted PVC pipe with an 

impermeable invert and wrapped with typically 1mm plastic mesh or nylon ‘fly screen’ 

filter as shown in Figure 2.1. The liner with a diameter of 75mm diameter PVC pipe 

was then installed within the casing and the casing was removed once installation of 

liner was done. For the perforated section, generally the options were either be the 6mm 

wide slots at about 25mm centres, or 20mm holes diameter at about 75mm centres on 

top surface of the PVC pipe.  

 


