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CHAPTER 1 

GENERAL 

 

 
1.1 GENERAL 
 
1.2 STANDARDS AND CODES OF PRACTICE  

1.3 TRADE NAMES  

1.4 SAMPLES OF MATERIALS AND WORKMANSHIP  

1.5 INSPECTION AND TESTING  

1.6 SITE RECORDS 
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CHAPTER 2 

 
DEMOLITION, SITE CLEARANCE 

 AND HOARDING 
 

 
2.1 GENERAL  
 
2.2 SITE HOARDING  
 
2.3 DEMOLITION 
2.3.1 Notice of Demolition 
2.3.2 Method of Demolition 
2.3.3 Protection of Adjacent Structures 
2.3.4 Utilities and Services 
2.3.5 Grubbing of Foundations 
 
2.4 CONFINING OF WORKS WITHIN THE SITE 
 
2.5 TREES, BUSHES, HEDGES, ETC. 
 
2.6 TURF AND TOPSOIL 
 
2.7 DUMPING OF DEBRIS, ETC.  
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CHAPTER 3 

 
SURVEY AND SETTING OUT 

 
 

3.1 GENERAL  
 
3.2 SURVEY CONTROL 
3.2.1 Survey Markers 
3.2.2 Control Observation, Adjustment and Presentation 
 
3.3 GENERAL SETTING OUT  
 

3.4 TUNNEL SHIELD PRE-LAUNCH SURVEY 
 
3.5 TUNNEL SURVEY DURING CONSTRUCTION 
 
3.6 WRIGGLE SURVEY 
 
3.7 MONITORING SURVEYS  
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CHAPTER 4 
 

EARTHWORKS   
 
 

4.1 GENERAL 
 
4.2 CLASSIFICATION OF EARTHWORK MATERIAL 
 
4.3 EARTHWORK GENERAL 
 
4.4 EXCAVATION GENERAL 
 
4.5 CUTTINGS AND CUT SLOPES 
4.5.1 General 
4.5.2 Shotcrete To Exposed Slopes 
 
4.6 REMOVAL OF ROCKS AND OTHER BLASTING 
 
4.7 EXCAVATION OF PITS AND TRENCHES 
 
4.8 BACKFILLING OF PITS AND TRENCHES 
 
4.9 FILLING GENERAL 
 
4.10 FOUNDATION FOR FILLS 
 
4.11 EMBANKMENTS AND FILL SLOPES 
 
4.12 COMPACTION OF FILL 
4.12.1 General 
4.12.2 Compaction by Mechanical Plant 
 
4.13 FILL ADJACENT TO BRIDGE ABUTMENTS, CULVERTS, RETAINING 

WALLS AND UNDERGROUND STRUCTURES 
 
4.14 PREPARATION OF RAIL TRACK FORMATION SURFACE  
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CHAPTER 5 

PILING 

 
5.1 GENERAL REQUIREMENTS FOR PILING WORK 
5.1.1 General 
5.1.2 Tolerances 
5.1.2.1 Setting out 
5.1.2.2 Position 
5.1.2.3 Verticality 
5.1.2.4 Rake 
5.1.3 Forcible Correction 
5.1.4 Replacement of Piles 
5.1.5 Preliminary Pile Testing 
5.1.6 Piling near Recently Cast Piles 
5.1.7 Piling Programme 
5.1.8 Records 
5.1.9 As-Built Details 
 
5.2 REQUIREMENTS FOR REINFORCED CONCRETE IN PILES 
5.2.1 General 
5.2.2 Cast Insitu Concrete Piles 
5.2.2.1 General 
5.2.2.2 Workability of Concrete 
5.2.2.3 Compaction 
5.2.2.4 Placing and Cleaning of Reinforcement 
5.2.2.5 Placing Concrete in Dry Shafts 
5.2.2.6 Placing Concrete Under Water or Under Drilling Fluid 
5.2.2.7 Trimming of Pile Head 
5.2.2.8 Monitoring of Concrete Level during Pile Casting 
5.2.3 Precast Reinforced & Prestressed Concrete Piles 
5.2.3.1 General 
5.2.3.2 Tolerances in Pile Dimensions 
5.2.3.3 Reinforcement in Piles 
5.2.3.4 Formwork for Piles 
5.2.3.5 Casting of Piles 
5.2.3.6 Cutting Off Pile Heads 

 
5.3 BORED CAST IN-SITU PILES 
5.3.1 Boring 
5.3.1.1 Temporary Casings 
5.3.1.2 Stability of Pile Excavation Using Drilling Fluid 
5.3.1.3 Spillage and Disposal 
5.3.1.4 Pumping from Pile Excavation 
5.3.1.5 Continuity of Construction 
5.3.1.6 Cleanliness of Pile Bases 
5.3.1.7 Inspection 
5.3.1.8 Pile Verticality 
5.3.2 Drilling Fluid 
5.3.3 Determination of Bored Pile Length  
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CHAPTER 5 

PILING  (Cont’d) 

 
5.3.4 Concreting and Extraction of Casing 
5.3.4.1 Workability of Concrete 
5.3.4.2 Concrete Level 
5.3.4.3 Water Levels 
5.3.5 Temporary Backfilling  
5.3.6 Debonding of Bored Piles 
  
5.4 DRIVEN PILES 
5.4.1 Marking of Driven Piles 
5.4.2 Handling and Pitching of Driven Piles 
5.4.3 Strength of Piles 
5.4.4 Pile Shoes 
5.4.5 Leaders and Trestles 
5.4.6 Performance of Driving Equipment 
5.4.7 Length of Piles 
5.4.8 Driving Procedure and Redrive Checks 
5.4.9 Final Set 
5.4.10 Driving Sequence and Risen Piles 
5.4.11 Preboring 
5.4.12 Jetting 
       
5.5 STEEL PILES 
5.5.1 Pile Sections and Pile Dimensions 
5.5.2 Straightness of Piles 
5.5.3 Fabrication of Piles 
5.5.4 Matching of Pile Lengths 
5.5.5 Inspection and Test Certificates  
5.5.6 Welding  
5.5.7 Fabrication of Piles on Site  
5.5.8 Strengthening of Piles 
5.5.9 Longitudinal Welded Piles 
5.5.9.1 Welded Tube Piles 
5.5.9.2 Welded Box Piles and Proprietary Sections 
5.5.9.3 Weld Check on Welded Piles 
5.5.10 Spirally Welded Piles 
5.5.11 Pile Coatings 
5.5.12 Handling and Storage of Piles 
5.5.13 Preparation of Pile Heads 
        
5.6   TIMBER PILES 
5.6.1 Pressure Treated Timber Piling 
5.6.1.1 Pile Material 
5.6.1.2 Preservative Treatment 
5.6.1.2.1 Composition 
5.6.1.2.2 Application 
5.6.1.2.3 Penetration 
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CHAPTER 5 

PILING  (Cont’d) 

 
5.6.1.2.4 Retention 
5.6.1.2.5 Plugging Sample Holes 
5.6.1.3 Lifting and Stacking 
5.6.1.4 Equipment and Plant 
5.6.1.5 Tolerance, Straightness and Joints 
5.6.1.6 Pile Position 
5.6.1.7 Driving of Timber Piles 
5.6.1.8 Replacement of Defective Piles 
5.6.1.9 Cut Off Level of Piles 
5.6.1.10 Load Testing of Timber Piles 
5.6.1.11 Interpretation of Test Results 
5.6.1.12 Failure of Pile under Test Loading 
5.6.1.13 Warranty 
5.6.2 Bakau Piling (Indigenous Timber Piles) 
5.6.2.1 Pile Material 
5.6.2.2 Pile Lengths 
5.6.2.3 Pile Diameter 
5.6.2.4 Examination of Piles Delivered 
5.6.2.5 Protection of Pile Heads 
5.6.2.6 Joints 
5.6.2.7 Pile Driving Equipment 
5.6.2.8 Driving 
5.6.2.9 Pile Replacement 
 
5.7  PILE LOAD TESTING 
5.7.1 General 
5.7.2 Definitions 
5.7.3 Safety Precautions 
5.7.3.1 Personnel 
5.7.3.2 Kentledge 
5.7.3.3 Tension Pile and Ground Anchors 
5.7.3.4 Testing Equipment 
5.7.4 Construction of a Preliminary Test Pile 
5.7.4.1 Notice of Construction 
5.7.4.2 Method of Construction 
5.7.4.3 Instrumentation for Preliminary Piles 
5.7.4.4 Boring or Driving Record 
5.7.4.5 Cut-off Level 
5.7.4.6 Pile Head Construction 
5.7.4.6.1 Compression Test 
5.7.4.6.2 Tension Test 
5.7.5 Preparation of a Working Pile to be Tested 
5.7.6 Concrete Test Cubes 
5.7.7 Reaction Systems 
5.7.7.1 Compression Tests 
5.7.7.2 Tension Tests 
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CHAPTER 5 

PILING  (Cont’d) 

 
5.7.7.3 Working Piles 
5.7.7.4 Spacing 
5.7.7.5 Adequate Reaction 
5.7.7.6 Care of Piles 
5.7.7.7 Loading Arrangement 
5.7.8 Equipment for Applying Load 
5.7.9 Measurement of Load 
5.7.10 Adjustability of Loading Equipment 
5.7.11 Measuring Movement of Pile Heads 
5.7.11.1 Levelling Method for Maintained Load Test Only 
5.7.11.2 Independent Reference Frame 
5.7.11.3 Reference Wires 
5.7.11.4 Other Methods 
5.7.11.5 Calibration of Dial Gauges 
5.7.12 Protection of Testing Equipment from Weather 
5.7.13 Supervision 
5.7.13.1 Notice of Test 
5.7.13.2 Records 
5.7.14 Test Procedures 
5.7.14.1 Ultimate Load Test by Maintained Load 
5.7.14.2 Working Load Test by Maintained Load 
5.7.14.3 Requirements for Working Load Test 
5.7.14.4 Continuity Testing 
5.7.15 Testing Criteria 
5.7.15.1 Failure of Piles 
5.7.15.2 Faulty Pile Tests 
5.7.16 Presentation of Results 
5.7.16.1 Results to be Submitted 
5.7.16.2 Schedule of Recorded Data 
5.7.16.3 Presentation of Graphical Results 
5.7.16.4 Submission of Results to Borehole Information System (BIS) 
5.7.17 Removal of Ground Anchors and Cutting-Off of Temporary Piles 
5.7.18 Dynamic Load Testing of Piles Using Stress Wave Measurements 
5.7.18.1 Testing Requirements 
5.7.18.2 Method of Testing  
5.7.18.3 Results of the Test 
5.7.19 Lateral Load Test 
5.7.19.1 Lateral Load Test on Preliminary Piles 
5.7.19.2 Lateral Load Tests on Working Piles 
5.7.19.3 Abandonment of Lateral Load Tests 
5.7.19.4 Failure of Lateral Load Tests on Working Piles 
5.7.19.5 Remedial Works for Excessive Deflections 
 



MW/0/12  

 

May 2008  Materials & Workmanship Specification - Revision A8 

CHAPTER 5 

PILING  (Cont’d) 

     
 
5.8 INTEGRITY TESTS  
5.8.1 General 
5.8.2 Proof Coring 
5.8.3 Non-Destructive Testing 
5.8.3.1 Sonic Logging Tests 
5.8.3.1.1 Sonic Logging Tubes 
5.8.3.1.2 Sonic Coring 
5.8.3.1.3 Sonic Logging Equipment 
5.8.3.1.4 Test Procedure 
5.8.3.1.5      Analysis of Test Results 
5.8.3.1.6 Submission of Results 
5.8.3.1.7 Anomalous Sonic Logging Test Results 
5.8.3.1.8 Grouting of Pile After Testing 
5.8.3.2 Vibration Test 
5.8.3.2.1 Preparation of Pile Heads 
5.8.3.2.2 Testing 
5.8.3.2.3 Analysis of Test Results 
5.8.3.2.4 Anomalous Vibration Test Results 
5.8.3.3 Modified Shock Test 
5.8.3.3.1 Preparation of Pile Heads 
5.8.3.3.2 Testing 
5.8.3.3.3 Analysis of Results 
5.8.3.3.4 Submission of Results 
5.8.3.3.5 Anomalous Modified Shock Test Results 
5.8.3.4 Simple Shock Test 
5.8.3.4.1 Preparation of Pile Heads 
5.8.3.4.2 Testing 
5.8.3.4.3 Analysis of Test Results 
5.8.3.4.4 Submission of Results 
5.8.3.4.5 Anomalous Simple Shock Test Results 
5.8.3.5 Low Strain Impact Test 
 
 
APPENDIX 5.1 
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CHAPTER 6 

 
DIAPHRAGM WALL CONSTRUCTION 

 
 

6.1 GENERAL  

6.2 METHOD STATEMENT   

6.3 TRENCH AND GUIDEWALL STABILITY 

6.4 LEVELS OF WORK      

6.5 TOLERANCES 

6.6 HEADROOM  

6.7 REINFORCEMENT   

6.8 WELDING OF REINFORCEMENT  

6.9 CONCRETE  

6.10 BENTONITE  

6.11 TESTING BENTONITE SLURRY 

6.12 STORAGE OF BENTONITE 

6.13 ALTERNATIVE MATERIALS  

6.14 TREMIE CONCRETE  

6.15 TEST CUBES 

6.16 BACKFILLING 

6.17 STOP ENDS  

6.18 INSERTS  

6.19 MONITORING  

6.20 SAFETY AND EMERGENCY PROCEDURES    

6.21 SITE CLEANLINESS 

6.22 OBSTRUCTIONS  
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CHAPTER 6 

           
DIAPHRAGM WALL CONSTRUCTION (Cont’d) 

  

6.23 DISPOSAL OF SPOIL       

6.24 JOINTS          

6.25 CLEANING  

6.26 RECORDS  

6.27 DISPOSAL OF SLURRY  

6.28 CUTTING DOWN OF DIAPHRAGM WALLS 
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CHAPTER 7 

SOIL IMPROVEMENT WORKS  

 
 
7.1  GENERAL   

7.2  SOIL IMPROVEMENT USING PREFABRICATED DRAINS  
7.2.1 Prefabricated Drains 
7.2.2 Method Statement 
7.2.3 Installation of Drains 
7.2.4 Records of Prefabricated Drain Installation Works 
7.2.5 Sand Blanket 
7.2.6 Surcharge Embankment Build-Up and Removal 
7.2.6.1 Fill for Surcharge Embankment 
7.2.6.2 Surcharge Embankment 
7.2.6.3 Instrumentation and Monitoring 
7.2.6.4 Removal of Surcharge Embankment 
  
7.3  SOIL IMPROVEMENT USING JET GROUTING  
7.3.1 Method Statement for Jet Grouting 
7.3.2 Jet Grouting Trail 
7.3.3 Drilling and Grouting 
7.3.4 Records 
7.3.5 Quality Control 
7.3.6 Control of Ground, Building and Utility Movements 
   
7.4  DEEP SOIL MIXING (DSM) 
7.4.1 Method Statement for DSM 
7.4.2 DSM Trial  
7.4.3 Installation of DSM Columns  
7.4.4 Records  
7.4.5 Quality Control  
7.4.6 Control of Ground,  Building and Utility Movements 
 
7.5 LIME OR CHEMICO-LIME PILES 
7.5.1 Method Statement for Lime Piles  
7.5.2 Lime Pile Trial  
7.5.3 Installation of Lime Piles 
7.5.4 Records  
7.5.5 Quality Control  
7.5.6 Control of Ground, Building and Utility Movements 

 
7.6 DYNAMIC COMPACTION 
7.6.1 Method Statement for Dynamic Compaction 
7.6.2 Dynamic Compaction Trial 
7.6.3 Conducting Dynamic Compaction 
7.6.4 Records 
7.6.5 Quality Control 
7.6.6 Control of Ground, Building and Utility Movements and Vibration 
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CHAPTER 8 
 

TEMPORARY WORKS 
 
 
8.1 GENERAL 
 
8.2 DESIGN AND SUPERVISION OF TEMPORARY WORKS 
 
8.3 FALSEWORK 
 
8.4 SCAFFOLDING AND STAGING 
 
8.5 TEMPORARY DECKING  
 
8.6 GROUND ANCHORS  
 
8.7 SHEET PILING  
 
8.8 STRUTS & WALINGS  
 
8.9 DEWATERING 
 
8.10 REMOVAL OF TEMPORARY WORKS  
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CHAPTER 9 

INSTRUMENTATION AND MONITORING 

 

9.1 OBJECTIVES  
 
9.2 SUBMISSIONS  
 
9.3 INSTRUMENTATION PERSONNEL AND RESOURCES 
 
9.4 INSTRUMENTS AND MONITORING SYSTEMS 
 
9.5 INSTALLATION AND MAINTENANCE OF INSTRUMENTS 
 
9.6 INSTRUMENT READING AND RECORDS 
 
9.7 RECORDING EQUIPMENT AND ANCILLARIES  
9.7.1 Instrumentation Cabling 
9.7.2 Terminal Boxes for Remote Readout 
9.7.3 Remote Readout Facilities 
9.7.4 Data Loggers 
 
9.8 SETTLEMENT POINTS 
 
9.9 DEEP LEVELLING DATUMS 
 
9.10 ELECTROLEVEL BEAMS 
9.10.1 System Requirements 
9.10.2 Installation 
 
9.11 INCLINOMETERS  
9.11.1 General 
9.11.2 Electrolevel Inclinometers (Remotely Read) 
9.11.3 Inclinometers (Manually Read) 
 
9.12 MAGNETIC EXTENSOMETERS  
 
9.13 ROD EXTENSOMETERS  
 
9.14 TAPE EXTENSOMETER 
 
9.15 VIBRATING WIRE PIEZOMETERS  
9.15.1 Installation in Boreholes Drilled from the surface 
 
 
9.16 WATER STANDPIPES 
 
9.17 TEMPERATURE SENSOR 
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CHAPTER 9 
 

INSTRUMENTATION AND MONITORING (Cont’d) 
 
9.18 STRAIN GAUGE 
 
9.19 LOAD CELL 
 
9.20 TELL-TALES 
 
9.21 OPTICAL PLUMBING  
 
9.22 AUTOMATICALLY LOGGED INSTRUMENTS 
 
9.23 FIELD DATA 
9.23.1 Reporting of Instrumentation Data to GDB 
 
9.24 BOREHOLE INSTALLATION 
9.24.1 Drilling 
9.24.2 Records and Borehole Logs 
9.24.3 Grouting 
 
9.25 RECORDS AND REPORTING  
9.25.1 General 
9.25.2 Reporting 
9.25.3 Monthly Reporting 
 
APPENDIX 9.1 
 
APPENDIX 9.2 
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CHAPTER 10 

ROADWORKS 

 
10.1 GENERAL 
  
10.2 EARTHWORKS        
   
10.3 FLEXIBLE PAVEMENTS  
10.3.1 Subgrade 
10.3.1.1 Materials 
10.3.1.2 Preparation of Subgrade 
10.3.1.3 Protection of the Top of Subgrade 
10.3.2 Sub-Base and Base 
10.3.2.1 General 
10.3.2.2 Sub-base 
10.3.2.3 Plant-mixed Graded Granite Aggregate Base 
10.3.2.4 Coarse Granite Aggregate (Crusher-run) Base 
10.3.3 Asphaltic Concrete 
10.3.3.1 Materials 
10.3.3.2 Mix Design 
10.3.3.2.1 Dense Mix 
10.3.3.2.2 Porous Asphalt 
10.3.3.2.3 Open Graded Asphalt 
10.3.3.2.4 Stone Mastic Asphalt 
10.3.3.3 Field Trial Mix by Contractor 
10.3.3.4 Manufacture 
10.3.3.5 Asphalt Laying 
  
10.4 RIGID PAVEMENT       
10.4.1 General 
10.4.2 Materials 
10.4.3 Construction 
 
10.5 PAVEMENT MARKINGS 
10.5.1 Temporary Pavement Marking 
10.5.2 Thermoplastic Pavement Marking 
 
10.6 ROAD AND RELATED FACILITIES CONSTRUCTION 
10.6.1 Setting Out, Survey and Levelling 
10.6.2 Materials and Colour Codes for Demarcation 
10.6.3 Construction Tolerance 
10.6.3.1 Surface Levels 
10.6.3.2 Longitudinal Profile Measurement 
10.6.3.3 Horizontal Alignment 
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CHAPTER 10 

 
ROADWORKS (Cont’d) 

 
10.6.4 Rectification of Levels 
10.6.5 Vehicular Traffic on Pavement 
10.6.6 Vehicular Impact Guardrail 
10.6.6.1 Materials 
10.6.6.2 Mechanical Properties 
10.6.6.3 Thickness of Metal 
10.6.6.4 Dimensions of Beam 
10.6.6.5 Connections and Splices 
10.6.6.6 Terminal Sections 
10.6.6.7 Galvanising 
10.6.6.8 Fabrication of Beam Elements and Terminal Sections 
10.6.6.9 Marking 
10.6.6.10 Testing 
10.6.6.11 Posts 
10.6.6.12 Installation 
 
10.7 FOOTPATH EXPANSION JOINT FILLER     
 
10.8 RETROREFLECTIVE SHEETING 
10.8.1 Material 
10.8.2 Test of Reflective Sheeting and Test Report 
10.8.3 Warranty for the Reflective Sheetings and Vinyl Films 
10.8.4 Transparent Process Inks  
 
10.9 RAISED PAVEMENT MARKERS 
10.9.1 Construction 
10.9.2 Reflection 
10.9.3 Effectiveness 
10.9.4 Installation 
 
10.10 PRECAST CONCRETE KERBS AND DIVIDERS 
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CHAPTER 11 

 
CONCRETE AND REINFORCEMENT 

 
11.1 CONCRETE MIX 
11.1.1 General 
 
11.2 CONSTITUENT MATERIALS OF CONCRETE  
11.2.1 Cement 
11.2.2 Aggregates 
11.2.3 Water 
11.2.4 Admixtures  
  
11.3 REQUIREMENTS FOR DESIGN MIX 
 
11.4 REQUIREMENTS FOR FRESH CONCRETE 
 
11.5 REQUIREMENTS FOR HARDENED CONCRETE  
 
11.6 PRODUCTION OF CONCRETE 
11.6.1 General 
11.6.2 Ready Mixed Concrete 
 
11.7 CONTROL OF STRENGTH OF DESIGNED MIXES  
 
11.8 TESTING AND SAMPLING OF FRESH CONCRETE 
11.8.1 General 
11.8.2 Rates of Sampling 
11.8.3 Testing Plan 
11.8.4 Compliance Requirements 
11.8.5 Quantity of Concrete Represented by Strength Test Results 
11.8.6 Action on Non-Compliance 
11.8.7 Cement Content and Free-Water/Cement Ratio 
11.8.8 Percentage Air Content 
11.8.9 Workability of Concrete 
 
11.9 SURFACE FINISH OF CONCRETE 
11.9.1 General 
11.9.2 Surface Finishes From Formwork Or Moulds 
11.9.3 Surface Finishes Of Unformed Surfaces 
11.9.4 Cementitious Spray Tile Finishes 
 
11.10 CONSTRUCTION OF CONCRETE  
11.10.1 Permissible Deviations for In-Situ and Precast Concrete Construction 

and Manufactured Precast Reinforced Concrete Components 
11.10.2 Load in Excess of Design Load 
11.10.3 Construction Joints 
11.10.4 Expansion, Contraction and other Movement Joints 
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CHAPTER 11 
 

CONCRETE AND REINFORCEMENT  (Cont’d) 
 
 
11.10.5 Water Bar 
11.10.6 Fixing Blocks, Brackets, Cast-In Bolt Holes, Chases 
 
11.11 CONCRETING OF THICK SECTIONS 
 
11.12 FORMWORK  
 
11.13 REMOVAL OF FORMWORK  
 
11.14 TRANSPORTING, PLACING AND COMPACTING OF CONCRETE 
11.14.1 Method Statements 
11.14.2 Transporting And Placing Of Concrete 
11.14.3 Compaction 
11.14.4 Protection Against Heavy Rainfall 
11.14.5 Precautions During Hot Weather 
11.14.6 Precautions For Thick Sections 
11.14.7 Placing Concrete In Prestressed Concrete Work 
11.14.8 Concreting Of Anchorage Recesses 
 
11.15 CURING OF CONCRETE 
11.15.1 Curing Methods 
11.15.2 Accelerated Curing 
  
11.16 REPAIR OF CRACKS IN REINFORCED CONCRETE  
11.16.1 General 
11.16.2 High Strength Cementitious Mortar 
11.16.2.1 General 
11.16.2.2 Materials 
11.16.2.3 Submissions 
11.16.2.4 Acceptance 
11.16.2.5 Storage and Handling 
11.16.2.6 Application 
11.16.3 Epoxy Grouting 
11.16.3.1 General 
11.16.3.2 Submissions 
11.16.3.3 Acceptance of Injection System 
11.16.3.4 Quality Assurance: Packaging and Labelling 
11.16.3.5 Quality Assurance: Storage and Handling 
11.16.3.6 Materials: Epoxy Injection Resin 
11.16.3.7 Materials: Surface Seal 
11.16.3.8 Application: Preparation of Concrete Surface 
11.16.3.9 Application: Injection Points 
11.16.3.10 Application: Injection Sequence 
11.16.3.11 Testing 
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CONCRETE AND REINFORCEMENT (Cont’d) 
 
11.16.3.12 Making Good 
11.16.3.13 Safety 
11.16.4 Polyurethane Grouting 
11.16.4.1 General 
 
11.17 PRECAST CONCRETE CONSTRUCTION 
11.17.1 General 
11.17.2 Handling, Storage and Transport 
11.17.3 Protection 
11.17.4 Assembly and Erection 
11.17.5 Forming Structural Connection 
 
11.18 REINFORCEMENT 
11.18.1 General 
11.18.2 Mechanical Couplers for Reinforcement Bars 
11.18.3 Welding 
 
11.19 TESTS ON HARDENED CONCRETE 
11.19.1 Core Test 
11.19.2 Check Test 
11.19.3 Load Test 
 
11.20 PRESTRESSING TENDONS 
11.20.1 General 
11.20.2 Materials 
11.20.3 Handling and Storage 
11.20.3.1 General 
11.20.3.2 Packaging 
11.20.3.3 Condition of Steel 
11.20.3.4 Corrosion and Damage 
11.20.3.5 Protection 
11.20.4 Straightness 
11.20.4.1 Wire 
11.20.4.2 Strand 
11.20.4.3 Bars 
11.20.5 Cutting 
11.20.6 Duct 
11.20.7 Sheathing 
11.20.8 Tensioning Apparatus 
11.20.9 Pretensioning 
11.20.9.1 General 
11.20.9.2 Straight Tendons 
11.20.9.3 Deflected Tendons 
11.20.9.4 Positioning 
11.20.10 Post-Tensioning 
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CONCRETE AND REINFORCEMENT (Cont’d) 
 
11.20.10.1 Anchorages 
11.20.10.2 Dead End Anchorages 
11.20.10.3 Saddles at Deviation Points for External Prestressing 
11.20.10.4 Installation of Tendons 
11.20.10.5 Tensioning Procedure 
11.20.11 Safety Precautions during Tensioning 
11.20.12 Stacking of Prestress/ Post-Tensioned Beams 
 
11.21 GROUTING OF PRESTRESSING TENDONS 
11.21.1 General 
11.21.2 Properties of Grout 
11.21.2.1 General 
11.21.2.2 Fluidity 
11.21.2.3 Cohesion 
11.21.2.4 Compressive Strength 
11.21.3 Composition of Grout 
11.21.3.1 General 
11.21.3.2 Admixtures 
11.21.3.3 Chloride Content 
11.21.4 Grout Tubes and Ducts 
11.21.5 Mixing of Grout 
11.21.6 Grouting Procedure 
11.21.6.1 General 
11.21.6.2 Trials 
11.21.6.3 Injection 
11.21.6.4 Injection Procedure 
11.21.7 Blockages and Breakdown 
11.21.8 Removal of Vent Tubes 
11.21.9 Inspection 
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STRUCTURAL STEELWORKS 
 

12.1 GENERAL 
12.1.1 Submission Requirement 
12.1.2 Materials  
 
12.2 INSPECTION AND TESTING       
 
12.3 FABRICATION 
12.3.1 General 
12.3.2 Holing 
12.3.3 Cutting 
12.3.4 Grinding      
 
12.4 ASSEMBLY AND ERECTION  
12.4.1 General  
12.4.2 Erection Requirement 
12.4.3 Support and Foundation 
 
12.5 WELDING  
12.5.1 General 
12.5.2 Testing of Welds 
12.5.3 Welding Procedures 
 
12.6 BOLTING        
 
12.7 PROTECTION AGAINST CORROSION 
12.7.1 General 
12.7.2 Surface Preparation 
12.7.2.1 Blast Cleaning 
12.7.2.2 Solvent Cleaning 
12.7.2.3 Hand & Mechanical Cleaning 
12.7.3 Galvanising 
12.7.4 Paints 
12.7.4.1 General 
12.7.4.2 Application 
12.7.4.3 Type of Coating Systems 
12.7.4.4 Coating Specifications 
12.7.4.5 Coating Continuity and Thickness 
12.7.4.6 Compatibility 
12.7.4.7 Toxicity 
12.7.4.8 Degreasing 
12.7.5 Handling 
12.7.6 Delivery and Storage 
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ABOVE-GROUND STRUCTURES 
 

 
13.1 GENERAL 
 
13.2 TRIAL SECTIONS 
13.2.1  Columns 
13.2.2  Girders 
 
13.3 WATERPROOFING  SYSTEMS  
13.3.1 RTS Structures with Stray Currents 
13.3.1.1 Materials 
13.3.1.2 Shop Drawings and Method Statement 
13.3.1.3 Application 
13.3.1.4 Warranty 
13.3.1.5 Water Ponding Test 
13.3.2 RTS Structures without Stray Currents  
13.3.3 Flower Troughs and Planting/Turfing Areas on Bridge Decks 
 
13.4 DECK DRAINAGE SYSTEM  
13.4.1 General 
13.4.2 Road Deck Drainage 
13.4.3 RTS Deck Drainage 
 
13.5 PARAPETS AND RAILINGS  
13.5.1 General 
13.5.2 Fabrication of Parapet/Railings  
13.5.3 Alignment of Parapets 
13.5.4 Welding 
13.5.5 Static Loading and Material Testing  
13.5.6 Aluminium Parapets and Fascias for RTS Viaducts 
 
13.6 PRECAST DECK FURNITURE FOR RTS VIADUCTS  
 
13.7 LAUNCHING OF PRECAST ELEMENTS 
13.7.1 General 
13.7.2 Transportation 
13.7.3 Ground Preparation 
13.7.4 Erection 
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WATERPROOFING FOR STRUCTURES 

 
 
14.1 GENERAL  
14.1.1 Material Requirements 
14.1.2 Performance Requirements 
14.1.3 Submission Requirements 
14.1.4 Waterproofing Application 
 
14.2 WATERPROOFING TO BASE SLABS OF UNDERGROUND 

STRUCTURES  
14.2.1 General 
14.2.2 Concrete Waterproofing Admixture (Hydrophobic and Pore-blocking 

Type) 
14.2.3 Concrete Waterproofing Admixture (Crystalline Growth Type) 
 
14.3 WATERPROOFING TO WALLS OF UNDERGROUND STRUCTURES 
14.3.1 External Walls to Structures Built in Open Excavation (Bonded 

Membranes) 
14.3.2 External Walls to Structures Built in Open Excavation (Spray Applied 

Liquid Polymer Membrane)  
14.3.3 Diaphragm Walls  
14.3.4 External Walls Built against Pile Walls or Rock or Soil Faces 
 
14.4 WATERPROOFING TO ROOFS OF UNDERGROUND STRUCTURES 
14.4.1 Roof Slabs with Bonded Membranes or Spray Applied Liquid Polymer 

Membrane  
 
14.5 WATERPROOFING TO SURFACE AND PARTIALLY 

UNDERGROUND STRUCTURES 
14.5.1 Ground Slabs  
14.5.2 External Walls Protruding Above Ground Level  
14.5.3 Roof and Other Exposed Slabs 

 
14.6 STRUCTURAL CONCRETE WORKS  
14.6.1 General 
14.6.2 Construction Joints 
14.6.2.1 Waterstops  
14.6.2.2 Injection Tube System 
14.6.3 Waterproofing Treatments to Pipes, King Posts and Other Penetrations 
 
14.7 WARRANTY  
 
 
APPENDIX 1 
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BEARINGS AND MOVEMENT JOINTS 
 
 
15.1 GENERAL 
 
15.2 BEARINGS 
15.2.1 General 
15.2.2 Warranty 
15.2.3 Bearing Design 
15.2.4 Submissions 
15.2.5 Inspection of Bearings 
15.2.6 Marking, Delivery and Storage of Bearings 
15.2.6.1 Marking 
15.2.6.2 Delivery 
15.2.6.3 Storage 
15.2.7 Bearing Installation and Protection 
15.2.7.1 General 
15.2.7.2 Mechanical Pot Bearings 
15.2.8 Bearing Installation Tolerances 
15.2.9 As-built Submission 
15.2.10 Technical Requirements for Mechanical Pot Bearings 
15.2.10.1 General 
15.2.10.2 Design and Manufacture 
15.2.10.3 Design for Horizontal Loads 
15.2.10.4 Bearings Components including Fixings 
15.2.10.5 Additional Requirements for Bearing Replacement 
15.2.11 Testing Requirements for Mechanical Pot Bearings 
15.2.11.1 General 
15.2.11.2 Routine Test 
15.2.11.3 Additional Tests 
15.2.11.4 Test for Vertical Load 
15.2.11.5 Test for Coefficient of Friction 
15.2.11.6 Test for Lateral Load 
15.2.11.7 Test for Rotation 
15.2.11.8 Failure to Meet Requirements 
15.2.11.9 Test Certificates  
15.2.12 Technical Requirements for Laminated Elastomeric Bearings 
15.2.12.1 General 
15.2.12.2 Design and Manufacture  
15.2.12.3 Buckling Stability  
15.2.12.4 Protective Treatment 
15.2.13 Testing Requirements for Laminated Elastomeric Bearings 
15.2.13.1 General 
15.2.13.2 Routine Test 
15.2.13.3 Material Tests 
15.2.13.4 Dimensional Checks 
15.2.13.5 Test for Vertical Load 
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BEARINGS AND MOVEMENT JOINTS (Cont’d) 
 
15.2.13.6 Test for Static Compression Stiffness 
15.2.13.7 Test for Buckling Stability 
15.2.13.8 Failure to Meet Requirements 
15.2.13.9 Test for Static Shear Stiffness 
15.2.13.10 Test Certificates 
 
15.3 MOVEMENT JOINTS 
15.3.1 General 
15.3.2 Design by Specialist / Manufacturer 
15.3.3 Submissions 
15.3.4 Warranty 
15.3.5 Installation and Protection 
15.3.6 Shipping and Handling 
15.3.7 Materials 
15.3.8 Water-tightness of Movement Joints 
15.3.9 Replacement of Movement Joints 
15.3.10 Technical Requirements for Elastomeric in Metal Runners Joints 

(Modular Expansion Joints) 
15.3.11 Technical Requirements for Cantilever Comb or Tooth Joints (Sawtooth 

Plate Joints) or Finger Plate Joints 
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BORED TUNNELS AND RELATED WORKS 
 
 
16.1 GROUNDWATER LEAKAGE  
 
16.2 PRODUCTION AND INSTALLATION OF SEGMENTAL LINING  
16.2.1 General 
16.2.2 Moulds and Surface Finishes 
16.2.3 Concrete Mixes and Additives 
16.2.4 Reinforcement 
16.2.5 Curing of Concrete 
16.2.6 Segments Casting Tolerances 
16.2.7 Grout Holes 
16.2.8 Segment Identification 
16.2.9 Surface Preparation and Repair (Casting Yard)  
16.2.10 Rejection of Segments 
16.2.11 Trial Assembly 
16.2.12 Handling 
16.2.13 Grouting of Lining 
16.2.14 Construction Tolerances 
16.2.15 Re-Alignment of Out-of-Tolerance Lining 
16.2.16 Segment Repair in Tunnel 
16.2.17 Caulking Grooves and First Stage Concrete 
16.2.18 Database of As-Built Lining 
 
16.3 FIXTURES AND COATINGS FOR SEGMENTAL LINING  
16.3.1 General Requirements for Gaskets 
16.3.2 Performance Testing of Gaskets 
16.3.3 Packings 
16.3.4 Threaded Fasteners, Washers Grout Plugs and Cast-In Fixings 
16.3.5 Waterproof Coatings for Segments 
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BORED TUNNELS AND RELATED WORKS (Cont’d) 

 
 
16.4 CAST IN-SITU CONCRETE LININGS  
16.4.1 General 
16.4.2 Formwork 
16.4.3 Construction Joints 
16.4.4 Preparations for Placing Concrete 
16.4.5 Concrete Placing Equipment 
16.4.6 Placing of Concrete 
16.4.7 Compaction of Concrete 
16.4.8 Curing of Concrete 
16.4.9 Surface Finishes 
16.4.10 Concrete Replacement and Repair 
16.4.11 Grouting of Cast In-situ Concrete Linings 
 
APPENDIX I 
 
APPENDIX II 
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SPRAYED CONCRETE LINING FOR TUNNELS 
 

17.1 GENERAL  
17.1.1 Definitions  
17.1.2 Precedence and References 
17.1.3 General Requirements 
 
17.2 EXCAVATION  
17.2.1 General 
17.2.2 Procedure 
17.2.3 Method 
17.2.4 Excavation Tolerances 
17.2.4.1 General 
17.2.4.2 Additional Allowances 
17.2.4.3 Survey 
17.2.5 Excavation Sequence 
17.2.5.1 Tunnels with Any Excavated Diameter Greater than 6m 
17.2.5.2 Tunnels with Any Excavated Diameter Not Greater than 6m 
17.2.6 Probe Drilling 
17.2.7 Drainage 
17.2.8 Construction Joints 
17.2.9 Break-Outs for Openings, Junctions and Similar Structures 
17.2.10 Prevention of Weathering 
17.2.11 Face Support 
17.2.12 Excavation Stoppages 
17.2.13 Temporary Backfill 
17.2.14 Hazard Identification and Risk Assessment 
17.2.15 Quality 
 
17.3 SHOTCRETE  
17.3.1 Definitions 
17.3.1.1 Shotcrete 
17.3.1.2 Wet Method of Shotcreting 
17.3.1.3 Shotcrete Layer 
17.3.1.4 Flash Coat / Sealing Coat 
17.3.1.5 Rebound 
17.3.1.6 Admixtures 
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SPRAYED CONCRETE LINING FOR TUNNELS (Cont’d) 

 
17.3.2 Materials 
17.3.2.1 Cement 
17.3.2.2 Pulverised Fuel Ash 
17.3.2.3 Microsilica 
17.3.2.4 Aggregates 
17.3.2.5 Admixtures 
17.3.2.6 Accelerators 
17.3.2.7 Plasticisers and Retarders 
17.3.2.8 Metering of Admixtures 
17.3.2.9 Fibres 
17.3.3 Shotcrete Requirements 
17.3.3.1 General 
17.3.3.2 Strength 
17.3.3.3 Visual Inspection 
17.3.3.4 Shotcrete Surface 
17.3.4 Site Trials 
17.3.4.1 General 
17.3.4.2 Development of Mix Design 
17.3.4.3 Procedure 
17.3.5 Production and Transport 
17.3.5.1 Batching and Mixing  
17.3.5.2 Transport 
17.3.6 Equipment 
17.3.6.1 General 
17.3.7 Application 
17.3.7.1 General 
17.3.7.2 Shotcrete Thickness and Cover 
17.3.7.3 Proficiency of Operatives 
17.3.8 Testing of the Works 
17.3.8.1 General 
17.3.8.2 Strength Tests 
17.3.8.3 Stiffness Tests 
17.3.8.4 Workability Tests 
17.3.8.5 Thickness Tests 
17.3.8.6 Test Procedure for Bleeding of Cement 
17.3.8.7 Strength Decrease 
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SPRAYED CONCRETE LINING FOR TUNNELS  (Cont’d) 

 
 
17.3.9 Health and Safety  
17.3.9.1 General 
17.3.9.2 Access 
17.3.9.3 Dust Level and Ventilation 
17.3.9.4 Care of Substances Hazardous to Health (COSHH) Regulations 
17.3.9.5 Personal Protective Equipment 
17.3.9.6 Illumination 
17.3.9.7 Communications 
17.3.9.8 Overhead Shotcrete 
 
17.4 OTHER TEMPORARY SUPPORT  
17.4.1 Rock Bolts 
17.4.1.1 Types 
17.4.1.2 Materials 
17.4.1.3 Drilling and Installation 
17.4.1.4 Testing of Materials 
17.4.1.5 Trials and Testing of Rock Bolts 
17.4.1.6 Records 
17.4.2 Forepoling 
17.4.2.1 General 
17.4.2.2 Materials 
17.4.2.3 Application 
17.4.3 Support Arches 
17.4.3.1 General 
17.4.3.2 Materials 
17.4.3.3 Fabrication and Erection 
17.4.3.4 Welding 
17.4.3.5 Connections 
17.4.3.6 Tolerances 
17.4.4 Reinforcement 
17.4.4.1 General 
17.4.4.2 Fixing 
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SPRAYED CONCRETE LINING FOR TUNNELS (Cont’d) 
 
 
17.5 INSTRUMENTATION AND MONITORING  
17.5.1 General 
17.5.2 Deformation of the SCL 
17.5.3 Stresses of the SCL 
17.5.4 Deformation of the SCL Lining 
17.5.5 Interpretation of Readings 
 
17.6 PERMANENT LINING  
 
17.7 WATERPROOFING SYSTEM  
17.7.1 General 
17.7.1.1 Scope of Section 
17.7.1.2 Description 
17.7.1.3 Submissions by the Contractor 
17.7.1.4 Quality Assurance 
17.7.2 Materials 
17.7.2.1 General 
17.7.2.2 Fleece 
17.7.2.3 Waterproofing Membrane  
17.7.2.4 Temporary Drainage System 
17.7.2.5 Accessories 
17.7.2.6 Finishing Layer 
17.7.3 Installation 
17.7.3.1 Surface Preparation 
17.7.3.2 Application 
17.7.3.3 Storage 
17.7.4 Testing and Acceptance of Membrane 
17.7.4.1 General 
17.7.4.2 Tests 
17.7.4.2.1 General 
17.7.4.2.2 Seam Test with Compressed Air 
17.7.4.2.3 Seam Test with Vacuum Equipment 
17.7.4.2.4 Re-testing 
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PIPEWORK AND PUMPS 
 
 
18.1 GENERAL REQUIREMENTS  
18.1.1 General 
 
18.2 PIPEWORK  
18.2.1 Installation 
18.2.2 Pipe Hangers, Supports and Anchors 
 
18.3 PIPE MATERIALS   
 
18.4 EXCAVATION FOR PIPEWORK  
 
18.5 BEDDING, HAUNCHING, LAYING AND BACKFILLING  
 
18.6 PIPE SLEEVES  
 
18.7 PIPES PASSING THROUGH EXTERNAL WALLS AND SLABS 
 
18.8 MOVEMENT JOINTS  
 
18.9 PUMPS        
18.9.1 General 
18.9.2 Submissions 
18.9.3 Cold Water Pumps 
18.9.4 Pressure Vessels 
18.9.5 Drainage Sump Pumps 
18.9.5.1 Type 
18.9.5.2 Function 
18.9.5.3 Type of Motor 
18.9.5.4 Pump Capacity 
18.9.5.5 De-watering Sump Pump 
18.9.6 Drainage Sump Pump Construction 
18.9.6.1 Pump Construction 
18.9.6.2 Motors 
18.9.7 Sewage Sump Pumps 
18.9.7.1 Type 
18.9.7.2 Pump Construction 
18.9.7.3 Motors 
18.9.8 Sewage Ejector Pumps 
18.9.8.1 General 
18.9.8.2 Pump Construction 
18.9.8.3 Motors 
18.9.8.4 Sewage Ejector Tanks 
18.9.9 Pump Installation 
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PIPEWORK AND PUMPS (Cont’d) 
 

 
18.10 PRESSURE SWITCHES 
 
18.11 WATER LEVEL CONTROLLERS 
 
18.12 LIFTING SYSTEM 
 
18.13 NOISE & VIBRATION CONTROL 
18.13.1 Noise Levels 
18.13.2 Not Used 
18.13.3 Vibration Isolators 
18.13.3.1 General 
18.13.3.2 Pumps 
18.13.3.3 Piping 
18.13.3.4 Vibration Isolators 
18.13.3.5 Bases 
 
18.14 TESTING & COMMISSIONING AND MAINTENANCE 
18.14.1 General Requirements 
18.14.2 Execution 
18.14.3 Inspection and Testing During Manufacture 
18.14.4 Testing  and Commission at Site 
18.14.4.1 Notice 
18.14.4.2 Records 
18.14.4.3 Licensed Electrical Worker (LEW) 
18.14.4.4 Preliminary Commissioning Checks 
18.14.4.5 Commissioning 
18.14.4.6 Final Acceptance Tests 
18.14.4.7 Integrated Testing & Commissioning 
18.14.4.8 As-Built Drawings, Operation and Maintenance Manuals 
 
18.15 PAINTING, COLOUR CODING AND LABELLING 
18.15.1 General Requirements 
18.15.2 Quality Assurance 
18.15.3 Submissions 
18.15.4 Painting 
18.15.5 Paint Application for Galvanised Steel and Mild Steel Surfaces 
18.15.6 Paint Application for Copper Pipework 
18.15.7 Paint Application for All Other Metallic Surfaces 
18.15.8 Painting of Equipment 
18.15.9 Colour Bands / Legends 
18.15.10 Labelling 
18.15.11 Directional Arrows Lettering 
18.15.12 Application 
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PIPEWORK AND PUMPS (Cont’d) 

 
 
 
18.16 SPARES, STANDARDISATION AND TOOLS 
 
18.17 REQUIREMENT FOR ELECTROMAGNETIC COMPATIBILITY 
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CHAPTER 19 
 

DRAINAGE WORKS 
 

19.1 GENERAL 
19.1.1 General 
19.1.2 Design Requirement 
19.1.3 Workmanship 
19.1.4 Standards, Codes and Regulations 
19.1.5 Quality Assurance 
19.1.6 Submissions 
 
19.2 DRAINAGE WORKS FOR BELOW GROUND STRUCTURES  
19.2.1 General 
19.2.2 Pipes and Fittings 
19.2.2.1 Materials 
19.2.2.2 Pipe Joints 
19.2.2.3 Pipe Size 
19.2.2.4 Pipe Insulation 
19.2.3 Water Velocity  
19.2.4 Cleaning Eyes and Inspection Openings  
19.2.5 Pipework Installation 
19.2.6 Cleaning Procedure  
19.2.7 Testing and Commissioning 
19.2.8 Drainage Sumps and Covers 
 
19.3 DRAINAGE WORKS APPLIANCES AND FITTINGS   

  
19.4 SURFACE DRAINAGE WORKS       
19.4.1 General 
19.4.2 Materials 
19.4.3 Table Drains 
19.4.4 Precast Concrete Drains and Culverts 
19.4.5 Scupper Drains 
19.4.6 Subsoil Drains 
19.4.7 Catch Drains and other Open Drains 
19.4.8 Lining of Drains 
19.4.9 Drainage Sumps and Covers 
 
19.5 CONSTRUCTION         
 
19.6 EXCAVATION         
19.6.1 General 
19.6.2 Depth 
19.6.3 Materials Encountered 
19.6.4 Width of Trench 
19.6.5 Verticality 
19.6.6 Completion 
19.6.7 Drainage Trenches 
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DRAINAGE WORKS (Cont’d) 

 
19.6.8 Subsoil Drain Trenches 
 
19.7 FOUNDATION         
 
19.8 BACKFILLING 
19.8.1 Material 
19.8.2 Depositing of Backfill Material 
19.8.3 Compaction 
19.8.4 Minimum Depth 
19.8.5 Backfilling of Drainage Trenches 
19.8.6 Maintaining Shape of Structure 
 
19.9 TESTING         
19.9.1 Test for Pipework 
19.9.2 Test for Pipeline 
19.9.3 Duration 
19.9.4 Backfilling 
19.9.5 Test for Precast Concrete Culverts 
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CHAPTER 20 
 

SEWERAGE AND SANITARY PLUMBING 
 

20.1 GENERAL         
20.1.1 General 
20.1.2 Design Requirement 
20.1.3 Workmanship  
20.1.4 Standards, Codes and Regulations  
20.1.5 Quality Assurance  
20.1.6 Submissions 
 
20.2 PIPES AND FITTINGS        
20.2.1 Materials  
20.2.2 Pipe Insulation 
20.2.3 Pipe Joints 
20.2.4 Valves 
20.2.5 Pipework Installation 
20.2.6 Cleaning Procedure 
20.2.7 Testing & Commissioning 
 
20.3 CLEANING EYES AND INSPECTION OPENINGS   

  
20.4 SANITARY PLUMBING APPLIANCES AND FITTINGS 
20.4.1 Floor Trap 
20.4.2 Floor Waste 
20.4.3 Gully Trap 
20.4.4 Urinal Trap 
20.4.5 Flush Valve 
20.4.6 Testing 
 
20.5 BURIED OR CAST IN SEWERAGE AND SANITARY PLUMBING 

WORKS  
20.5.1 Pipework Material 
20.5.2 Pipe Laying 
20.5.3 Pipeline Setting Out 
20.5.4 Excavation 
20.5.5 Back Filling  
20.5.6 Concreting Works  
20.5.7 Tests  
20.5.8 Clearing Pipeline of Obstruction 
 
20.6 INSPECTION CHAMBERS AND WASTE SUMPS COVERS 
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CHAPTER 21 

WATER SERVICES 

 
21.1 GENERAL         
21.1.1 General 
21.1.2 Design Requirement 
21.1.3 Workmanship 
21.1.4 Standards, Codes and Regulations 
21.1.5 Quality Assurance 
21.1.6 Submissions 
 
21.2 PIPES AND FITTINGS        
21.2.1 Pipework Materials 
21.2.2 Pipe Joints 
 
21.3 VALVES         
21.3.1 General 
21.3.2 Isolating Valves 
21.3.3 Regulation Valves 
21.3.4 Check Valves 
21.3.5 Strainers 
21.3.6 Pressure Relief Valves 
21.3.7 Automatic Air Vent 
21.3.8 Pressure Gauge 
21.3.9 Flexible Connector 
21.3.10 Gasket 
21.3.11 Ball Float Valve 
 
21.4 INSTALLATION 
 
21.5 CLEANING PROCEDURE 
 
21.6 TESTING AND COMMISSIONING 
 
21.7 WATER STORAGE TANK      
21.7.1 General 
21.7.2 Tank Construction 
21.7.3 Tank Installation 
21.7.4 Tests 
 
21.8 WATER SERVICES PUMPS 
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CHAPTER 23 

ELECTRICAL WORKS 
 
 
23.1 GENERAL REQUIREMENT 
23.1.1 General 
23.1.2 Workmanship 
23.1.3 Design Requirement 
 
23.2 STANDARDS, CODES AND REGULATIONS 
 
23.3 SYSTEM SPECIFICATION  
 
23.4 SUBMISSIONS   
 
23.5 LV CABLES AND CONDUCTORS  
 
23.6 CABLE TRAYS, CONDUITS AND TRUNKING  
23.6.1 General 
23.6.2 Conduits 
23.6.3 Trunking 
23.6.4 Cable Trays 
 
23.7 EARTHING  
 
23.8 BALANCE OF LOAD  
 
23.9 MOTORS  
 
23.10 SPECIAL REQUIREMENT FOR MOTORS FOR DRAINAGE AND 

SUMP PUMPS (For Vehicular Underpasses Projects with Pump 
Houses only) 

 
23.11 MOTOR CONTROL PANELS (MCP)  
23.11.1 General 
23.11.2 Special Requirement for MCP (For Rail Transit and Pedestrian 

Underpasses Projects) 
23.11.3 Special Requirement for MCP (For Vehicular Underpasses Projects with 

Pump Houses) 
 
23.12 MOTOR STARTERS  
 
23.13 DIRECT-ON-LINE (DOL) STARTERS  
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CHAPTER 23 

 
ELECTRICAL WORKS (Cont’d) 

 
 
23.14 REDUCED VOLTAGE STARTERS  
23.14.1 General 
23.14.2 Closed Transition "Star-Delta" Starters (CT.SD) 
23.14.3 Auto- Transformer Starters (CT.AT) 
23.14.4 Solid State (Soft) Starter 
 
23.15 CURRENT AND VOLTAGE TRANSFORMERS 
 
23.16 AMMETERS    
 
23.17 VOLTMETER  
 
23.18 FUSE LINKS   

 
23.19 MOULDED CASE CIRCUIT BREAKERS (MCCB)  
 
23.20 CONTROL AND AUXILIARY RELAYS   
 
23.21 MINIATURE AIR-BREAK CIRCUIT BREAKER (MCB)  
 
23.22 CONTACTORS  
 
23.23 PUSH BUTTONS AND INDICATING LAMPS     

  
23.24 LAMP TESTING FACILITY 
 
23.25 SELECTOR SWITCHES  
 
23.26 ALARM BELLS AND BUZZERS  
 
23.27 PROTECTIVE RELAYS   
  
23.28 ISOLATORS  
 
23.29 RESIDUAL CURRENT CIRCUIT BREAKERS  
 
23.30 VOLTAGE-FREE CONTACTS (DRY CONTACTS)  
 
23.31 EMERGENCY STOP BUTTON   
 
23.32 LABELLING  
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CHAPTER 23 

 
ELECTRICAL WORKS (Cont’d) 

 
 
23.33 TESTS AT MANUFACTURER’S WORKS  
 
23.34 TESTS ON COMPLETION   
 
23.35 PUMP CONTROLS FOR DRAINAGE SUMP PUMPING SYSTEM, 

SEWAGE SUMP PUMPING SYSTEM, AND SEWAGE EJECTOR 
PUMPING SYSTEM (For Rail Transit and Pedestrian Underpasses 
Projects) 

 
23.36 PUMP CONTROLS FOR CD & NON-CD DRINKING WATER 

BOOSTER PUMPING SYSTEM AND CD/PEACE-TIME COOLING 
WATER BOOSTER PUMPING SYSTEM  

 
23.37 PUMP CONTROLS FOR DRAINAGE SUMP PUMPING SYSTEM (For 

Vehicular Underpasses Projects with Pump Houses) 
 
23.38 EARTHING SYSTEM       
23.38.1 General 
23.38.2 Earth Mat Design Requirement 
23.38.3 Installation and Execution 
23.38.4 Testing 
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CHAPTER 24 

BRACKETS AND CAST-IN DUCTS 

FOR CABLES AND PIPES 

 
 
24.1 CABLE BRACKETS 
24.1.1 General 
24.1.2 Storing, Distributing and Fixing 
24.1.3 Cast-In Sockets, Bolts and Washers 
 
24.2 CAST-IN DUCTS 
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CHAPTER 25 

STRAY CURRENT CONTROL 
AND TOUCH VOLTAGE PROTECTION 

 
25.1 MRT STRAY CURRENT DRAINAGE AND MONITORING PROVISIONS 
 
25.2 ACCIDENTAL STRAY CURRENT PATHS FOR MRT STRUCTURES 
 
25.3 TESTING AND MONITORING REQUIREMENTS FOR STRAY 

CURRENTS 
25.3.1 Test Equipment 
25.3.2 Tests on Mesh Continuity 
25.3.3 Tests on Insulation of Installations 
25.3.4 Tests on Reference Electrodes 
25.3.5 Monitoring of Stray Currents 
 
25.4 TOUCH VOLTAGE PROTECTION AT STATION PLATFORMS 
25.4.1 General 
25.4.2 Protection Zone 
25.4.3 Protection Zone Requirement 
25.4.4 Isolation Requirement 
25.4.4.1 Touch Voltage Protection Membrane   
25.4.5 Cladding at Platform Edge Column 
25.4.6 End Return 
25.4.7 Floor Finish Interface 
 
25.5 TESTING AND REQUIREMENTS FOR TOUCH VOLTAGE 

PROTECTION AT STATION PLATFORM 
25.5.1 Test Equipment 
25.5.2 Insulation Measurement on Platform Floor 
25.5.2.1 General 
25.5.2.2 Pre-Platform Floor Finish Laying 
25.5.2.3 Post Platform Floor Finish Laying 
25.5.2.4 Method of Measurement 
25.5.2.5 Measurement Locations 
25.5.2.6 Passing Requirement 
25.5.2.7 Rectification 
25.5.3 Insulation Measurement of Installations within the Protection Zone 
25.5.3.1 General 
25.5.3.2 Passing Requirement 
25.5.4 Method Statement and Test Report 
 
25.6 CIVIL/PSD INSTALLER INTERFACE 
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CHAPTER 26 

TELEPHONE INSTALLATIONS 

 
 
26.1 TEMPORARY TELEPHONE INSTALLATIONS 
 
26.2 LEAD-IN PIPES 
 
26.3 TELEPHONE MANHOLES 
 
26.4 EXPRESSWAY EMERGENCY TELEPHONE SYSTEM 
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CHAPTER 29 

 
TURFING AND PLANTING 

 
 
29.1 GENERAL 
 
29.2 TOPSOIL 
 
29.3 PLANTING 
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29.6 INSPECTION AND ACCEPTANCE OF WORKS 
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MATERIAL AND WORKMANSHIP SPECIFICATION  

INTRODUCTION 

 
The Material and Workmanship Specification (M&W Specification) which follows shall 
be treated as one of the Contract Documents and forms a part of the Authority’s 
Requirements. 
 
The Contractor shall comply fully with the minimum requirements specified in this 
M&W Specification on the materials and the workmanship for the execution of the 
Works under the Contract. This M&W Specification shall be the reference and basis 
for the acceptance by the Engineer of any material and workmanship provided by the 
Contractor or on any work completed under the Contract. The Contractor’s Quality 
Plan and the Inspection and Test Plan shall consider and include fully the minimum 
standards and quality for each item of material or work specified in the M&W 
Specification.  
 
This M&W Specification attempts to include as much as possible the various kinds of 
Works in the Contract. However, there may be exceptional cases when new materials 
or products or specialist’s works are specified or proposed by the Contractor such that 
the manufacturer’s recommendations or specification is relied on as basis for the 
material and workmanship standard for the completed works. For any item of material 
or work which is not mentioned in this M&W Specification, the Contractor shall 
propose the full specification and the examinations and tests required to determine the 
minimum acceptable quality or standards of the material and workmanship for the 
Engineer’s acceptance. 
 
This M&W Specification shall be developed, improved and amended for the Engineer’s 
acceptance to suit the Contractor’s Design or Method Statement whenever the 
Contractor finds it inadequate or deficient at no extra cost to the Authority. All 
materials, components and methods of fabrication and construction including 
examination and testing shall be clearly and concisely explained in detail by the 
Contractor if he is proposing additional specification for the works for the Engineer’s 
acceptance. The Engineer will not accept any changes unless the Contractor can 
clearly demonstrate that such change will not result in lowering the standards or 
quality. If the Contractor’s proposal involves making changes to this M&W 
Specification, the submission shall identify the marked changes for the Engineer’s 
acceptance.  
 
In general, the requirements of the M&W Specification shall be considered as 
minimum requirements.  
 
The Contractor shall maintain the present format of the Materials and Workmanship 
Specification, keeping to the present clause numbering as far as practicable. The 
Contractor shall add further Chapters to the M&W Specification as necessary. 
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CHAPTER 1 

 

GENERAL 

 

 

1.1 GENERAL 

 
1.1.1  This Specification sets out the basic standard of quality of materials and 
 workmanship required by the Land Transport Authority.  
 
1.1.2 The Contractor shall ensure that these requirements are strictly adhered 
 to when carrying out the Works, unless otherwise instructed. 
 
1.1.3 The term Engineer used in this Specification refers to the Engineer 

appointed by the Authority for the purpose of the Contract. Where the 
Conditions of Contract require a Superintending Officer be appointed for 
the purpose of the Contract, the term Engineer in this Specification shall 
refer to the Superintending Officer so appointed by the Authority. 

 
 
1.2 STANDARDS AND CODES OF PRACTICE 

 
1.2.1  Unless otherwise specified, all materials, fittings, workmanship, 

construction and installations for the Works, shall comply with the 
appropriate standard issued by the Standards, Productivity and Innovation 
Board (SPRING Singapore). If such a standard does not exist, then the 
appropriate standard issued by the British Standards Institution shall be 
used. Where relevant provision does not exist, the Contractor shall submit 
appropriate equivalent standard to the approval of the Engineer. All 
standards shall include all Amendments and Addenda current at the date 
of Tender. 

 
1.2.2 Where Metric and Imperial versions of the same Standard exist then the 

Metric version shall apply. 
 
1.2.3 In the Specification and Drawings the abbreviation "CP" means "British 

Standard Code of Practice: and the abbreviation "BS" means "British 
Standard" as issued by the British Standards Institution.  "SS" means 
Singapore Standard as issued by the Standards, Productivity and 
Innovation Board (SPRING Singapore). ASTM means the American 
Society for Testing of Materials. 

 
1.2.4 All references to Acts of Parliament are (except where the contrary is 

expressly stated) references to the Acts of Parliament of the Republic of 
Singapore. 
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1.3 TRADE NAMES 

 
1.3.1 Wherever items bearing trade names or company names are stated in the 

Drawings, Specification or Bills of Quantities, the Contractor may 
substitute items bearing alternative trade or company names provided 
they are warranted equal in all respects to those specified and the 
Engineer’s acceptance is obtained in writing before making a substitution. 

 
 
1.4 SAMPLES OF MATERIALS AND WORKMANSHIP 

 
1.4.1 In addition to supplying samples of materials as specified, the Contractor 

shall, whenever requested by the Engineer submit samples of any 
material or demonstrate the level of workmanship proposed to be used in 
the execution of the Works for his acceptance. 

 
1.4.2 Such samples for demonstration of Works shall be constructed or 

orientated so that viewing in natural light will reasonably duplicate the 
effect expected in the finished work.  The Contractor shall maintain the 
samples until their removal is directed by the Engineer. 

 
 
1.5 INSPECTION AND TESTING 

 
1.5.1 The Engineer shall have the right to inspect the manufacture of any 

material at the manufacturer's works at any time. However the cost of 
travel and accommodation where necessary for the Authority’s 
representative, shall be borne by the Authority, unless stated otherwise in 
the Contract. 

 
1.5.2 The Contractor shall, obtain from the manufacturer and submit to the 

Engineer certificates showing that tests of materials have been carried out 
in accordance with the requirements of this Specification. 

 
1.5.3  The Contractor shall agree with the Engineer in writing on the date and 

place of test, at least one week before the date of the test. The Contractor 
may proceed with the test if the Engineer confirmed in writing that he is 
unable to attend the tests. However, the Contractor shall furnish to the 
Engineer the certified copies of the test results.  

 
1.5.4 If as a result of such inspection, examination or test the material is found 

to be defective or not in accordance with the Contract, the Engineer shall 
notify the Contractor of his rejection in writing. The Contractor shall furnish 
the Engineer a method statement which defines how and when the defect 
is to be made good. The method statement shall be submitted within 48 
hours after the Contractor receives written notification from the Engineer.   
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1.5.5 Upon the acceptance of the method statement by the Engineer, the tests 

shall be repeated under the same terms and conditions. The Contractor 
shall immediately make good the defects or ensure that the materials 
complies with the Contract.  Unless otherwise accepted by the Engineer 
all quality assurance testing shall be performed by a SAC-SINGLAS 
accredited/approved testing laboratory to be appointed by the Contractor. 

   
 
1.6   SITE RECORDS 

 
1.6.1 The Contractor shall keep such site records as are required by the 

Engineer to ensure effective quality assurance of workmanship and 
materials. Such records shall include, but not be limited to, the following: 

 
      (a) Daily maximum and minimum temperature 
 
           (b)  Rainfall 
  
         (c)  Materials testing of all aggregates, cement and concrete  

  identifying the section of works to which they relate 
 
           (d) Casting dates for in-situ and precast concrete 
                               
           (e)   Formwork striking 
 
          (f) Dates of structural steelwork shot blasting and painting together 

  with paint film thickness 
 
          (g) Dates of inspection of steelwork fabrication and records of tests 

  carried out 
 
          (h) Tests on fire resistance of materials 
 
           (i) Detail of filling materials, their location in the Works, dates of 

  placing and compaction test 
 
  (j) Pilings   
 
        (k) Welding  
 
         (l) Detail of prestressed members, including moulds, concrete and 

  tensioning 
 
       (m) Inspection/certification by Professional Engineers and Safety 

  Officers 
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CHAPTER 2 
 

DEMOLITION, SITE CLEARANCE 
AND HOARDING 

 
 
2.1 GENERAL 
 
 The Contractor shall take all necessary steps during demolition and site 

clearance to protect adjoining properties, fences, public roadways, 
footpaths, etc. and shall be responsible for making good any damage, or 
the replacement by an acceptable equivalent should the material be no 
longer obtainable in the market. 

 
 Demolition and site clearance shall be carried out in such a manner as to 

cause as little inconvenience as possible to adjoining properties occupier 
and general public and to safeguard public safety at all time. The 
Contractor shall be held responsible for any claims arising there from. 

 
 The Contractor shall take all necessary precautions during demolition and 

site clearance not to disturb existing electricity supply cables, drains, gas 
pipes, water supply pipes, ducts, telephone cables, radio and television 
relay lines, hydraulic pressure mains and other service pipes and fittings 
across the site.  Where necessary, the above service lines and fittings 
shall be supported and protected. 

 
 Before work commences or during the progress of the demolition and site 

clearance works, should the Contractor discover any cables, pipes or 
fittings which are liable to be damaged during the progress of the works or 
may obstruct and impede the progress of the works, he shall inform the 
Engineer and co-ordinate with utility agencies for the protection or 
diversion of the cables or pipes or fittings. 

 
 
2.2 SITE HOARDING 
 
 The Contractor shall provide and erect, to the acceptance of the Engineer, 

all necessary protective screens, hoarding, shoring etc. that may be 
required, to prevent damage, nuisance or disturbance by debris or dust to 
adjoining properties, public roadways or persons or traffic passing nearby. 
Unless specified otherwise, such protective hoarding shall be erected by 
the Contractor around the perimeter of each worksite.  

 
 The hoarding shall be erected once the Contractor takes charge of the 

worksite, prior to the commencement of any site work. 
 
 Unless otherwise stated in the Particular Specification the hoarding shall 
 be  constructed to the following standards. 
   
 The hoarding shall be continuous, except for the provision of gates at the 
 entrance and exit as accepted by the Engineer. 
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 Entrances and exits shall be suitably positioned to comply with the 

requirements of the relevant authorities and agencies. 
 
 Adequate warning signs accepted by the Engineer shall be posted at 

conspicuous locations on the hoarding to alert the public of the 
construction in-progress. Particular attention shall be given to exits for 
heavy machinery and vehicles leaving the site.   

 
 Each hoarding panel shall abut/overlap the next panel.  The height of the 

panel shall not be less than 2.1m with a gap no greater than 50 mm 
between the bottom of the panel and the ground. 

 
 The Contractor shall take the appropriate precautions to prevent fluid, 

slurry or other waste to pass under the hoarding from the worksite at any 
time. 

 
 The top of the hoarding shall be level and when erected on inclined 

ground it shall be stepped accordingly whilst not exceeding the maximum 
allowable gap at the base of the hoarding. 

 
 The hoarding shall be constructed of corrugated metal sheets which have 

been treated to prevent corrosion. 
 
 The corrugated sheet shall be erected so that the ridges are horizontal. 
  
 The posts shall be erected at centres of not greater than 2m, and shall be 

of adequate size and spacing to support the hoarding during all weather 
conditions. 

   
 The colour of the hoarding and all signage shall comply with the 

Authority’s requirements. 
 
 “Knockout panels” as described in Clause 11 of the General Specification 

shall be incorporated in the hoarding, where necessary. 
 
 When the hoarding is built adjacent to a public right of way the Contractor 

shall illuminate the outside of the hoarding using lights attached to the 
hoarding or shining over the top of the hoarding from within the worksite. 

 
 The lights shall be located at suitable centres to provide uniform lighting 
 
 The lights shall be of 110 volt supply and of a durable design with no 

sharp edges or protrusions. 
 All Lighting shall be of the same colour and shall not dazzle or confuse 

motorists. 
 
 Buildings, trees and structures shall not form part of the site boundary. All 

hoarding shall be erected in front of such structures, unless otherwise 
directed by the Engineer. 
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 All site hoarding shall be maintained and kept in good condition at all time. 
 
 The Contractor shall ensure the details of his hoarding are endorsed by a 

Professional Engineer and submitted to the Engineer for acceptance prior 
to the commencement of the installation. 

 
 
2.3 DEMOLITION 
 
2.3.1   Notice of Demolition 
 
 Before commencing demolition of any part of a structure, the Contractor 

shall obtain the necessary approval from relevant authorities and 
agencies.  He shall arrange for the termination, disconnection and the 
removal of all electrical, water and gas meters and other services, if 
necessary. 

 
2.3.2 Method of Demolition 
 
 The Contractor shall submit the method statement for the demolition to the 

Engineer before commencement of the work. The Contractor shall comply 
with the procedures and recommendations as detailed in SS CP 11. 

  
 The Contractor shall pull down the whole or part of the existing building or 

structure to ground level as required under the Contract.  Unless otherwise 
specified all hard-core or stone fillings up to 1.0 m below the existing 
ground level shall be removed. All obsolete concrete drains, foundations 
including pile caps (except piles), floors, paving, etc. shall be thoroughly 
excavated and the voids filled with approved fill materials, well compacted 
in layers of 300 mm thick and levelled to required levels. 

 
2.3.3 Protection of Adjacent Structures 
 
 The Contractor shall provide, erect, maintain and dismantle all necessary 

underpinning, shoring or other forms of support to safely protect all 
properties adjoining the property to be demolished.  The designs for such 
works shall be endorsed by a Professional Engineer and a copy of the 
designs shall be given to the Engineer for his acceptance.  The 
construction and efficiency of such supports shall be the entire 
responsibility of the Contractor.  Should any subsidence or any damage 
result from the inadequacy or inefficiency of the shoring or any other 
support provided, the damage shall be made good by the Contractor at his 
own expense. 

 
 Notwithstanding the provision to ensure the stability of the adjacent 

structure, instrumentation and monitoring shall be carried out by the 
Contractor during the demolition to ensure that measures provided are 
sufficient.  The Contractor shall furnish written monitoring reports at an 
interval to be agreed with the Engineer 
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2.3.4 Utilities and Services 
 
 All existing sewer mains and manholes shall be properly protected and all 

branch sewers from the building to be demolished shall be properly sealed 
off by a licensed plumber.  Director (Sewerage), Public utilities Board shall 
be notified in writing before commencing work. 

 
2.3.5        Grubbing of Foundations 
 
 In the event of grubbing up foundations or pile caps, the Contractor shall 

take all precautions to prevent soil disturbance to the surrounding 
foundations.  Should any subsidence, or any damage result, the damage 
shall be made good by the Contractor at his own expense. 

 
 
2.4 CONFINING OF WORKS WITHIN THE SITE 
 
 The Contractor shall be responsible for restricting his workmen only to the 

site under the Contract and shall prevent trespassing into adjoining 
properties and existing buildings in which work is not in progress.  He shall 
undertake properly, substantially and effectively to reinstate and make 
good all damages arising there from and shall indemnify the Authority 
against all claims for damages as no responsibility or liability whatsoever 
shall be undertaken by the Authority in respect of any of the foregoing. 

 
 
2.5   TREES, BUSHES, HEDGES, ETC. 
 
 The Contractor shall provide adequate protection to all trees, bushes, etc, 

to be preserved as requested by the National Parks Board or as directed 
by the Engineer. 

 
 No trees shall be felled, removed or cut without the prior approval of the 

National Park Board and only when directed by the Engineer. 
 

 When works are carried out near to trees, the Contractor shall inform 
National Parks Board prior to the commencement of the work. 

 
 The stump and root of felled trees shall be grubbed up immediately and 

removed from the site.  All empty tree holes or cavities shall be filled with 
approved material to the existing ground level and compacted to the 
satisfaction of the Engineer. 

 
 All shrubs, roots, lalang, etc. shall be removed by cutting and/or digging 

and removed from site. 
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2.6 TURF AND TOPSOIL 
 
 All topsoil and vegetable matter on the site shall be excavated to an 

average depth of 150mm unless otherwise specified or directed by the 
Engineer. The Contractor shall identify suitable locations to stack the 
topsoil on site subject to the acceptance of the Engineer. 

 
 The turf shall be cut in squares, approximately 300 x 300mm in size and 

be 50mm in thickness. 
 
 
2.7 DUMPING OF DEBRIS, ETC. 
 
 The disposal of materials and rubbish by burning on site or burying in the 

ground shall not be permitted under any circumstances. 
 
 The Contractor shall remove all rubbish on the site and in buildings under 

demolition to an approved dumping ground. 
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CHAPTER 3 
 

SURVEY AND SETTING OUT 
 
 
3.1 GENERAL 
 
 The Resident Surveyor shall be responsible for managing all aspects of 

surveying and setting out for the duration of the works. He shall prepare 
method statements for all aspects of survey work on site; each method 
statement shall include a risk analysis. He shall ensure that all surveys are 
conducted to the requisite accuracy with sufficient checks. Survey 
transparency, good record system and clear presentation of reliable 
information are expected at all times. 

 
 At the commencement of the Contract, the Contractor will be supplied with a 

set of Primary Control Markers. The Contractor shall check the accuracy of 
their position and level and shall immediately notify the Engineer of any 
discrepancies. The Contractor shall undertake all precautions to protect 
these markers and to re-establish any damaged marker at his own cost. 

   
 
3.2 SURVEY CONTROL 
 
3.2.1  Survey Markers 

 
 Survey Markers shall be durable, appropriate to location and intended use. 

Survey Markers shall be clearly identifiable and protected from construction 
traffic. For installation of a Survey Marker into reinforced concrete, the 
Contractor shall ensure that steel reinforcement bars are to be avoided. 
Either removable anchors or epoxy adhesive shall be used as the method of 
fixing.  

 
 Benchmarks are a particular type of Survey Markers used in the control of 

elevation. Benchmarks shall have a domed surface for unambiguous staff 
placement. Primary Benchmarks shall comprise a stainless steel bolt 
securely placed vertically into a concrete slab, or horizontally into a column. 
The protrusion shall not pose a safety hazard. 

 
 Survey Markers used for horizontal control shall have an unambiguous point 

above (or below) which a survey instrument can be precisely centred. The 
point shall comprise either a punchmark or the intersection of 2 lines 
forming a cross. Cross-headed road nail (75mm long) complete with a 
coloured washer shall generally be used as a Survey Marker.  

 
 In all tunnels, station boxes and shafts, a precision demountable survey 

table and back plate system (see appendix A) shall be installed 
progressively for carrying horizontal control. Survey brackets shall be used 
on the shaft walls. The precision demountable survey tables shall be 
mounted on back plates that are to be attached to the tunnel lining or shaft 
wall until after track laying is completed. Only upon written permission from 
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the Engineer can the back plates be removed and any holes made good. 
The distance between adjacent intervisible back plates shall not exceed 80 
metres. The minimum number of precision demountable survey tables 
required per tunnel drive is four. The back plate has been designed to 
accept LTA’s special precision-made gyro table. Survey tables shall be 
installed to ensure that the top flat surface of table is level in all directions to 
better than 1:150. Survey tables shall allow forced centring in the horizontal 
plane by means of a precision threaded 5/8" instrument insert. To prevent 
damage to optical plummets within tribrachs, the threaded portion shall be 
designed not to penetrate more than 12mm into a tribrach. The Contractor 
shall ensure safe access to any survey table installed. A suitable working 
platform complete with access ladder and handrail shall be provided. In the 
event that the working platforms were removed, the Contractor shall reinstall 
the platforms whenever needed by the surveyor. 

 
3.2.2  Control Observation, Adjustment and Presentation 
  
 Homogeneous horizontal and vertical survey control is required prior to any 

setting out. Survey control shall evolve from the whole to the parts. Where 
practical, all survey points within a horizontal survey control network shall be 
occupied and observed from. Forced centring techniques shall be used 
throughout. A round of angular observations shall comprise the mean of 
observations taken on both faces of the total station. A minimum number of 
4 rounds of horizontal and vertical angles shall be observed at each 
instrument set up. For control work, the angular spread of horizontal angles 
shall not exceed 3’’ of arc. Distances shall be measured in both directions. 
All raw data pertaining to each set up shall be electronically recorded. 

 
 Survey control shall include redundant observations. Observation networks 

shall be processed using the method of least squares adjustment and the 
resulting residuals to the observations shall be inspected for magnitude. Any 
large residuals or error ellipses shall be examined and appropriate remedial 
action shall be taken. 

 
 Precise levelling shall be double run using equal back and fore sights at 

each instrument set up. Levelling sights shall never exceed 30 metres. On 
the ground surface, the Contractor shall establish stable benchmarks 
adjacent to the site so that the distance between adjacent benchmarks does 
not exceed 250 metres. 

 
 Height datum transfer accuracy shall be better than 2mm in a 30m deep 

shaft. The transfer of height datum shall be by various independent means. 
 
 Azimuth transfer from surface to underground shall be better than 3“ of arc 

and point transfer shall be accurate to within 2mm. Such transfers shall be 
by various independent means. 

 
 At 3 monthly intervals, the Contractor shall conduct a complete survey of all 

existing survey control. A bound, A4 size survey control report shall be 
submitted to the Engineer for acceptance within 2 weeks of completing the 
field work. The convention adopted shall comprise Station Name, Easting, 
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Northing and Elevation reading from left to right. The entire control scheme 
shall be included in a single least squares adjustment. The report shall 
contain the following information: dates of survey, fixed survey control and 
values, specification of instrumentation used, calibration status of 
instrumentation used, observational acceptance criteria, list of final adjusted 
co-ordinates findings and conclusion. Attached to the report shall be the 
observations (A4 printout of electronic booking sheet or customised 
spreadsheet), adjustment with residuals and station error ellipses, table of 
differences in mm from previous co-ordinates and elevations (if applicable), 
a drawing clearly showing layout of scheme and measured quantities and 
final co-ordinates in tabular form. 

 
 
3.3 GENERAL SETTING OUT 
 
 The Contractor shall carry out a comprehensive level survey of the Contract 

area before any work commences on the site that may alter original ground 
levels. 

 
 Pre-computation shall be carried out prior to any setting out.  For rail 

projects, the effects of cant and throw shall be incorporated into pre-
computation wherever relevant. All pre-computation shall be readily 
available in a spreadsheet format for use on site. 

 
 The method of setting out for each particular element of the work shall 

commensurate with the required accuracy, the method of construction, and 
shall be appropriate for site conditions.  

 
 In the setting out process, all elevation transfer conducted by levelling 

shall start on an established benchmark and finish on a different 
benchmark. If a significant misclosure is detected, the reason shall be 
determined and the necessary corrective action taken.  

 
 After the erection of the formwork and prior to concreting, a survey check 

shall be carried out on the formwork to ensure that the setting out has been 
done correctly. 

 
 A spreadsheet shall be used in all instances to tabulate the difference (or 

offset) in mm between the actual set out (or as-built) co-ordinates from the 
design co-ordinates. In cases where the design is an alignment, offsets to 
the alignment shall be computed for each surveyed point. 

 
 
3.4 TUNNEL SHIELD PRE-LAUNCH SURVEY 
 
 The centre of the shield shall be driven to the design tunnel alignment. 

The tunnel alignment is not necessarily the same as the design track 
alignment. The Resident Surveyor shall obtain the track alignment and 
validate the tunnel alignment geometry and co-ordinates for all elements 
of the tunnel alignment. A list of co-ordinates (Easting, Northing & 
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Elevation) shall be generated at 1-metre chainage intervals along the 
length of the design tunnel alignment. 

 
 Permanent reference marks or prisms are to be suitably placed inside the 

shield typically on bulkheads, towards the front and rear of the shield. The 
permanent reference marks will be used later to determine the exact 
orientation and position of the shield in the ground. The extrados of the 
shield skin shall be accurately surveyed on site to determine circularity 
and diameter at the front, rear and mid sections. The permanent reference 
marks and the guidance system targets shall also be accurately surveyed 
concurrently to determine their position relative to the central axis of the 
shield.  A detail drawing together with the calculations showing the survey 
results is required. 

 
 The launch cradle rails, tunnel eye and seal ring shall be set out and 

checked prior to the shield being placed on the cradle. The contractor 
shall verify that the shield is correctly positioned on the cradle in 
accordance with the launch strategy and the design tunnel alignment. Any 
protrusion on the tunnel eyes shall be surveyed by the Contractor prior to 
the launching. 

 
 After installation of the guidance system, the Resident Surveyor shall 

determine that the design tunnel alignment is input correctly. It shall be 
clearly stated at what specific point of the shield the current co-ordinates 
output by the guidance system relate to (e.g. at the cutter head). The 
guidance system shall correctly output the current position and attitude of 
the shield. Independent manual surveys shall be conducted to first verify 
the absolute positional output of the guidance system. Regular checks 
shall then be conducted to ensure that the guidance system correctly 
indicates the position of the shield relative to the design tunnel alignment. 

 
 
3.5 TUNNEL SURVEY DURING CONSTRUCTION 
 
 Survey control (horizontal and vertical) shall be installed progressively 

along the tunnel as construction permits. Underground survey control shall 
be configured to achieve an accuracy of 10mm in 1000m for line and 5mm 
for 1000m in level in the breakthrough survey. The ring number shall be 
included in the naming convention for survey control points. The zigzag 
horizontal survey control configuration shall incorporate redundant 
observations whilst excluding lines of sight that graze the tunnel lining. 
During construction, the horizontal control shall generally be situated close 
to the tunnel axis level. Benchmarks shall be located at 30-metres 
intervals along the entire length of the tunnel and shall be situated above 
the 2

nd
 stage concrete level, on the opposite side of the permanent 

walkway. 
 
 As soon as it is practical, a base line greater than 100m in length shall be 

established from the shaft bottom into the tunnel. This base line shall be 
accurately surveyed several times from the surface by various 
independent means to determine the co-ordinates and azimuth for the 



MW/3/5 

May 2008  Materials & Workmanship Specification - Revision A8 

 

base line. Similarly a minimum of 3 benchmarks shall be installed in the 
proximity of the shaft bottom and vertical control accurately transferred 
several times from the surface by various independent means. The base 
line and the benchmarks shall then be held fixed to progress the survey 
control into the tunnel. 

 
 At 3 monthly intervals, the entire tunnel survey control scheme shall be re-

observed from the shaft bottom. All tunnel benchmarks shall be observed 
by precise levelling to determine any significant movements. The tunnel 
survey control shall be included in the survey control report. 

 
 When tunnel drive reaches 50% and 75% of its length, the survey control 

base line and the benchmarks shall be rechecked from the surface. 
Arrangements shall be made for the Engineer to check the underground 
azimuth by gyro readings. 

 
 During the early stages of each tunnel drive, intensive manual survey 

checks shall be made of the shield’s position and attitude by surveying the 
permanent reference marks inside the shield. At the same time, the 
automated guidance system shall be interrogated to obtain output of the 
shield’s position (shield’s vertical, and horizontal deviations from the 
design tunnel alignment at a particular chainage) and attitude (pitch, lead 
and roll measurements). The manual and automated shield positions shall 
be plotted together on the same graph with tabulation of the shield’s 
attitude, and forwarded daily to the Engineer. Any anomalies shall be 
identified, investigated and resolved. The above process shall be 
continued until complete confidence in the satisfactory behaviour of the 
automated guidance system is obtained.  

 
 Prior to any backup installation, each ring built shall be surveyed after it 

has emerged from the tail skin. Ring survey shall typically comprise eight 
3D survey points (accuracy of a point is typically ±5mm) taken on the 
leading edge of the ring at approximately the crown, invert, axis, knees 
and shoulder positions. Absolute levels of the invert and crown shall also 
be taken using a level and staff. The co-ordinates of the best-fit centre of 
the ring shall be calculated and the vertical and horizontal offsets 
determined from the design tunnel alignment. A ring shall be considered 
out of tolerance during tunnelling when the best-fit centre deviates by 
more than 60mm from the design tunnel alignment. The as-built position 
of the rings and the output position from the guidance system shall be 
plotted and analysed, and any correlation anomalies investigated and 
resolved. 

 
 If rings are built out of tolerance, return to alignment shall be at a rate not 

greater than 1mm per metre. 
 
 After backup installation, the positional checking of any type of guidance 

system requires manual survey to be carried out originating each time 
from proven survey control established behind the confines of the backup. 
Gyro-based guidance systems shall be surveyed and updated by manual 
survey on a daily basis. Total station based (all non-gyro systems) 
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guidance systems shall be thoroughly checked whenever the total station 
is moved forward. The Resident Surveyor shall ensure that any guidance 
system is correctly interpreting the true position and attitude of the shield. 
It shall be demonstrated by independent means that the generated 
guidance system offsets from the design tunnel alignment are correct. 

 
 As rings emerge from behind the backup, every alternate ring shall be 

comprehensively surveyed with a minimum of 8 number 3D points well 
distributed around the leading edge. Roll of each surveyed ring shall be 
determined. Ring survey shall take place progressively to ensure that no 
more than 200 metres of tunnel is required to be surveyed behind the 
back up at any one time. An additional 2-ring overlap of surveys is 
required between each survey and at each new instrument set up within a 
survey. The co-ordinates of the best-fit centre of the ring shall be 
calculated with the vertical and horizontal offsets determined from the 
design tunnel alignment. The as-built position of the rings and the output 
position from the guidance system shall be plotted and analysed. Any 
anomalies in correlation shall be investigated and resolved. The Resident 
Surveyor shall keep and maintain up-to-date graphical records showing 
the horizontal, vertical and radial offset of every surveyed ring relative to 
the design tunnel alignment. These graphs including data shall be 
produced and made available to the Engineer in soft copy upon request. It 
shall state clearly which revision of design track alignment the graphs refer 
to. The Contractor shall indicate on their submissions the clearances on 
the left shoulder, left knee and right knee in graphical records and values. 

 
 
3.6 WRIGGLE SURVEY 
 
 Upon completion of tunnelling, when a suitable breakthrough has been 

effected, the survey connection shall be made and the survey misclosure 
determined. A survey report shall be prepared detailing the final adjusted 
values for all the survey control to remain in the tunnel for the purpose of 
track laying. 

 
 A final as-built survey to determine the 3D co-ordinates of the tunnel lining 

at 8 points, well spaced around the circumference of the leading edge, of 
each alternate ring shall be carried out. The best-fit centre of the ring and 
its minimum radius shall be determined. The computed horizontal, vertical 
and radial offset of the centre of each surveyed ring relative to the design 
centre shall be plotted for the entire tunnel, giving an indication of potential 
out of tolerance zones. 

 
 A detailed analysis to determine that there is sufficient clearance between 

the structure gauge and the as-built surveyed tunnel lining for system wide 
installations is required. This check must be carried out for every surveyed 
ring or in cut and cover sections at 5m intervals, this shall also include 
station boxes. For as-built survey of the cut and cover sections and station 
boxes, all turning and intermediate points along the cross-sectional 
profiles shall be surveyed. 
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 The Contractor shall submit to the Engineer a detailed report (in hardcopy 
and softcopy on CD) for each completed tunnel drive. The report shall 
demonstrate in tabular format that the clearances on 3 critical points 
(shoulder opposite walkway, walkway and drain opposite walkway) have 
been achieved throughout the tunnel using the proposed design track 
alignment. The report shall include drawings to show typical cross-
sections of tunnel, structure gauge and clearances. Detailed cross-
sections shall be drawn for rings where clearances are not achieved. 
Rings shall be referenced by ring number, chainage and best-fit centre co-
ordinates. All out of tolerance areas shall be highlighted. The Contractor 
shall also make a clear presentation of the methodology, facts and 
findings to the Engineer. Each report shall be prepared and submitted to 
the Engineer within 6 weeks of tunnel breakthrough. 

 
 The Contractor shall carry out as-built survey of the top of 1

st
 stage 

concrete and demonstrate that it has been placed within tolerance. The 
survey shall comprise 3 points (left, centre and right) in 3-D co-ordinates 
across the tunnel at every alternate ring. The elevations shall be 
compared against design elevations at each surveyed point. All out of 
tolerance areas shall be highlighted. 

 
 The Contractor shall carry out accurate as-built survey of all platform 

edges, columns and any other structures to ensure that there is no 
infringement of the structure gauge. These surveys shall be conducted 
from proven survey control that is well established, using long base lines 
within depot or stations. The results shall be tabulated to show the offsets 
in mm relative to the design alignment and also the clearance or lack of 
clearance from the design. All out of tolerance areas shall be highlighted. 

 
 The Contractor shall propose to the Engineer any re-alignment necessary 

to accommodate out of tolerance situations. If the design alignment 
criteria cannot be met, these out of tolerance areas shall be reconstructed 
at the Contractors expense. 

 
 
3.7 MONITORING SURVEYS 
 
 Pre-analysis techniques shall be used to demonstrate that the required 

accuracy of any proposed monitoring scheme can be achieved. As a 
minimum requirement, the design of a monitoring scheme shall take into 
consideration the likely range of movements to be incurred, accuracy 
required, accessibility to the area of interest, instrumentation to be used, 
the use of any special accessories, frequency of monitoring, particular site 
conditions, safety, data collection/processing techniques, real time or post 
process, maintenance of the system, stability of the points of reference 
and the presentation format. A detailed method statement shall be 
submitted to the Engineer for acceptance before any particular monitoring 
scheme being implemented. 
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 All 2D and 3D monitoring schemes shall be co-ordinated on the Project 

grid and datum. All elevation monitoring shall be conducted on the Project 
datum. All monitoring points shall be clearly and unambiguously 
identifiable. All reference points shall be checked for stability prior to each 
use. A base set of readings shall be established at the start of each 
monitoring scheme. Base set shall comprise the average of three 
independent sets of readings. Monitoring reports shall be in tabular form 
including the base set of readings, and the relative movements in mm 
from the base readings for each subsequent set of observations taken. 
Graphical representation of movements against time shall be prepared for 
presentation purposes where required. If any agreed trigger levels are 
exceeded, the Engineer shall be notified immediately. 
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CHAPTER 4 
 

EARTHWORKS 
 
 

4.1 GENERAL 
 
 This Specification is applicable to all earthworks up to formation level. For 

road and railway works, formation level shall be the level on which the 
railway sub-ballast or road sub-base is laid.  

 
 Subgrade preparation for road works shall also be subject to the 

requirements of Chapter 10 Roadworks.  
 
 
4.2 CLASSIFICATION OF EARTHWORK MATERIAL 
 
 The following definitions of earthworks shall apply to this and other clauses 

of the Specification in which reference is made to the definitions: - 
 

(a) ‘Top Soil' shall mean the top layer of soil that can support vegetation. 

(b) ‘Suitable Material' shall comprise all that is acceptable in accordance 
with the Contract for use in the works and which is capable of being 
compacted in the manner specified in Clause 4.12 to form a stable fill 
having side slopes as indicated on the Drawings. 

(c) ‘Not Suitable Material' shall mean other than suitable material and shall 
include :- 

(i) material from swamps, marshes or bogs; 
(ii) peat, logs, stumps or other organic matter and perishable and toxic 

materials; 
(iii) material susceptible to spontaneous combustion. 
(iv) clay of liquid limit exceeding 80 and/or plasticity index exceeding 

55. 

(d) ‘Rock' shall mean hard material found in ledges or masses in its original 
position, which would normally have to be loosened either by blasting or 
by pneumatic tools, or if excavated by hand, by wedges and sledge 
hammers.  ‘Rock’ shall also include all solid boulders or detached pieces 
of rock exceeding 0.10 m

3
 in size in trenches or exceeding 0.20 m

3
 in 

general excavation 

(e) ‘Imported Rock Fill' shall be clean well-graded quarry waste provided by 
the Contractor from sources outside the Site. It shall be resistant to 
weathering, to the acceptance of the Engineer. The maximum size 
particles in the material shall pass through a rigid 200mm square grid 
and the largest dimension of any particle shall not exceed 300 mm.  The 
material shall not have more than 10% of its particles passing a 0.75mm 
BS sieve. 

(f) ‘Fill Material' shall mean Suitable Material for backfilling with the 
exception of Rock and Imported Rock Fill 
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(g) ‘Special Fill Material’ shall mean Suitable Material of which at least 95 
per cent shall pass a 125mm BS sieve and at least 90 per cent shall 
pass the 75mm BS sieve.  Up to 5 per cent of the material may be 
made up from isolated boulders of maximum dimensions not 
exceeding half the thickness of the layer of material being placed, 
provided that the fill can be compacted in the manner specified in 
Clause 4.12. 

 The coefficient of uniformity shall be greater than 10. The fraction 

passing a 75 µm BS sieve shall be less than 20% by weight and shall 
have the following characteristics: 

 
(i) liquid limit not exceeding 35 
(ii) plasticity index not exceeding 12 

 
(h) ‘Selected Fill' shall be well graded granular natural sands, gravel, 

crushed rock, crushed concrete, well burnt shale or other materials 
accepted by the Engineer. The material passing a 425 micron BS sieve, 
when tested in accordance with BS 1377, shall have a plasticity index of 
less than 6%. 

(i) ‘Imported Fill Material' shall be Fill Material supplied by the Contractor 
from a source outside the Site and accepted by the Engineer. 

 
For the purpose of Table 4.1 of Clause 4.12, materials are grouped as 
follows:- 
 
(a) ‘Cohesive Soil' includes clays and marls with up to 20 percent of gravel 

and having a moisture content not less than the value of the plastic limit 
(determined in accordance with BS 1377) minus 4. 

(b) ‘Well-Graded Granular and Dry Cohesive Soils' include clays and marls 
containing more than 20 per cent of gravel and/or having a moisture 
content less than the value of the plastic limit (determined in accordance 
with BS 1377) minus 4, and well-graded sands and gravel with a 
uniformity coefficient exceeding 10. 

 
(c) ‘Uniformly-Graded Material' includes sands and gravel with an uniformity 

coefficient of 10 or less, and all silts and pulverised fuel ashes. Any soil 
containing 80 per cent or more material in the particle size range 0.06 - 
0.002mm will be regarded as silt for this purpose. 

 
Naturally occurring materials within the Site that are Not Suitable due only to 
excessive moisture content may be spread and dried.  The use of material 
treated in this way shall be subject to the acceptance of the Engineer. 

 
 
4.3 EARTHWORK GENERAL 
 

The Contractor shall carry out all earthwork in such a manner as to 
prevent erosion or slips and shall limit working faces to safe slopes and 
height.  The Contractor shall ensure that all surfaces have at all times 
sufficient gradients to enable them to shed water without causing erosion. 
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 Hauling of material from cuttings or the importation of fill material to the 

embankments or other areas of fill shall proceed only when sufficient 
compaction plant is operating at the place of deposition to ensure 
compliance with the requirements of Clause 4.12. 

 
 Construction traffic other than that required for the excavation and trimming 

shall not use the surface of the bottom of a cutting unless the cutting is in 
Rock or the Contractor maintains the level of the bottom surface at least 
300 mm above formation level. Any damage to the sub-grade arising from 
such use of the surface shall be made good by the Contractor at his own 
expense with material having the same characteristics as the material which 
has been damaged. 

 
 The Contractor shall arrange for the rapid dispersal of water shed on to 

the earthworks or completed formation during construction, or which 
enters the earthworks from any source. Where practicable, the water shall 
be discharged into the permanent outfall for the pipe drainage system.  
Adequate means for trapping silt shall be provided on temporary systems 
discharging into permanent drainage systems. The arrangements shall be 
made in respect of all earthworks including excavations whether for pipe 
trenches, foundations or cuttings. 

 
 The Contractor shall provide where necessary temporary water courses, 

ditches, drains, pumping or other means of maintaining the earthworks 
free from water.  Such provision shall include carrying out the work of 
forming the cuttings and embankments in such a manner that their 
surfaces have at all times a sufficient minimum crossfall and, where 
practicable, a sufficient longitudinal gradient to enable them to shed water 
and prevent ponding. 

 
 Pumping shall not be regarded as meeting provisions of this Clause where 

a dumpling temporarily obstructs the free drainage of a cutting. In such 
circumstances the Contractor shall construct temporary drains to a 
suitable outfall or install the permanent drainage through the dumplings. 

 
 The Contractor shall take special care that naturally occurring materials 

within the site are not rendered unsuitable by his method of working. Areas 
of cuttings and excavation shall be so worked that rainfall is conducted 
rapidly away from the exposed material and at times of expected heavy rain 
that the cutting areas are protected by appropriate methods of working and 
drainage provisions.  If any material that was suitable in its original position 
is rendered unsuitable by the Contractor's method of working an equivalent 
volume of imported Suitable Material shall be provided by the Contractor at 
his own expense. 

 
 If the Contractor allows exposed material, which would provide a suitable 

surface for placement of fill when exposed, to reach a condition where 
compaction of backfilling is impracticable, he shall make good at his own 
expense either by additional excavation and filling in the manner specified 
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in this clause, or by waiting until the condition of the exposed material is fit 
to receive the approved backfill. 

 
 All Top Soil (including turf) shall be removed from the areas of cuttings and 

embankments.  Top Soil shall also be removed from existing embankments 
required to receive paving or additional fill and from areas of new ditches 
and watercourses.  All removed Top Soil shall, where practical, be 
stockpiled for re-use to soil slopes of cuttings, embankments, berms, 
verges, reserves and for the provision of beds for the cultivation of trees and 
shrubs. 

 
 The Contractor shall make his own arrangements for stockpiling of Top Soil 

and/or Suitable Material, and for the provision of appropriate areas for the 
purpose. 

 
 All excavated Suitable Material together with the surplus from the trenches 

and foundation pits after backfilling shall, where possible, be incorporated in 
the Works and the Contractor shall programme his work to ensure that all 
possible material can be utilised. No excavated Suitable Material which 
could subsequently be utilised in the works shall be removed from the Site 
except on the direction or with the permission of the Engineer.  Should the 
Contractor be permitted to remove Suitable Material from the Site to suit his 
operational procedure, then he shall make good at his own expense any 
consequent deficit of filling arising therefrom. 

 
 Surplus excavated materials arising from excavation and not required for 

filling shall become the responsibility of the Contractor who shall remove 
such surplus away from the site. 

 
 Where the excavation reveals a combination of Suitable and Not Suitable 

Materials the Contractor shall, unless otherwise agreed by the Engineer, 
carry out the excavation in such a manner that the Suitable Materials are 
excavated separately for use in the Works without contamination by the Not 
Suitable Materials. 

 
 The use of Top Soil shall be restricted to surface layers in positions not 

subjected to loading by track, pavements or structures. 
 
 
4.4 EXCAVATION GENERAL 
 
 Excavation shall be carried out to the dimensions, lines, levels and slopes 

as indicated on the Drawings. If the Contractor excavates deeper than the 
depths shown on the Drawings or as instructed by the Engineer, then he 
shall fill in such excessive depths with acceptable materials to the 
satisfaction of the Engineer. 

 
The bottom of all excavations shall be free from mud and water, trimmed 
clean, protected from the effects of weather and thoroughly compacted 
and consolidated by approved manners and means. 
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The Contractor shall be responsible to excavate the top 1m of soft or 
defective soil below the formation level and backfill with Suitable Material. 
Such backfill shall be well compacted in layers of accepted thickness. 

 
Brick and concrete foundations to building structures removed during 
excavation may be incorporated in fill areas, subject to the acceptance of 
the Engineer.  All such material together with any brick or concrete site 
clearance material permitted by the Engineer shall be regarded as rock fill to 
which the requirements of Clause 4.2 and Clause 4.12 apply. 

 
 
4.5 CUTTINGS AND CUT SLOPES 
   
4.5.1 General 
 

Unless otherwise specified, no portion of the earth cutting shall vary from 
the specified or ordered formation level by an amount exceeding 150mm.  
In the case of cut slopes, no portion of the completed slope shall vary by 
an amount exceeding 100mm (measured at right angles to the slope).  

 
In all cuttings, whether in earth or rock, undulations in the general plane of 
the slope will not be permitted. 

 
Unless otherwise specified, excavation in rock shall extend to at least 
150mm below the specified formation level and backfilled with approved 
materials. 

 
Any overhanging, loose or unstable material, shall be removed. 

 
The excavation shall be so arranged that the working areas are 
adequately drained throughout the period of construction. 

 
In cutting where the strata consists of earth overlaying rock which is 
required to be cut to a slope of 1 (H) : 2 (V)  or steeper, the face of the 
rock shall be given its appropriate slope up to the junction of the rock and 
earth and the latter shall be stripped to form a bench 900mm wide and 
sloped to the gradient as specified. 

 
4.5.2 Shotcrete To Exposed Slopes  
 

Shotcrete shall be applied to form a skin protection on slopes where 
specified on the drawing to prevent erosion and weathering. 

 
 The minimum thickness and characteristic strength of the shotcrete shall 

be 50 mm and 10MPa respectively.  The shotcrete should be applied on 
an exposed slope face as soon as possible, but no later than 24 hours 
after cutting. 
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 The design mix of the shotcrete shall be such that it is pumpable and the 

end product will adhere to the slope surface. The water cement ratio shall 
be 0.4 to 0.5 and the minimum cement content shall be 400kg/m

3
.  

Suitable admixtures may also be added. 
 
 In order to provide for drainage of the slope surface, weepholes shall be 

provided through the shotcrete and 200mm into the soil or rock at 3m 
intervals in both horizontal and vertical directions. 

 
 
4.6 REMOVAL OF ROCKS AND OTHER BLASTING 
 
 Should rock be met in the course of excavation, it shall be removed by 

approved means. 
 
 The written consent of the Engineer shall be obtained on each occasion the 

Contractor wishes to use explosives.  If explosives are to be used, the 
Contractor shall obtain all necessary licences from the appropriate 
authorities and shall conform to all Government regulations relating to 
transport, storage, handling and use of the explosives and shall also 
conform to the rules set out by the Officer-in-Charge of Arms and 
Explosives. 

 
 The Engineer shall be fully informed by the Contractor as to the steps and 

precautionary measures taken to safeguard the surrounding properties. The 
Contractor shall be liable for any accident, damage or injury to any person 
property or thing, resulting from the use of explosives.  When blasting is 
proposed to be carried out, the Contractor shall determine the danger 
zone likely to be created and ensure that no damage is caused to persons 
or property on or off site. Prior to commencing blasting operations a written 
report listing any existing defects in the structures in the zone which may be 
affected, supported by photographs where necessary, shall be submitted to 
the Engineer by the Contractor. 

 
 When blasting operations are being carried out, any road affected shall be 

closed to traffic and the appropriate signs shall be erected in accordance 
with the latest “Code of Practice for Temporary Traffic Control” published 
by the Land Transport Authority. 

 
 The Contractor shall comply with the requirements of BS 6657 in respect of 

the use of electrical detonators in the vicinity of static and mobile radio 
transmitters including normal radio and television broadcasting stations and 
radar units associated with aircraft movements. 
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4.7 EXCAVATION OF PITS AND TRENCHES 
 
 Where required by the nature of the materials to be excavated, the 

Contractor shall provide all necessary planking, strutting and shoring 
required to uphold the face of the excavation and any necessary stagings. 
The Contractor shall be responsible for the design, supply, fixing and 
removal of all planking and strutting required.  The planking and strutting 
shall be of sufficient strength to resist all anticipated loadings, to ensure 
the safety of the workmen and to prevent damage to any adjoining 
property. 

 
 Alternatively, subject to the prior acceptance of the Engineer, the face of 

the excavation may be suitably battered. 
   
 The bottom of all excavations shall be to the correct levels as shown on 

the Drawings.  Any over-excavation of foundation pits or trenches below 
the specified levels shall be filled with grade 15 concrete to the specified 
levels.  Any pocket of soft material or loose rock in the bottoms of pits and 
trenches shall be removed and the resulting cavities and any large 
fissures filled with Grade 15 concrete or otherwise with Suitable Material.  
After the placing of any such concrete, no trimming of the side faces shall 
be carried out for 24 hours. 

 
 No greater length of trench shall be excavated at any one time unless 

accepted by the Engineer.  All surplus spoil shall be removed immediately 
on excavation and stacked spoil for filling shall be kept tidy at all times. 

 
 All excavated materials from such excavations not required for refilling 

shall be disposed of in accordance with the requirements of the Contract. 
 
 
4.8 BACKFILLING OF PITS AND TRENCHES 
 
 Unless otherwise shown on the Drawings, all filling for this purpose shall 

consist of Suitable Material as defined in Clause 4.2, deposited and 
compacted by approved plant in accordance with Clause 4.12.  Timber 
sheeting and other excavation supports shall be carefully removed as the 
filling proceeds except where they are required by the Contract to be left in 
position. The removal of such supports will not relieve the Contractor of his 
responsibilities for the stability of the Works. 

 
 
4.9 FILLING GENERAL 
 
 Filling works shall include the preparation and compaction as specified 

under Clause 4.12. 
 
 All filling material, whether placed and/or compacted or awaiting placing 

and/or compaction which, in the opinion of the Engineer does not comply 
with this Specification or has been damaged by weather or in any other 
way, shall be removed and replaced at the Contractor’s expense. 
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 When the state of the weather is such that, in the opinion of the Engineer, 

it would adversely affect the placing of specially compacted fill, all such 
work shall be stopped. 

 
 End tipping of fill shall not be permitted except in special circumstances 

and then only with the acceptance of the Engineer.  The end-tipped 
material shall be compacted to the requirements as specified in Clause 
4.12. 

 
 
4.10 FOUNDATION FOR FILLS 
 
 Unless otherwise specified, the natural ground over which filling is to be 

placed shall be cleared of all loose boulders, grass, topsoil, bushes, trees, 
roots and other vegetation.  Material shall be removed to such depths and 
over such areas as are acceptable to the Engineer, and shall be disposed of 
in a manner depending on its nature and condition at the time.  The 
resultant excavation shall be backfilled with Suitable Material as defined in 
Clause 4.2, deposited and compacted as specified in Clause 4.12. 

 
 Before the placing of fill commences any overhanging rock ledges or 

caves within the area to be filled shall be removed. 
 
 The construction of any section of a fill shall not commence until the 

formation for that section has been accepted by the Engineer. 
 
 Where shown on the Drawings, Imported Rock Fill shall be placed directly 

on naturally occurring Not Suitable Material.  The Rock Fill material shall be 
deposited and compacted so as to comply with the requirements of Clause 
4.12 for the compaction of Rock. 

 
 In circumstances where backfill has to be deposited below standing water 

the Contractor shall use only Imported Rock Fill as defined in Clause 4.2.  
Such material may be deposited below water without the associated use of 
compaction plant. 

 
 
4.11 EMBANKMENTS AND FILL SLOPES 
 
 Embankments and other areas of fill shall be formed of Suitable Material as 

defined in Clause 4.2, taken to include imported Fill Material, Rock and 
Imported Rock Fill.  Additionally, when permitted by the Engineer, material 
including imported material, which is wetter than the appropriate limit may 
be incorporated after drying, in accordance with Clause 4.2. 

 
 All earthworks material placed in or below embankments, below formation 

level in cuttings or elsewhere in the Works shall be deposited and 
compacted as soon as practicable after excavation in layers of thickness 
appropriate to the compaction plant used as permitted in Table 4.1 of 
Clause 4.12. Except where staging arrangements render it impracticable, 
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embankments shall be built up evenly over the full width and shall be 
maintained at all times with a sufficient camber and a surface sufficiently 
even to enable surface water to drain readily from them. During the 
construction of embankments the Contractor shall control and direct 
construction traffic uniformly over their full width. Damage to compacted 
layers by construction traffic shall be made good by the Contractor at his 
own expense. 

 
 Compaction of embankments and other areas of fill shall be undertaken to 

the requirements of Clause 4.12. 
 
 If the material deposited as fill subsequently reaches a condition such that it 

cannot be compacted in accordance with the requirements of the Contract, 
the Contractor shall as directed or accepted by the Engineer either:- 

 
(a) make good by removing the material off the embankment and replacing 

it with Suitable Material; or 
 
(b) make good the material by mechanical or chemical means to improve 

its  stability, or 
 
(c) cease work on the material until its physical condition is again such that 

it can be compacted as required. 
 
 Rock used in rock fill embankments shall, except for any specified external 

cover to slopes or within 500mm of formation levels, be of such size that it 
can be deposited in horizontal layers each not exceeding 450mm loose 
depth and extending over the full available width of the embankment.  
Material shall be spread and levelled by a crawler tractor weighing not less 
than 15 tonnes and compacted in accordance with Clause 4.12. Each layer 
shall consist of well-graded rock and all surface voids shall be filled with fine 
graded materials before the next layer is placed.  The top surface and side 
slopes of embankments so formed shall be thoroughly blinded with 
approved fine graded material to seal the surface.  Such material may on 
side slopes and verges be Top Soil as defined in Clause 4.2. 

 
Isolated boulders each within the range 0.02m

3
 to 0.10m

3
 in size may be 

incorporated in earth embankments provided that the specified compaction 
requirements are met and no stone exceeding 0.02m

3
 shall be placed less 

than 0.5m below the top of the embankment fill. 
 
In constructing embankments up to and over culverts, pipe drains and 
bridges, the Contractor shall bring the embankments up equally on both 
sides.  The requirements of Clause 4.13 shall also be applicable. Filling may 
proceed over widths less than the full width of the embankment and in steps 
not exceeding the depth of one layer above the adjoining area of fill. 
 
If the Contractor wishes to use the surface of embankments for construction 
traffic before trimming to formation level, he shall bring up and maintain the 
area to a level not less than 150mm above formation level, whereupon 
construction traffic will be allowed to use the surface so formed, but any 
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damage to the subgrade caused by the use of such surface shall be made 
good by the Contractor at his own expense. 
 
In areas of shallow filling where after any removal of Top Soil the ground 
level is within 300mm of formation level, construction traffic shall not use the 
surface unless the Contractor brings up and maintains the surface level at 
least 300mm above formation level.  Any damage to the subgrade arising 
from such use shall be made good by the Contractor at his own expense 
with material having the same characteristics as the damaged material. 
 
The slope faces of embankments or other fill areas shall be formed by 
overfilling, cutting back and trimming neatly to the determined profile. 
 
The designed embankment slopes shall be reviewed by the Contractor to 
take account of the actual nature of the fill material, and shall be adjusted 
to if necessary to the acceptance of the Engineer.   
 

When completed, the average planes of the slopes of embankments shall 
conform to those shown on the Drawings or otherwise determined. No 
point on the completed slope shall vary from the required slope by an 
amount exceeding 150mm measured at right angles to the slope. 
Undulations in the general plane of the slope shall not be permitted. 

 
 
4.12 COMPACTION OF FILL 
 
4.12.1 General 
 

All materials shall be compacted in layers as soon as practicable after 
deposition. 
 
Before commencing any filling, each class of material to be compacted 
shall be tested by an acceptable laboratory to establish the maximum 
value of the dry density that can be obtained and the optimum moisture 
content for compaction.  Testing shall be in accordance with BS 1377. 
 
Table 4.1 of Clause 4.12.2 may be used as a guide in establishing 
appropriate in-situ compaction methods. The depth of each compacted 
layer shall be compatible with the compaction plant used and shall not be 
greater than the maximum depth of compacted layer specified for each 
type of compaction plant.  Earthmoving plant will not be accepted as 
compaction equipment.  Variations from the methods given in this table, or 
the use of plant not included therein, will be permitted only if the Contractor 
demonstrates to the satisfaction of the Engineer at site trials that the 
required field density will be achieved. 
 
The method of compaction being used must produce a compacted fill 
material having a field density of at least the following percentage of the 
maximum dry density previously established for that material: 
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(a) 95% in the case of material within 500mm of formation level 
 
(b) 90% in the case of material more than 500mm below formation level 

 
Notwithstanding compliance with Table 4.1, the Contractor must verify by 
site tests that the required field density is being achieved and make any 
adjustments to his compaction methods, which may be necessary. 
 
Field density shall be determined by in-situ tests in accordance with 
BS 1377. Each layer of fill shall be tested and accepted by the Engineer 
prior to the placing of the next layer. At least 3 in-situ field density tests 
shall be carried out for every 300m

2
 or less of surface area of each 

compacted layer. In-situ field density tests shall be carried out by Sand 
Replacement Method or Water Displacement Method in accordance with 
BS 1377.  
 
The moisture content of the in-situ material during compaction shall be 
maintained as close to the optimum moisture content as possible. If 
necessary, this shall be adjusted by wetting or drying on site to enable the 
required in-situ field densities of the fill material to be obtained 
consistently. 
 
When materials of widely divergent characteristics are used in 
embankments and fill areas they shall be spread and compacted in 
separate clearly defined areas in such a manner as to comply with the 
requirements of this clause. 
 
If more than one class of material is being used in such a way that is not 
practicable to define the areas in which each class occurs, compaction plant 
shall be operated as if only the material which requires the greatest 
compaction effort is being compacted. 
 
The following requirements are applicable to Rock used as fill material. 
Each layer of Rock used as rock fill in embankments shall be spread and 
levelled in accordance with Clause 4.11 and systematically compacted by at 
least 12 passes of a towed vibratory roller with a static load per metre width 
of roll of at least 1800kg or a grid roller with a load per metre width of roll of 
at least 8000kg or other approved plant. Where, however, the rock contains 
sufficient soft material for satisfactory compaction to the requirements of 
Table 4.1 for well graded granular soil, the fill shall be compacted to the 
latter requirements. 
 
In order that the Engineer may make proper provision for the supervision of 
compaction in the permanent work, the Contractor shall, not less than 24 
hours before he proposes to carry out compaction processes during periods 
of overtime, apply in writing to the Engineer for permission to do so. 
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4.12.2 Compaction by Mechanical Plant 
 

Table 4.1 gives requirements for compaction of soil by mechanical plant. 
This table is to be read in accordance with the following definitions: 

 
(a) The depth of compacted layer is the height by which an 

embankment is raised by each successive compacted layers. 
  
(b) The number of passes is the number of times that each point on 

the surface of the layer being compacted has been traversed by the 
compaction plant (or struck in the case of power rammers or 
dropping weight compactors).   

 
The effective width of a pneumatic-tyred roller, for this purpose, is 
the sum of the widths of the individual wheel tracks together with 
the sum of the spacing between the wheel tracks provided that 
each spacing does not exceed 230mm.  Where the spacing 
exceeds 230mm the effective width shall be taken as the sum of 
the widths of the individual wheel tracks only. 

 
(c) The force per 100mm width of roll is the total weight on the roller 

divided by the total roll width.  Where a smooth-wheeled roller has 
more than one axle the machine shall be assessed on the basis of 
the axle giving the highest value of force per 100mm width. Wheel 
load is the total weight of the roller divided by number of wheels. 

 
(d) Tamping rollers are machines with a roll or rolls from which 'feet' 

project.  The projected end area of each 'foot' shall exceed 0.01m
2
 

and the sum of the areas of the feet shall exceed 15 per cent of the 
area of the cylinder swept by the ends of the feet.  The requirements 
for tamping rollers apply to machines that have 2 rolls in tandem.  If 
only one tamping roll traverses each point on the surface of the layer 
on any one pass of the machine, the minimum number of passes 
shall be twice the number given in Table 4.1. 

 
(e) Vibratory rollers are self propelled or towed rollers having means of 
 applying mechanical vibration to one or more rolls. 

 
The requirements for vibratory rollers are based on the use of the 
lowest gear on a self propelled machine and a towing speed of 
1800 - 2400m/hr for a towed machine.  If higher gears or speeds 
are used, an increased number of passes shall be provided in 
proportion to the increase in speed of travel. 

 
 Where the mechanical vibration is applied to two rolls in tandem, the 

minimum number of passes shall be half the number given in Table 
4.1 for the appropriate mass per metre width of one vibrating roll.  If 
one roll differs in mass per metre width from the other the number of 
passes shall be calculated as for the roll with the smallest value.  
Alternatively the machine may be treated as having a single vibrating 
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roll with a mass per metre width equal to that of the roll with the 
higher value. 

 
 Vibratory type rollers operating without vibration will be classified as 

smooth wheeled rollers. 
 
 Vibratory rollers shall only be operated with their vibration 

mechanism operating at the frequency of vibration recommended 
by the manufacturers.  All such rollers shall be equipped with a 
device automatically indicating the frequency at which the 
mechanism is operating. 

 
(f) Vibrating-plate compactors are machines having a base plate to 

which is attached a source of vibration consisting of one or two 
eccentrically weighted shafts. 

 
The static pressure under the plate of a vibrating-plate compactor is 
calculated by dividing the total weight of the machine in working 
order by the area in contact with compacted material. 
 
Vibrating-plate compactors shall be operated at the frequency of 
vibration recommended by the manufacturer.  They shall normally 
be operated at travelling speeds of less than 900m/hr but, if higher 
speeds are necessary, the number of passes shall be increased in 
proportion to the increase in speed of travel. 

 
(g) Vibro-tampers are machines in which an engine-driven 

reciprocating mechanism acts on a spring system, through which 
oscillations are set up in a base plate. 

 
(h) Power rammers are machines which are actuated by explosions in 

an internal combustion cylinder, each explosion being controlled 
manually by the operator. 

 
 In the case of power rammers and dropping weight compactors one 

pass will be considered as made when the compacting, shoe has 
made contiguous strikes on the whole of the area to be compacted. 

 
(i) For items marked with an asterisk (*), the rollers shall be towed by 

track-laying tractors.  Self-propelled rollers are unsuitable. 
 
(j) Where combination of different types of categories of plant are 

used, the compaction requirements shall be: 
 
 -  The depth of layer shall be that for the type of plant requiring 

the least depth of layer. 
 - The number of passes shall be that for the type of plant 

requiring the greatest number of passes. 
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 However, where the Contractor uses a lighter type of plant to 

provide some preliminary compaction only to assist the use of 
heavier plant, this shall be disregarded in assessing the above 
requirements. 

 
 
4.13 FILL ADJACENT TO BRIDGE ABUTMENTS, CULVERTS, RETAINING 

WALLS AND UNDERGROUND STRUCTURES 
 
 Where structures against which backfill is to be placed have weepholes, a 

filter drain layer shall be provided.  The filter drain shall consist of clean, 
hard and durable broken stones or hardcore conforming to the grading 
specified in Table 4.2.  The larger stones shall be placed adjacent to the 
weepholes and the smaller particles behind and above the larger particles. 

 
 The filter drain shall extend horizontally across the whole width of the 

structures.  Unless otherwise stated, it shall have a width of 300mm and 
shall vertically cover every weephole by at least 300mm. 

 
 Where a waterproofing membrane system is being applied progressively 

up an external wall of an underground structure, backfill shall not progress 
above a level 500mm below the top of the membrane at any stage, until 
the next section of the membrane above has been applied and bonded to 
the stage in question. 

 
 Within the limits defined in Table 4.3, adjacent to all structures, Special Fill 

Material as defined in Clause 4.2 shall be provided.  Fill shall be placed in 
horizontal layers of thickness appropriate to the compacting plant used 
and shall be compacted with care to the density specified in Clause 4.12 
for fill material. 
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