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ABBREVIATIONS 
 
 AC – Advisory Circular 
 AS – Australian Standard 
 ASTM – American Society for testing of Materials 
 CAA – Civil Aviation Authority 
 CBR – California Bearing Ratio 
 Ch – Chainage 
 DCP – dynamic cone penetrometer 
 MDD – multi-depth deflectometer 
 MID – Ministry of Infrastructure Development 
 PPTA – project preparatory technical assistance 
 SI$ – Solomon Islands dollar 
 
 

WEIGHTS AND MEASURES 
 
 cm – centimeter  
 kg – kilogram 
 km – kilometer 
 kPa – kilopascals  
 kN – Kilonewton  
 l – little  
 m – meter 
 m2 – square meter  
 Mm – millimeter  
 MPa – Megapascals  
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I. SUMMARY FACT SHEET 

Province/Island Western Province 

Location 

Nusatupe Island approx. 2 km east from the Gizo 
Island 

8o 05’ 54’’S; 156o 51’ 51’’ E 

Project Airstrip upgrading  

Connectivity Ferry service from airport to the main Gizo island 

Existing structure type Coral stone pavement 

Existing In operable condition 

Annual traffic 
2,100-2,200 flight movements per annum (2,190 
in 2009) 

Potential traffic 2,500 by year 2025 

Estimated traffic growth Approximately 1.0% p.a. 

Proposed Improvement 
Rehabilitation of runway structure and adding 
bituminous surfacing 

Design life 30 years  

Estimated Cost $ 1.29 million + 15%  

 
 

II. INTRODUCTION 

1. This subproject is to upgrade the existing airstrip and provide a bituminous surfacing to a 
standard suitable for all weather service. 
 
2. No previous surveys or engineering investigations were carried out concerning the 
airstrip. 
 
3. This project preparatory technical assistance (PPTA) project aims to establish a uniform 
methodology for a multi-criteria analysis to prioritize transport infrastructures including roads, 
wharfs and airstrips. This project has been identified to serve as a sample subproject. 
 
4. This paper documents the findings of a technical investigation and survey and produces 
preliminary design; proposal of works with an initial cost estimate to upgrade the Gizo airstrip. 
 
 

III. DESCRIPTION OF THE SAMPLE AIR SUBPROJECT 

A. Location and Project Site 

5. The airstrip subproject for evaluation is Gizo airstrip, located on Nusatupe Island 
approximately 2.0 km west of Gizo Township in the Western Province. The location of the 
Airstrip is shown in Figure 1 and the project site in Figure 2. 
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Figure 1: Gizo Airstrip Location 

 
 

Figure 2: Airstrip Site 
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B. Existing Conditions 

1. The Airstrip 

6. The Gizo (Nusatupe) airstrip, built in 1962, consists of a runway with declared overall 
dimension of 1,100 m long x 30 m wide. Its effective serviceable area is about 8,000 m long and 
14 m wide.  
 

Figure 3: Overview of Airstrip 

 
 

7. Aircrafts presently using this airstrip include the Twin Otter, Britten Norman and Dash-8 
aircraft types. The airstrip length (and current width) limits its use, i.e. it cannot be used by 
bigger airplanes like ATR and Boeing 737. The airstrip has approximately 2,200 flight 
movements per annum. Approximately 3% of the total flights are chartered flights. Total number 
of passengers carried per year is between 14,500 and 15,000. The 2009 total passenger figure 
was recorded to be 14,632. International flights to the airstrip as such are possible, as 
customs/immigration services can be arranged when necessary.   
 
8. Based on the recorded passenger amount statistics provided by the Civil Aviation 
Authority (CAA), the estimated potential passenger growth rate is conservatively estimated to be 
approximately 1.0% p.a. 
 
9. Currently, the airport operates only during daylight hours as there is no lighting for night-
time navigation. The airstrip is unattended during non-operating hours and as there is no 
security fencing, persons and domestic animals have easy access to the runway. 
 
10. The existing runway is in a fair riding condition during good weather conditions. 
However, in wet weather, the pavement is slippery due to water ponding and algae formed on 
the coral stone pavement surface.  
 

2. Drainage 

11. There are no storm water drains at the edges of the pavement. Storm water runs off the 
pavement surface to the shoulders and discharges into the sea. The runoff efficiency depends 
on the crossfall of the runway surface. There are places on the runway where water ponds after 
heavy rainfall. Although labor based routine maintenance has been carried out on the airstrip, 
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some serious surface drainage problems have developed due to rutting of the runway wearing 
course. 
 

Figure 4: Water Ponding 

 
 

3. Pavement Surface 
 
12. The pavement surface was constructed of coral stones and compacted to provide a hard 
wearing course. However, in recent years during the wet season, water lodged in the voids in 
the coral aggregate has caused the formation of algae which makes the pavement surface 
slippery. There is evidence that some potholes have been caused by water entering the runway 
structure due to neglected maintenance efforts in the past. The new maintenance contractor 
who presently lives on the Island appears to have undertaken a reasonable effort in filling the 
pot holes with manual compaction and having the vegetation trimmed regularly. 
 

Figure 5: Surface Deterioration 

 
 

13. There is an abundant supply of coral stones for maintenance from a hill adjacent to the 
terminal building, remnant of a cutting when the runway was originally built. 
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Figure 6: Coral Stones 

 
 
14. No geotechnical survey was carried out for this evaluation. Based on observation, the 
base course of the runway appears to be in a fair in-tact condition. Some borehole tests will be 
required in connection with the detailed design of the airstrip upgrading. 
 
15. Due to severe storms (including a tsunami) that have occurred in recent years and the 
excessive cutting of trees and shrubs, some erosion has appeared in the embankment on the 
north-western side of the island. This does not post immediate threat to the airstrip and the 
runway operation but should require attention as part of the upgrading works. The previously 
installed gabion retaining wall has been destroyed due to lack of maintenance. 
 
16. The existing high tide level is approximately 1.0 m below the runway surface in the 
north-western end and approximately 3.0 m below the runway surface in the south-eastern end.  
 

4. Apron and Taxiway 

17. The apron and taxiway are in similar condition as the runway except that there are soft 
spots and rutting caused by aircraft wheels. Ponding of water occurs after heavy rainfall due to 
insufficient drainage. 
 

5. Auxiliary Structures 

18. There are two jetties on the Nusatupe Island where the airstrip is located: One on the 
western side of the island (commercial) Ch 400 providing regular passenger ferry services 
between the airport and Gizo Island, and the other (private wharf) on the eastern side of the 
island at approximately Ch 900 used by occupants of a local clam industry and research centre. 
The ferry jetty on the western side is in a poor condition and has once been destroyed by 
storms. A new wharf adjacent to the existing wharf is currently under construction under the 
Emergency Assistance project,1 and is due for completion in November 2010.  
 
 
 
 
 
 
                                                 
1 ADB. 2006. Report and Recommendation of the President to the Board of Directors on a proposed Grant to 
Solomon Islands for the Emergency Assistance Project. Manila (Grant 0078). 
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Figure 7: Condition of Jetty 

 
 
19. The aerodrome terminal building is in a reasonably good condition and does not require 
any immediate renovation. However, it would require some extension to include check in and 
luggage handling facilities as well as better weather protection when night time operations 
occur.  
 

Figure 8: Condition of Aerodrome Terminal Building 

 
 
20. The airstrip markers appear to be in fair conditions although surface cracks have 
developed on some markers and all would require a coat of fresh paint.  
 

Figure 9: Airstrip Maker 
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C. Surveys 

21. A topographic survey of the airstrip was carried out on 23-24 July 2010. The survey 
provides both transverse and longitudinal profiles of the airstrip at close intervals. The existing 
topographic profiles produced by the survey are included in the Attachment 1 of this paper. 
 
22. The pavement levels taken indicated that the centre line has varying levels. At zero 
chainage (Ch) from the northern end of the runway, the centre line level is approximately 2.62 m 
above the sea level. This level rises to a maximum of 5.12 m at Ch 400 and drops to 3.30 m at 
Ch 750 which is approximately constant to Ch 950 and gradually rises to over 5.00 m at Ch 
1,100 and drops abruptly towards the end of the island. 
 
23. Concern has been expressed by Dash-8 pilots of the sudden hump near the centre of 
the runway, causing imbalance of the aircraft when taking-off. While small crafts such as the 
Twin Otter may not be affected, for the larger aircrafts the hump poses problems.  
 
24. The topographic survey at every 100 m shows an average crossfall of between 1.0 and 
2.0%. 
 
D. Project Objective 

25. Gizo airstrip serves the second largest tourist destination area (after Honiara) and has 
the potential of providing direct international flights from neighboring Island countries. Gizo 
Island is one of the most popular destinations for tourists visiting Solomon Islands and is also 
popular with local holiday makers. The number of tourist visits has significantly increased in 
recent years leading to increased flight frequencies between Honiara and Gizo. It has been the 
desire of the CAA to maintain the serviceability of the Gizo airstrip to ensure a reliable 
passenger service without major interruptions due to adverse weather conditions. The CAA 
desires that this airstrip can also be used for night time service, at least in emergency situations. 
 
26. The proposed upgrading works should be done in a shortest possible time period (1.5-2 
months), and preferably outside the busiest tourism season.   
 
27. As the airstrip is located on an island with overall length not much greater than the 
existing airstrip, there is no feasible opportunity to physically extend the existing runway. 
 
28. The main objective of this subproject is therefore to upgrade the existing airstrip with an 
all-weather sealed runway and facilitate night time operations. 
 
E. Proposed Works 

29. Two options have been considered for upgrading the Gizo airstrip: 
 
30. Option A envisages a bituminous surfacing with double seal coats on the existing coral 
stone base which will be scarified and reshaped and compacted to the specified design level. 
The proposed works will cover the following: 

(i) Excavate surface material of the runway to a width of 25m and scarifying 
pavement base course to a depth of 150 mm, (see also Section IV D for 
pavement foundation requirement) reworked, reshaped with water and compact 
to a minimum 95% MDD. 



8 

(ii) Remove the hump in the centre of the runway and rework and re-grade to the 
design level and provide appropriate drainage system in the apron area. 

(iii) Refill excavated area with extra gravels (or coral stones) where required and 
compact surface in accordance with ASTM D 698 requirements. 

(iv) Apply double chip seal on the base course (details to be determined during 
detailed design stage) for the specified area (1,000 m x 18 m) of the runway.  

(v) Restore any eroded and damaged embankment with new gabion wall on the 
western shore of the island (approximately 1.2 m high x 150 m long). 

(vi) Provide adequate lighting facility for emergency night time landing and take-off 
when required. 

(vii) Provide any pavement markings and repair markers as required. 
(viii) Assure effective drainage by adequate crossfall. 

 
31. Option B is a concrete pavement surface using precast concrete slabs laid on a bed of 
cement binders over the excavated existing pavement surface. The proposed works will include 
the following: 

(i) Excavate surface material of the runway to a width of 25 m and scarifying 
pavement base course to a depth of 250-300 mm, reworked, reshaped with 
water and compact to a minimum 95% MDD. 

(ii) Remove the hump in the centre of the runway and rework and re-grade to the 
design level and provide appropriate drainage system in the apron area. 

(iii) Refill excavated area with extra gravels (or coral stones) to the base design level 
to ensure the correct horizontal a longitudinal slopes and compact surface in 
accordance with ASTM D 698 requirements.  

(iv) Apply a concrete pavement surface to a depth to be specified in detailed design 
possibly with precast reinforced concrete slab units (approximately 2.5 m x 6.0 m 
x say 200 mm) to the specified finished design level and crossfall.  

(v) Restore any eroded and damaged embankment with new gabion wall on the 
western shore of the island (approximately 1.2 m high x 150 m long). 

(vi) Provide adequate lighting facility for emergency night time landing and take-off 
when required. 

(vii) Provide any pavement markings and repair markers as required. 
(viii) Assure effective drainage by adequate crossfall. 

 
 

IV. PRELIMINARY ENGINEERING DESIGN 

A. Functional Requirements 

32. “Must Have” 

 To fulfill the principle of network connectivity (that the airstrip must be part of a 
network to serve areas of economic activities and improve access to services and 
income earning opportunities); 

 Appropriate design loading for the design aircrafts; 

 Adequate drainage provision to withstand flows of large amount of storm waters after 
severe storms and heavy rainfalls; 

 Consideration for environmental protection due to climate change; 
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 All weather runway pavement surface; 

 Adequate provision and inclusion of an appropriate maintenance contract in the 
implementation package; and 

 Adequate fire safety and emergency facilities. 

33. “Preferred to Have” 

 Appropriate provision for future capacity increase and infrastructure improvements 
(e.g., terminal facilities); 

 Appropriate traffic management provisions and safety protection (fencing); and 

 Improved airport lighting and navigation equipment. 

 
B. Design Standards and Requirements 

34. There is no national standard for aerodrome and airstrip designs in the Solomon Islands. 
Current designs for aerodrome facilities follow the standards set by the Civil Aviation Authority 
of New Zealand (CAA-NZ). The CAA-NZ’s 2009 Advisory Circular (AC 139-7 and AC 91-15) 
provides guidelines for design standards and requirements for aircrafts at or below 5,700 kg 
MCTOW on non-air transport operations. These guidelines have been applied in the preliminary 
design of the upgrading of the Gizo Airstrip. 
 
35. The following design elements are applicable: 
 

1. Runway Dimensions 

36. The overall length of the runway is to be 1,100 m of which 1,000 m will be paved with a 
double seal bitumen surfacing. 
 
37. The overall width of the runway is 30 m of which 18 m will be paved with double seal 
bitumen surfacing. 
 

2. Runway Gradients 

38. The subject runway is a two-directional runway and there requires an average gradient 
over its length not exceeding 1:50 or 2%. Where slope changes occur along its length, they 
should not exceed 1:50. 
 
39. The touchdown areas of the runway (first 200 m from the threshold) should be 
approximately level. 
 
40. Since the airstrip is intended for night time emergency operations, the transverse 
gradient of the runway should not exceed 1:50 and should be consistent throughout the runway 
length. However, as the existing established runway surface is to be preserved for drainage 
purpose, the transverse crossfall can be increased to 1:30. 
 

3. Runway Strip 

41. The length of the runway strip shall exceed the runway length by at least 30 m at each 
end of the runway. 
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42. For night time operation and/or instrumental runway, the minimum width of the runway 
strip is to be at least 60 m. 
 
43. All gradients of the runway strip will not exceed those of the runway by more than 1%. 
To prevent the accumulation of surface water, the transverse gradient will be 1:20. 
 
44. To prevent risk of accident due to aircraft over run the runway, the surface of the runway 
strip must be flushed with the edge of the runway. 
 
45. Runway starter extension is not required. 
 

4. Apron 

46. The existing apron and taxiway of the width of 7.5 m shall be upgraded to bituminous 
surfacing identical with the runway. Adequate drainage of the apron and taxiway shall be 
ensured.  
 

5. Obstacle Clearance 

47. The runway obstacle limitation surfaces requirement in the Advisory Circular (AC) does 
not apply to this airstrip which is located on an island with no obstacles at each end of the 
runway strip. 
 

6. Markers and Markings 

48. All markers and markings required shall be done in accordance with AC requirements. 
 
49. Runway centre line shall be as follows: 

 Stripe length: 36 m 
 Gap: 24 m 
 Line width: 300 mm (minimum) 

 
50. Runway edge markers are not required as there will be night time lighting provision. 
 

7. Storm Water Drainage 

51. Efficient drainage of the airstrip shall be provided, including the actual runway and the 
apron and taxiway. Drainage details will be determined in the detailed design stage. 
 

8. Lighting for Night Time Navigation 

52. The night time navigation equipment has to meet the requirements of the AC and 
manufacturer’s specifications. 
 
C. Longitudinal and Transverse Sections 

53. The existing and the proposed design of longitudinal and cross sections levels are 
shown in Table 1 below. These preliminary design levels must be reviewed in the detailed 
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design stage, subject to results of the California Bearing Ratio (CBR) tests. The original 
longitudinal section has a sudden rise in vertical level of almost 2 m between Ch 300 and Ch 
400 and a drop of over 1.5 m between Ch 450 and Ch 600. The proposed design envisages 
approximately a meter cut of the highest level at Ch 450 and Ch 500 and ensures a gradual 
slope to both ends of the runway to minimize any feeling of imbalance during take-off. 
 
54. The existing terminal building is situated on the western side of the airstrip at 
approximately Ch 350. The apron extends from Ch 280 to Ch 400 where the ground level is the 
highest. A more extensive survey would be required to ensure the ground level of the apron 
area would match the new levels of the runway at these chainages. 
  
55. Longitudinal and cross sectional plans shown the existing levels and design levels of the 
runway are included in the Attachments 2 and 3. 
 

Table 1:  Existing and Design RL* (m) 

Chainage 
NW-SE 

SW Edge 
15m offset 

SW Shoulder 
9m offset 

Centre Line 
NE Shoulder 

9m offset 
NE Edge 
15m offset 

Exist. Design Exist. Design Exist. Design Exist. Design Exist. Design
 

0 2.39 3.00 2.53 3.10 2.62 3.25 2.40 3.10 2.28 3.00 
100 2.25 3.00 2.61 3.10 2,59 3.25 2.47 3.10 2.36 3.00 
200 2.69 3.15 2.69 3.35 2.80 3.50 2.76 3.35 2.61 3.15 
300 3.17 3.45 3.29 3.60 3.32 3.75 3.26 3.60 3.18 3.45 
400 5.04 3.75 5.15 3.85 5.13 4.00 5.08 3.85 5.06 3.75 
450 4.65 3.75 4.68 3.85 5.00 4.00 4.92 3.85 4.85 3.75 
500 4.27 3.50 4.31 3.60 4.24 3.75 4.13 3.60 4.10 3.50 
600 3.65 3.25 3.69 3.35 3.64 3.50 3.64 3.35 3.52 3.25 
700 3.30 3.15 3.42 3.25 3.41 3.40 3.35 3.25 3.27 3.15 
800 3.10 3.10 3.24 3.15 3.30 3.30 3.23 3.15 3.17 3.10 
900 3.24 2.95 3.31 3.05 3.32 3.20 3.25 3.05 3.24 2.95 

1,000 3.85 2.95 3.90 3.05 3.95 3.20 3.95 3.05 3.82 2.95 
1,050 4.42  4.55  4.65  4.60  4.56  
1,100 5.33  5.42  5.45  5.40  5.33  

* Datum at Sea level.   
 
D. Upgrading Requirements 

1. Pavement Foundations  

56. The field survey carried out for this subproject assessment did not include any soil 
sampling or soil tests. It is therefore essential to carry out a DCP fieldwork and CBR tests on 
base course, sub-base and sub-grade samples for the runway, landing and turnaround areas as 
well as the non-critical areas at each end of the pavement areas. 
 
57. If tests reveal that average CBR value of the existing base course does not meet the 
aviation standard requirement of 80 CBR, the design shall include excavation of a minimum of 
300 mm below existing pavement base. The excavated surface must then be compacted with a 
minimum of 10 coverage cycles using a ten (10) ton static steel wheel roller. The excavated 
surface near the runway ends should be compacted with the roller travelling transverse to the 
runway centre line and 100 mm away from the runway end. 
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58. Any soft areas or holes shall be boxed out and repaired using classified fill material. The 
excavated and compacted area shall be filled with a minimum of 200 mm filled material and 
compacted at optimum moisture content, with a minimum of eight coverage cycles using a 10 
ton steel wheel roller to achieve an average dry density of 98% of the maximum modified dry 
density for the material used. 
 
59. Upon achieving the required compaction, the Contractor shall notify the Project Engineer 
to carry out a CBR test to ensure the aviation standard of 80 CBR is achieved. 
 

2. Material Selection 

60. Materials for base and sub-base courses must be selected from approved materials free 
from organic and vegetable matters, top soil, overburden and other deleterious matters. The 
materials must comply with the following requirements: 
 

3. California Bearing Ratio 

61. The four-day soaked CBR value for a moisture content range of at least 5% for each 
material as follows: 

 Sub-base Course 30% 
 Base Course 80% 
 Particle size distribution 
 The particle size distribution for sub-base and base courses must comply with the 

following requirements: 
 5 < Cu (Mod) < 50 
 0.5 < Cu (Mod) < 3 

 

 
 
62. The materials must not contain particles with a size greater than 30% by passing the AS 
0.075mm sieve. 
 

a. Plasticity 

63. The Plasticity Modulus (Plasticity Index multiplied by percentage of material passing the 
AS 0.425 mm sieve) shall not exceed the following: 

 Base Course     500 
 Sub-base Course 1000 

 



13                            

  

 

b. Shrinkage Modulus 

64. The Shrinkage Modulus (Linear Shrinkage multiplied by percentage of material passing 
through the AS 0.425 mm sieve) must not exceed the following: 

 Base Course   250 
 Sub-base Course 500 

 
c. Sampling and testing 

65. All sampling and testing must be carried out regularly and in accordance with Contract 
specifications. Sampling and testing methods and procedures will be in accordance with 
relevant ASTM methods or any other methods currently used by Ministry of Infrastructure 
Development (MID). 
 

d. Coral Stones 

66. Coral stones may be used for void filling and base course replacement subject to 
meeting the normal MID test requirements. A stock pile of coral materials is available in a hill 
adjacent to the terminal area. The coral materials have been left behind since the construction 
of the airstrip. Trees and other vegetation have grown over the hill. The coral stones are 
presently being used for maintenance. 
 

e. Compaction 

67. Pavements consisting of Type 1 material shall be compacted to 102% of the Maximum 
Dry Density as determined by AS 1289.5.2.1. All other pavement types shall be compacted to 
100% of the Maximum Dry Density as determined by AS 1289.5.2.1.  

68. The surface of the pavement in every layer shall display no visible vertical movement 
under the weight of compaction equipment.   

4. Bituminous Surfacing (Option A) 

69. The Austroads guide to pavement design should be consulted during the detailed design 
phase. 
 
70. A sample construction Specification for Bituminous Surfacing is included in Attachment 1 
for reference. 
 

5. Concrete Pavement (Option B) 

71. Concrete refers to a homogeneous mixture of hydraulic cement, fine and coarse fine and 
coarse aggregates, water and chemical admixtures. In this option, concrete is to be used as a 
base for a rigid pavement. 
 
72. The 28-day design flexural strength of concrete for the runway should be around 5.0 
MPa. Reinforced concrete should have 28-day strength of 5.5 MPa. The durability of the 
concrete wearing surface requires a 28-day characteristic compressive strength of not less than 
32 MPa. 
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6. Scour Protection 

73. The replacement of the damaged gabion wall on the north-western side of the Nusatupe 
Island shall be carried out in accordance with approved standards. 
  
74. A typical well constructed gabion retaining wall is shown in Figure 10. For a typical 
specification of gabion construction, see Attachment 1. 
 

Figure 10: Gabion Retaining Wall 

 
 
E. Cost Estimates  

75. The upgrading costs for the two considered options have been estimated based on unit 
rates from recent tenders of similar works and where necessary from first principals. These 
estimates are preliminary and should be reviewed as part of the detailed design. Final 
construction costs would vary due to: 

 Final structural design. 
 Availability of local construction equipment and materials.  
 Variation of the amount of earth works and drainage provision in the apron area. 
 Construction duration requirements. 
 Competition situation within the contracting industry at the time of tendering the 

works 
 
76. The construction cost estimate includes project supervision but does not include detailed 
engineering design or management costs. 
 
77. Details of the cost calculations are provided in Attachment 4. A summary of the 
construction component costs is shown in Table 2 and Table 3. 
 

Table 2: Cost Estimate Summary Option A (Bituminous Surfacing) 
 

DESCRIPTION 

SI$ 
 

Local 
 

Foreign 
 

Total 
1. Mobilization, clearing and site 

establishment  320,000
 

80,000 400,000
2. Earthworks and compaction 3,489,750 866,250 4,356,000
3. Drainage works 1,150,000 150,000 1,200,000
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4. Bituminous Sealing works 1,012,000 1,200,000 2,212,000
5. Ancillary works 113,300 40,000 153,300
6. Day Works 246,210 35,000 281,200

Sub-total 6,231,260 2,371,250 8,602,510
Optional works 250,000 52,000 302,000

Sub-total 6,481,260 2,423,250 8,904,510
Contingencies (15%)  1,335,677

Total upgrading costs with 
optional works

 
10,240,187

$ 1,294,686
Note: Exchange rate $1.00 = SI$ 7.9094 (as of 1 October 2010). 

 
Table 3: Cost Estimate Summary Option B (Concrete Slabs Pavement) 

 

DESCRIPTION 

SI$ 
 

Local 
 

Foreign 
 

Total 
1. Mobilization, clearing and site 

establishment  320,000
 

80,000 400,000
2. Earthworks and compaction 3,801,600 950,400 4,752,000
3. Drainage works 1,150,000 150,000 1,200,000
4. Concrete works 3,305,000 1,420,000 4,725,000
5. Ancillary works 113,300 40,000 153,300
6. Day Works 239,010 35,000 274,010

Sub-total 8,928,910 2,675,400 11,504,310
Optional works 250,000 52,000 302,000

Sub-total 9,078,910 2,727,400 11,806,310
Contingencies (15%)  1,770,947

Total upgrading costs with 
optional works

 
13,577,257

$ 1,716,598
Note: Exchange rate $1.00 = SI$ 7.9094 (as of 1 October 2010). 

 
78. A maintenance contract is proposed to be arranged separately after the upgrading work 
is completed. The contract could be for a three-year period and it could include additional years 
on optional basis. The annual routine maintenance cost estimate provided in Table 4 is based on 
the current maintenance contract agreement for the Gizo Airstrip. The periodic maintenance 
costs have been estimated. The routine maintenance includes mainly labor based activities. 

 
Table 4: Gizo Airstrip Maintenance Tasks and Estimated Costs 

Maintenance Task 
Frequency (Months) 

Option A Option B 
Routine Maintenance (Labor-Based) 
Runway cleaning and debris control 1 1 
Vegetation control  2 2 
Inspection of runway and repair any cracks 
or rutting surface 

6 12 
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Cleaning of drains 6 6 
Lighting inspection and repair 3 3 
Estimated routine maintenance cost/year SI$ 150,000 SI$ 120,000 
Periodic Maintenance 
Retaining wall repair and grouting 24 24 
Re-painting of line markings and markers 
(‘piano keys’ at the end, runway centerline, 
runway edge markers) 

60 60 

Runway resealing/ major repair 120 60 
Estimated periodic maintenance 
cost/year (annualized cost)* 

SI$ 170,000 SI$ 120,000 

  * In 2010 costs, not discounted 
 
F. Comparison of Options 

79. Comparison of the two options is presented in Table 5. It is recommended that the 
Option A: Bituminous Surfacing will be selected.  
 

Table 5: Pavement Option Comparison 
Assessment 

Criterion 
Option A: Bituminous Surfacing Option B: Concrete Pavement 

Strength Behavior Develop shear strength through 
particle interlock and cohesion; 
properties are temperature 
sensitive. 

Develop shear strength through 
chemical bonding, reinforcement and 
particle interlock. 
 

Distress mode Rutting and shoving developed 
through loading, fatigue and 
exposure to climatic and weather 
conditions.   

Cracking developed through 
shrinkage, fatigue and erosion of sub 
base/sub grade (e.g. movement due 
to earth tremors). Uneven riding 
surface developed due to imprecise 
slab laying 
 

Input Design 
Parameters 

Good base and sub-grade 
Appropriate Poisson’s ratio and 
modulus 

90 or 28 day flexural strength or 28 
day compressive strength 

Design life  30 years 50 years 
Performance  Good and smooth riding surface Harsher landing surface; greater 

noise generation 
Local Construction 
Experience 

Proven 
 
Requires experienced supervision 

New 
 
Requires training in slab laying and 
quality control in slab fabrication 

Construction time  Approximately 2 months Approximately 2 months, if pre-
fabrication of slabs is not considered. 

Construction 
Experience 

Existing experience available Requires specific skill in slab laying 
works 

Construction Cost Appr. $1.29 million Appr. $1.72 million 
Maintenance Cost Higher than concrete slab 

pavement 
Lower than of bituminous surfacing 

Risk of Failure Low risk Medium risk 
Recommendation Recommended Not recommended 
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Sample Specifications 
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I. SPECIFICATION FOR BITUMINOUS SURFACING 

A. Bituminous Prime Coat 

1. General 

1. This work shall consist of the furnishing and application of a cutback bitumen, and blotter 
material where necessary, to an area of the prepared surface of the base course in accordance 
with this Specification and as directed by the Engineer.  
 

2. Cutback Bitumen  

2. The prime material shall be AMC1 cutback bitumen complying with AS 2157 or similar 
approved by the Engineer.  
 
3. The prime material may be prepared in the field by mixing aviation kerosene or power 
kerosene with Class 170 bitumen to AS 2008. The Contractor shall propose the appropriate 
ratio to obtain characteristics consistent with AMC1 cutback bitumen for the Engineer’s 
approval. The kerosene without being previously heated shall be pumped into the distributor 
through the bitumen which has been heated to a temperature within the range 165–175oC and 
the mixture shall then be thoroughly circulated for at least 20 minutes before application.  

 
4. The bitumen and cutter used to manufacture the cutback bitumen in the field shall 
comply with AS 2008 and AS 3568 respectively.  
 

3. Blotter Material 

5. Blotter material shall be approved clean, dry sand or stone screening free from any 
adhering material. It shall contain no organic matter. 
 

4. Measuring Road Temperatures 

6. The Contractor shall measure and record road temperature at regular intervals during 
the course of the work.  For this purpose a spirit or mercury – glass thermometer, having its bulb 
coated black with paint or cutback bitumen, shall be placed in direct contact with the pavement 
and allowed to remain in position until the reading becomes steady.  If the pavement is partially 
in sun and partially in shade, the temperature of both conditions shall be taken and recorded. 
 

5. Base Course Surface  

7. Immediately before spraying, the surface of the base course shall be swept free of loose 
stones, dust, dirt and foreign matter so as to uncover but not dislodge the course aggregate. 
Sweeping shall extend 300 mm beyond the area to be primed.  A mechanically operated rotary 
broom may be used for the sweeping provided it does not disturb the surface stones but if a 
satisfactory clean surface is not obtained thereby, additional sweeping shall be done by hand 
using stiff brass or similar approved brooms.  Adhering patches of foreign material shall be 
removed from the surface of the road by use of a steel scraper or other approved method. No 
spraying shall be undertaken until the pavement has been prepared to the satisfaction of the 
Engineer.   
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6. Mechanical Distributor  

8. The application of prime coat shall be made by means of a mechanical distributor 
approved by the Engineer which shall have pneumatic tires of such width and number that the 
load produced on the road surface shall not exceed 120 kg/cm of type width and shall be so 
designed, equipped, maintained and operated so that the prime coat may be applied at even 
heat uniformly over variable widths of surface up to 5 m at readily determined and controlled 
rates of from 0.2 to 3.0 l/m2 with uniform pressure and with an allowable variation from any 
specified rate not exceeding 0.1 l/m2. The distributor shall be fitted with instruments for 
measuring the speed of travel accurately at low speeds, the rate of flow of bituminous material 
through the nozzles, the temperature of the contents of the tank and the pressure of the material 
in the spray bars.  
 
9. These instruments shall be so located that the operator can easily read them whilst 
operating the distributor.  A spare maximum recording mercury thermometer and strainer shall 
also be available. The tank of the distributor shall be fitted with accurately calibrated dipsticks or 
content gauges.  The distributor shall be equipped with a separate power unit for the pump and 
full circulation spray bars.  The spray bar on the distributor shall be controlled by a man riding at 
the rear of the distributor in such a position that operation of all sprays is in his full view.  
 

7. Calibration of Distributor  

10. The Spray bar and all measuring equipment on the distributor shall have been recently 
calibrated and an accurate and satisfactory record of such calibration shall be supplied to the 
Engineer. If at any time the distribution of bituminous material is found to be in error, the 
distributor shall be withdrawn from the work and recalibrated in a manner satisfactory to the 
Engineer before continuing with the work.  
 

8. Hand Spray Equipment  

11. Where the use of the mechanical distributor is not practical for application to small areas 
and areas not satisfactorily sprayed during a run of the distributor, the spraying of such areas as 
the Engineer may approve shall be done by means of the hand spray equipment of the 
distributor.  
 

9. Length to be Sprayed  

12. The length of the surface to be sprayed by each run of the distributor shall be measured 
and marked on the ground. The application shall commence and finish on a protective strip of 
paper laid across the surface beforehand, unless the Engineer approves the omission of the 
protective strip at the finish. The protective strip shall be of paper of quality not less than 50 
Kraft, or such other material as the Engineer may approve. The width of the protective strip shall 
be not less than that endorsed on the distributor or such additional width as the Engineer may 
direct. At the time of spraying the road surface shall be clean and slightly damp. Spraying shall 
not proceed if rain threatens.   
 

10. Prime Coat Rate  

13. The prime coat shall be applied at the rate or rates directed by the Engineer following 
trial runs. The rate will usually be in the range of 0.4 to 1.1 l/m2 depending on the degree of 
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compaction and the moisture content.  A table shall be prepared by the Contractor and 
amended from time to time as may be necessary, to show distributor road speeds and 
adjustment for the full ranges of rates of application.  The table shall be available on the work 
site at all times and shall enable the appropriate road speed to be determined and the distributor 
adjusted for the rate of application required prior to the commencement of any run of the 
distributor.   
 

11. Width of Primed Surface  

14. The width of primed surface shall be 150 mm wider on each side than the sealed surface 
specified on the Drawings or as directed by the Engineer. The edges of the area primed shall 
not vary by more than +75 mm from the lines specified or directed by the Engineer.  
 

12. Optimum Temperature  

15. The optimum temperature of the cutback at the time of the application will depend upon 
climatic conditions and the equipment used but shall be in the range 35–55oC. Heating 
quantities in excess of requirements or prolonged heating at high temperature are to be 
avoided. Any material which, in the opinion of the Engineer has been damaged by overheating 
shall be rejected and shall be replaced at the Contractor’s expense.  
 

13. Application of Prime Coat  

16. Prime coat shall be applied only when the weather is dry and when the road temperature 
is at above 18oC. Road temperature shall be measured in accordance with Engineer’s 
instruction.  
 
17. Any prescribed application shall be divided into two applications when necessary to 
prevent bitumen flowing off the surface, and additional material shall be applied where surface 
conditions indicate it to be necessary, if the Engineer so directs. No further courses shall be 
applied until the prime coast has set and the solvent evaporated.   

 
18. When so directed, the prime coat shall be applied in lanes of approximately one half of 
the width of the completed surface. A lane of prime coat shall be applied, allowed to penetrate 
not less than 4 hours, unless otherwise permitted by the Engineer, and then covered with blotter 
material if required.  
 
B. Bituminous Surface Treatment 

1. General  

19. This work shall consist of the furnishing of one or more applications of bituminous 
material and cover aggregate to a previously constructed and prepared surface in accordance 
with this Specification and as directed by the Engineer.   
 

2. Bituminous Material  

20. This work shall consist of residual bitumen Class 170 conforming to the requirements of 
AS 2008, and the Contractor shall be responsible for the testing of bitumen in accordance with 
AS 2008.  He shall submit to the Engineer a copy of all test results obtained. Bitumen which 
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does not comply with the requirements of AS 2008 shall not be used for sealing works without 
prior approval of the Engineer.  
 

3. Adhesion Agents  

21. To improve the adhesion of cover aggregates to the binder, an approved adhesion agent 
shall be added to the binder in accordance with the manufacturer’s recommendations. The 
Contractor shall submit his proposals, together with written evidence of the successful use of 
such additives to the Engineer for his approval prior to purchasing.  
 

4. Aggregates  

22. Aggregates shall consist of clean, hard, dry, tough, sound, crushed stone or crushed 
gravel of uniform quality, free from dust, clay, dirt or other deleterious matter and from excess of 
flat or laminated pieces and shall be of such a nature that when thoroughly coated with the 
bituminous material proposed for the work, the coating will not peel off upon contact with water.  
 
23. They shall comply with AS 2758.2 for Class C roads as modified by the following 
requirements:  

(i) Weak particles shall not exceed 2.0% when tested in accordance with AS 
1141.23.  

(ii) When crushed gravel is used, not less than 60% by weight of the particles 
retained on a 4.75 mm sieve shall have at least two fractured faces.  

 
5. Aggregate Size  

24. Unless otherwise shown on the Drawings:  
 
25. For a single application of bituminous material and cover aggregate the aggregate size 
and grading shall be 20 mm nominal size.  
 
26. For a double application of bituminous material and cover aggregate, the aggregate for 
the first application shall be 20 mm nominal size, and for the second 14 mm nominal size unless 
otherwise directed by the Engineer.  
 
27. The grading shall comply with AS 2758.2 Clause 8.1.  
 

6. Aggregate Stockpile  

28. Aggregates shall be stockpiled clear of traffic, drains and services and other property on 
well-drained ground approved by the Engineer. A separate stockpile shall be made for each 
nominal size of aggregate at each location and each shall be at least 15 m from the adjoining 
stockpile. The site of the stockpile shall be cleared of all vegetation and debris, graded and 
drained for an area extending 5 m outside the limits of the stockpile and, where the Engineer 
deems it necessary, the area shall be surfaced with a 100 mm layer of approved stone or rock. 
Unless otherwise approved by the Engineer each stockpile shall be built 1 m high over the 
whole area of the stockpile and with slopes of 1 vertical to 1 horizontal.  The Contractor shall 
supply any planking or other material required in connection with movement of vehicles over 
and about the stockpiles.  The bottom 50 mm layer of aggregate or any contaminated aggregate 
shall not be used in the work.  
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7. Pre-coating of Aggregates  

29. All particles of aggregate must be completely but thinly coated by means of a fine 
pressure spray on a moving stream of aggregate or by other means approved by the Engineer.  
The quantity of pre-coating material needed will vary with the nature of the stone but will be 
within the range 6 to 12 l/m3.  Pre-coating material shall be a distillate with 10% bitumen and 1% 
megamine BA or equivalent, unless otherwise approved by the Engineer.  
 

8. Plant and Equipment  

30. The Contractor shall supply details of the make, model, capacity, weight and such other 
details of the plant and equipment as may be required by the Engineer.  Such equipment shall 
include a powered broom or power blower or both, a drag broom, a self-propelled pneumatic tire 
roller, aggregate spreading equipment, an adequate number of trucks and when necessary, 
equipment for heating bituminous material.  A steel wheeled roller may be used only when so 
authorized by the Engineer.   
 
31. The plant and equipment shall comply with the following requirements:  

(i) The bituminous material distributor shall conform to the requirements for the 
mechanical distributor described in Clause 6.1.6.  

(ii) The power broom shall be a rotary broom, towed or self propelled, specifically 
designed for sweeping road surfaces.  

(iii) The drag broom shall be capable of distributing unevenly spread aggregate 
without disturbing the particles freshly bedded in the binder.  

(iv) The pneumatic tired roller shall be of an approved type of not less than 7 tonnes 
mass and having not less than seven wheels mounting smooth tread compactor 
tires of equal size and construction capable of operating at inflation pressures up 
to 800 KPa.  Wheels shall be equally spaced along both axle lines and arranged 
so that tires on one axle line track mid way between those on the other with an 
overlap. Each type shall be kept inflated to the specified pressure such that the 
pressure difference between any two tires shall not exceed 35 kPa.  Means shall 
be provided for checking and adjusting the tire pressure on the job at all times.  

(v) Each roller shall be equipped with a means of adjusting its total weight by 
ballasting so that the load per wheel can be varied from 1500 to 2500 kg.  In 
operating, the tire inflation pressure and the wheel load shall be adjusted, as 
approved by the Engineer, so that contact pressure is as high as the material will 
support.  

(vi) The steel roller, where its use is permitted, shall have a load of between 25 kg to 
45 kg/cm width of roll.  

(vii) The aggregate spreader shall be approved mechanical equipment capable of 
spreading the uniform layer of cover aggregate of the specified sizes  

(viii) Heating equipment shall be capable of producing uniform heating to the repaired 
temperature without damage to the bituminous material.  An approved instrument 
for temperature measurement with an accuracy of plus or minus 3% shall be 
provided. Means shall be provided to drain completely the heating tank or tanks. 
Three or more approved fully charged chemical fire extinguishers and a stockpile 
of approved loose sandy material, a shovel shall be provided and shall be placed 
adjacent to the heaters while heating is in progress  
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9. Surface Preparation  

32. Prior to the application of binder, loose stones and dirt and other objectionable material 
shall be removed from the surface by means of the power broom or blower or both but without 
dislodging the stones embedded in the pavement.  If this does not produce a uniformly clean 
surface, additional sweeping shall be done by hand, using stiff bass or similar brooms. 
Sweeping shall extend at least 200 mm beyond each edge of the area to be sprayed. Adhering 
patches of objectionable material shall be removed from the surface by steel scraper or other 
approved method and where the Engineer so directs the scraped area shall be washed down 
with water and hand brooms.  No application of bituminous material shall be undertaken until 
the pavement has been cleaned and patching of the surface of the road has been completed to 
the approval of the Engineer.  Any area in which the prime coat has been insufficiently applied 
or is defective in any way shall be reprimed as directed by the Engineer.  
 
33. A period of at least 24 hours or such longer period as may be necessary for the prime 
coat to be completely dry shall elapse before any further bituminous material is applied.  
 

10. Application Rate  

34. The application rate of bituminous binder material and cover aggregate shall be 
determined by the Engineer by the methods set in Overseas Road Note 3 – “A Guide to Surface 
Dressing in Tropical and Sub-Tropical Countries,” published by Transport and Road Research 
Laboratory United Kingdom.  
 
35. The authorized rate of application of bituminous binder material shall be based on 
residual bitumen at a temperature of 15oC and corresponding allowance shall be made for 
expansion of the binder when heated to spraying temperature, and where adhesion agent is 
included, the application rate shall be adjusted to allow for the quantity of adhesion agents.   
 
36. The application of bituminous binder material shall be made by means of a mechanical 
distributor except that where the use of the distributor is not practicable for application to small 
areas, the application to such areas, as the Engineer may approve, may be done by means of 
hand held spray equipment attached to the distributor.   
 

11. Spraying Temperature  

37. The temperature at the time of spraying the bituminous material shall be within the range 
of 165oC to 185oC.  
 
38. At no time during the heating shall the upper limit be exceeded. Quantities of bituminous 
materials in excess of requirements shall not be heated, nor shall such materials be held at 
temperatures within the spraying range for periods in excess of ten hours. Any bituminous 
material which has been heated for an excessive period of time or which has been overheated 
shall be rejected.  
 

12. Area to be Sprayed  

39. The area to be sprayed with bituminous material at any time, shall be limited to that 
which can be covered with aggregate at the specified rate within 15 minutes of the time of 
spraying or such smaller period of time as the Engineer shall direct.  When so directed, the 
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bituminous material shall be applied in lanes of approximately one half of the width of the 
completed surface and when so applied there shall be an overlap of 75 mm of bituminous 
material along the adjoining edges. The width of the area sprayed shall not vary by more than + 
50 mm from the width specified in the Contract or directed by the Engineer.  The area to be 
sprayed shall be marked prior to spraying operations commencing for that area.  
 

13. Spraying  

40. No spraying shall be carried out on a wet pavement nor when rain appears imminent nor 
during high winds nor when then ambient temperature is below 18oC. The Engineer shall order 
work to cease temporarily on account of adverse weather conditions; unsatisfactory condition of 
materials, equipment, pavement or any condition which he considers may affect the work 
adversely.  
 
41. Spraying shall commence and finish on a protective strip of paper or other approved 
surface for at least the full width to be sprayed.  Paper or other material so used shall be 
immediately removed and disposed of in a manner satisfactory to the Engineer.  The distributor 
shall commence moving at a sufficient distance in advance of the start of the application to 
ensure that the correct road speed for the required application is attained before the spray 
nozzles are opened and shall maintain this speed until past the finishing point of the application. 
Spraying shall cease immediately if any defect develops in the spraying equipment and it shall 
not recommence until the fault has been rectified.  
 
42. Provision shall be made for 10%, or such other percentage as may be determined by the 
Engineer, of the rated capacity of the distributor tank to be retained in the tank at the completion 
of each run, so as to avoid air entrainment within the delivery system and provide for any minor 
excess in the rate of application.  
 
43. After each application the quantity of material sprayed shall be checked against the area 
covered, and any necessary adjustment shall be made to ensure that the specified rate of 
application is maintained in subsequent runs.  
 

14. Cover Aggregate Supply  

44. Before the bituminous material is applied, sufficient cover aggregate shall be in trucks at 
the site of the work to provide full cover of the area to be sprayed.  
 
45. The application of the aggregate shall proceed immediately after application of 
bituminous material commences and shall be completed within 15 minutes of the completion of 
spraying or such shorter period of time as the Engineer may direct.  The aggregate shall be 
spread uniformly over the bituminous material by means of the approved aggregate spreader.  
Any bare or insufficiently covered areas shall be re-run by the mechanical spreader or covered 
by hand as necessary to give uniform and complete coverage. Any aggregate spread in excess 
of the rate specified or ordered shall be scattered and evenly distributed on the road or 
otherwise removed and stockpiled.  
 

15. Rolling  

46. Immediately after spreading to the satisfaction of the Engineer, the aggregate shall be 
rolled with one or more pneumatic tired rollers by approved steel rollers, until the aggregate is 
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firmly embedded in the bituminous material.  Where required to ensure an even distribution of 
aggregate, the surface shall be drag broomed after the initial rolling except that if the drag 
broom has any tendency to dislodge aggregate particles bedded in the binder the Engineer may 
direct that drag brooming be deferred or eliminated and that light hand brooming be substituted. 
Rolling shall be continued, as directed by the Engineer, for as long as necessary to ensure 
thorough incorporation of the aggregate into the binder but with no less that 8 passes within one 
hour of spraying at every point on the surface. Immediately after the binder had hardened to the 
stage at which no more aggregate can be pressed into it by rolling, any remaining loose 
particles shall be removed from the pavement and shoulders.  
 

II. SPECIFICATION FOR CONSTRUCTION OF GABIONS AND RENO MATTRESSES 

A. General 

47. The requirement as set out for Gabions in this specification also applies to Reno 
mattresses unless otherwise specified. 
 
48. The gabions shall be flexible PVC coated and galvanized wire boxes fabricated of wire 
mesh of the type and size, and selvedged as specified below.  Each gabion shall be divided by 
diaphragms into cells whose length shall not be greater than the width of the gabion plus 100 
mm, except in the case of 1.5 m long by 1 m wide gabions which have no diaphragm, 2.5 m 
long by 1 m wide gabions which shall have one central diaphragm, and Reno mattresses where 
the diaphragms shall have a maximum spacing of 600 mm.   
 
B. Wire 

49. All wire used in fabrication of the gabions and in the wiring operations during 
construction shall be low tensile galvanized PVC coated wire to AS 2423 having a tensile 
strength of not less than 350 MPa.  
 
50. Unless stated otherwise on Design Drawings accompanied the tender document, the 
wire used shall have a diameter as follows:  

 for gabions - 2.7 mm  
 for mattresses less than 350 mm thick - 2.0 mm  
 for mattresses with thickness 350 mm to 550 mm - 2.4 mm  
 selvedge wire - 3.0 mm  
 binding and connecting wire  - 2.2 mm  

 
C. Galvanizing 

51. All wire used in the fabrication of the gabions and in the wiring operations during 
construction shall be galvanized to AS/NZS 4534 Class W10Z or W10Z5A. 
 
D. PVC Coating 

52. All wire used in the fabrication of the gabions and in the wiring operations during 
construction shall, after galvanizing, have extruded on to it a coating of polyvinyl chloride, 
otherwise referred to as ‘PVC’.  The coating shall be grey or green in color, shall have an 
average thickness of 0.55 mm and nowhere shall be less than 0.40 mm in thickness and shall 
be capable of resisting deleterious effects of natural weather exposure and immersion in salt 
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water.  The PVC coatings shall comply with the test methods and specifications listed in AS 
2423, Appendix E, Table E1. 
 
E. Mesh 

53. The mesh shall be hexagonal woven mesh wherein the joints are formed by twisting 
each pair of wires through two full turns.  
 
54. The undisturbed size of the mesh shall be nominal 60 mm by 100 mm. The tightness of 
the twisted joins shall be such that a force of not less than 1.75 kN pulling on one wire is 
required to separate it from the other, provided each wire and the applied force are all in the 
same plane.  
 
55. The wire mesh shall have the elasticity sufficient to permit elongation of the mesh 
equivalent to the minimum of 10% of the length of the section of mesh under test without 
reducing the diameter or tensile strength of individual wire strands to values less than those for 
a similar wire 0.3 mm smaller in diameter. 
 
F. Selvedge 

56. All edges of the gabions, diaphragms and end-panels, except as stated in Section H 
below, shall be shown with a continuous wire of which the core diameter is 3.0 mm.  Where the 
selvedge is not woven integrally with the mesh but has to be fastened to the cut ends of the 
mesh, it shall be attached by binding the cut ends of the mesh about it so that a force of not less 
than 8.5 kN applied in the same plane as the mesh, at a point on the selvedge of a mesh 
sample of length 1 m, is required to separate it from the mesh.  
 
G. Diaphragms 

57. The diaphragms and end-panels shall be selvedged on the top and vertical sides only.  
The end panel shall be attached by twisting the cut ends of the mesh wires at the bottom of the 
panel about the selvedge on the base of the gabions. Similarly, the diaphragms shall be 
attached by twisting the cut ends of the mesh to the twisted joins of the mesh of the gabions. In 
each case the force required to separate the panels from the base shall not be less than that 
required to break the mess over the same length.   
 
H. Binding and Connecting Wire   

58. Sufficient binding and connecting wire shall be supplied with the gabions to perform all 
the wiring operations to be carried out in the construction of the gabion work as stated in 
Sections K to M below.  The diameter of wire shall be 2.2 mm.  
 
I. Filling Material   

59. Filling material shall consist of hard, durable stone of minimum dimension 100 mm and 
maximum dimension 250 mm. The rock shall be tightly packed to give a minimum of voids.  The 
top layer of material shall consist of selected smaller stone with dimensions between 100 mm 
and 150 mm.  
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J. Tolerances   

60. A tolerance on the diameters of all wire of +2½ % shall be permitted.  The length of the 
gabions is subject to a tolerance of +3 % and the width of gabions to a tolerance of +25 mm.  All 
other gabion dimensions are subject to a tolerance of +3 % of the sizes stated in this 
Specification or on the Drawings. 
 
K. Fabrication   

61. The gabions shall be unfolded on the ground and stretched to the maximum extent 
possible while ensuring that all creases are in the correct positions for forming the box.  Any 
cutting required shall be carried out so that the cut ends of wire are a minimum of 50 mm from 
the twisted joins. After stretching and cutting as required, the side and end panels shall be lifted 
so that the tops of all sides are level. Any loose ends of wire protruding above a level plane at 
the top or from the corners shall be bent down into the box.  Corners shall be fastened securely 
and the box shaped prior to commencing any binding.  
 
62. The binding wire shall be securely fastened to the top of a corner by lacing between two 
meshes at the corner and twisting the binding wire through three half turns.  The wire shall then 
be laced around the two vertical selvedges, when applicable, and through each mesh in turn in 
a continuous lacing action to the bottom corner by the three half turns to an adjacent wire.  
 
L. Placement 

63. The diaphragm panels shall then be placed in position and secured to the gabion sides 
in the same manner as the corners.  The empty box shall then be firmly seated on a prepared 
area in its final position and laced to the adjoining corners or sides of gabions previously placed 
along all adjoining corners and tops.   
 
64. The placement of the gabion boxes shall be carried out in an orderly manner so that a 
face of uncompleted work is maintained.  
 
M. Filling 

65. When boxes used are 1 m high or more, they shall be cross tensioned in each 
compartment at third points in the height by wires of the same diameter as the binding wire 
securely tied by two turns around the mesh or selvedge wire and three turns around itself.  The 
boxes shall be filled between 25 and 50 mm above their tops.  The lids shall be stretched tight 
over the filling with a crow bar or similar and wired done in a continuous lacing process in the 
same manner as that specified for corners.  Each edge may be laced with a separate length of 
binding.  
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Survey Drawings 
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Design Drawings
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ATTACHMENT 4 

Cost Estimate 
 



 

 OPTION A: Cost estimate for upgrading Gizo Airstrip with Bituminous Surfacing 

       
Item Description Unit Quantity Rate SI$ Amount SI$ Amount $ 

A GENERAL       
       

1 Mobilisation to site including transporting       
 equipment and establishment of work site etc.  LS 1 200,000 200,000  

2 Demobilisation from site LS 1 100,000 100,000  
3 Misc. Overhead LS 1 100,000 100,000  
 Total General Items A    400,000 50,573
       

B SPECIFIC WORKS      

 
 
Earthworks and Compaction      

4 Clearing, grubbing and remove top soil  (30-
50mm) and dispose of debris 

m2 19,800 25 495,000  

5 
Scarifying of existing pavement surface course 
to     

 250mm depth, reworked, reshaped with water     

  and compacted to 98% MDD m2 19,800 150 2,970,000  
6 Import and refill extra gravel for pavement       

 course and re-compact m3 4,950 180 891,000  

                                                      Sub-total    4,356,000
 

550,737

 
 
Drainage Works      

7 Drainage works (Supply and lay 600 RCP) m 20 6,000 1,200,000  

                                                       Sub-total    1,200,000
 

151,718
 Bituminous Surfacing Works     

8 Apply prime coat to the prepared surface,     
 including supply and spreading of blotter      
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 material to ensure correct crossfall m2 18,900 65 1,228,500  
9 Double seal treatment:     
 18/100 penetration bitumen litre 85,000 5.5 467,500  
 Adhesion agent litre 4,500 10 45,000  

 Pre-coating of chips litre 35,000 7.5 262,500  

 20mm sealing aggregate m3 400 300 120,000  

 15mm sealing aggregate m3 295 300 88,500  

                                                       Sub-total    2,212,000
 

279,667
      
 Ancillary Works     

10 Provide pavement centre-line marking, using     
 beaded plastic paint   m 500 300.00 150,000  

11 Repair and paint concrete runway markers item 22 150.00 3,300  

                                                       Sub-total    153,300
 

19,382

 
 
Optional Works     

12 Construct gabion wall for sea protection on the     

  western end of the airstrip (app. 200X1.0X1.5) 
PC 
sum 1 202,000 202,000

13 provide lighting for night time navigation 
PC 
sum 1 100,000 100,000

                                                      Sub-total    
 

302,000
 

38,182
      

 
Total Specific Works B excluding Optional 
Works     7,921,300 1,001,505

 
Total Specific Works B including Optional 
Works    8,223,300

 
1,040,104

     
C DAY  WORKS     
 Project Manager Month 1.5 35,000 52,500  
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 Supervisor Month 1.5 17,000 25,500  

 Surveyor Day 2 830 1,660  
 Foreman Month 1.5 15,000 22,500  
 Plant Operator Day 5.0 360 1,800  
 Tradesman Day 5.0 300 1,500  
 Mechanic Day 5.0 450 2,250  
 Truck Driver Day 10.0 250 2,500  
 Security Guard Day 60.0 100 6,000  

 Skilled Labourer Day 30.0 120 3,600  
 Unskilled labourer Day 120.0 100 12,000  

 Concrete Mixer 0.3m3 Day 5.0 1,300 6,500  
 Excavator 20T  Day 5.0 4,000 20,000  
 Grader CAT14H Day 5.0 8,500 42,500  

 Loader 1.4 m3 Day 5.0 2,600 13,000  
 Backhoe 12T Day 5.0 3,000 15,000  

 Tipper Truck 8 m3 Day 5.0 4,000 20,000  
 Water Cart Day 2.0 4,200 8,400  
 Vibrating Roller Day 5.0 4,800 24,000  
       
 Total Day Works C    281,210 35,554
      
 Total A+B+C without Optional Works    8,602,510     1,087,631
 Optional Works    302,000          38,182

 Total A+B+C with Optional Works    8,904,510
 

1,125,814
 Contingency 15%    1,335,677        168,872
 Total Upgrading Costs with Optional Works    10,240,187 1,294,686
    
 Conversion Rate: $ 1 = SI$ 7.9094      
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OPTION B: Cost estimate for upgrading Gizo Airstrip including Reconstruction of runway with concrete 
slab pavement 

       
Item Description Unit Quantity Rate SI$ Amount SI$ Amount $ 

A GENERAL       
       

1 Mobilisation to site including transporting       
 equipment and establishment of work site etc.  LS 1 200,000 200,000

2 Demobilisation from site LS 1 100,000 100,000
3 Misc. Overhead LS 1 100,000 100,000
 Total General Items A    400,000 50,573
     

B SPECIFIC WORKS    

 
 
Earthworks and Compaction    

4 
Clearing, grubbing and remove top soil  (30-50 
mm) and dispose of debris m2 19,800 25 495,000

5 
Scarifying of existing pavement surface course 
to    

 250-300mm depth, reworked, reshaped with water   

  and compacted to 98% MDD m2 19,800 150 2,970,000

6 
prepare formwork for installing precast 
concrete    

 slab surface course m2 19,800 65 1,287,000

  Sub-total    4,752,000        600,804

     

 Drainage Works    
7 Drainage works no 200 6,000 1,200,000
  Sub-total    1,200,000        151,718
     
 Concrete Works    49



 

8 
Supply and install concrete slabs on the 
prepared     

 base course to the design level and crossfall     

 
required including bedding and grouting 
materials m2 18,900 250 4,725,000

  Sub-total    4,725,000        597,390

     

 Ancillary Works    
10 Provide pavement centre-line marking, using    

 beaded plastic paint   m 500 300 150,000
11 Repair and paint concrete runway markers item 22 150 3,300

  Sub-total    153,300          19,382
    
 Optional Works    

12 Construct gabion wall for sea protection on the    

 western end of the airstrip 
PC 
sum 1 202,000 202,000

13 provide lighting for night time navigation 
PC 
sum 1 100,000 100,000

  Sub-total    302,000          38,182
     

 
Total Specific Works B excluding Optional 
Works     10,830,300 1,369,295

 
Total Specific Works B including Optional 
Works    11,132,300 1,407,477

     
     

C DAY  WORKS    
     
 Project Manager Month 1.5 35,000 52,500
 Supervisor Month 1.5 17,000 25,500
 Surveyor Day 2 830 1,660
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 Foreman Month 1.5 15,000 22,500
 Plant Operator Day 5.0 360 1,800
 Tradesman Day 5.0 300 1,500
 Mechanic Day 5.0 450 2,250
 Truck Driver Day 10.0 250 2,500
 Security Guard Day 45.0 100 4,500

 Skilled Laborer M-day 45.0 120 5,400
 Unskilled laborer M-day 45.0 100 4,500

 Concrete Mixer 0.3m3 Day 5.0 1,300 6,500
 Excavator 20T  Day 5.0 4,000 20,000
 Grader CAT14H Day 5.0 8,500 42,500

 Loader 1.4 m3 Day 5.0 2,600 13,000
 Backhoe 12T Day 5.0 3,000 15,000

 Tipper Truck 8 m3 Day 5.0 4,000 20,000
 Water Cart Day 2.0 4,200 8,400
 Vibrating Roller Day 5.0 4,800 24,000
     
 Total Day Works    274,010 34,644
     
    
 Total A+B+C without Optional Works    11,504,310     1,454,511
 Optional Works    302,000          38,182
 Total A+B+C with Optional Works    11,806,310     1,492,694
 Contingency 15%    1,770,947        223,904
 Total Upgrading Costs with Optional Works    13,557,257 1,714,069
       
 Conversion Rate: $ 1 = SI$ 7.9094      
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