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1. The Contractor:
Hazama-Cienco 6 Joint Venture

2. Project:

Hai Van Pass Tunnel Construction Project

3. Work Item:
North Tunnel Section, from Station 1+515.00 to Station 5+500.00
4. Location:
Loc Hai Commune, Phu Loc District, Thua Thien Hue Province
5. Scope and Quantity of Work Items:

5.1 Scope of Works:

For Tunnel:


Tunnel Excavation: Total excavated amount: 



Main Tunnel: 358,488m3


Evacuation Tunnel: 68,553m3


Ventilation Adit: 88,207m3


Electrostatic Precipitator: 19,786m3

2 Vehicular Cross Passages and 7 Pedestrian Cross Passages: 3,801m3
Tunnel Support (Actual Claimed Quantity/BOQ)

Rockbolt: Total: 11,868 pcs/50,097pcs, of which: 
Grouted Rockbolts, SN 250Kn: 1,223pcs/37,445pcs  
Injection Rockbolts, IBO: 440pcs/4,515pcs 
Super Swellex: 2,055pcs/8,137pcs 
Forepoling: 3,987pcs/8,700pcs
Shotcrete: 184,632m2/218,415 m2 and 974 m3/2,201m3
Shotcrete Grid: 4,602m2  
Installation of Steel Ribs H100x100, H125x125 and H150x150: 109,440kg/823,700kg (BOQ quantity includes H175x175)
Tunnel Waterproofing: 142,547m2/143,889m2 (0.8mm EVA Waterproofing Membrane)

Tunnel Concrete:

Concrete Lining Type B: 41,648m3 /41,301m3
Other Concrete 
Concrete Class C: 7,155m3/7,568m3
Concrete Class D: 9,434m3/13,631m3
Concrete Class E: 374 m3/503m3
Concrete Class Q: 818 m3/449m3
Concrete Pavement (Concrete Class P):

Main Tunnel: 24cm thickness: 34,918 m2/35,004m2
Concrete Pavement for Ventilation Adit, Electrostatic Precipitator, and Cross Passages: 20cm thickness: 3,422 m2/19,636m2 and 10cm thickness: 11,977m2 /11,435m2
West and East Sides Walkway Concrete Covers: 3,525Lm/7,549Lm
Tunnel Finishing Works:
 

Tunnel Concrete Lining Coating (EPOXY Paint for Wall): 24,416 m2
Open works:

Concrete Class B (Open Tube, Cut and Cover): 587m3/677m3
Substation Building No. 5 (SS5): Total Floor Area: 167 m2
North Portal Plaza:

Excavation and Backfill (Waste and Roadway Excavation): 93,096 m3 and 3,394 m3 
Asphalt Pavement: Surface Course 5cm: 7,743 m2, Binder Course 6cm: 7,743 m2 
Ventilation Adit Portal Plaza:

Excavation and Backfill (Waste and Roadway Excavation): 16,044 m3 and 6,544 m3 
Access Road to Ventilation Adit Portal Plaza:

Excavation and Backfill (Waste and Roadway Excavation): 11,828 m3 and 1,467 m3 
Asphalt Pavement: Binder Course 10cm: 2,332 m2  

5.2 Partial Handing Over to Other Packages:

In order to ensure a timely completion of the Project, project area, tunnels and concrete structures were partially handed over to other packages. Some of the handing over were conducted on the following dates:

Ventilation Adit Portal Plaza 

- May 19, 2003


Electrostatic Precipitator No. 1

- October 10, 2003


Main Tunnel East and West Duct Bank 
- October 29, 2003


Ventilation Adit Connection

- December 15, 2003


Electrostatic Precipitator No. 2

- March 31, 2004
6. Implementation Procedure:

6.1 Progress

Contract Duration: 48 months, from October 01, 2000 to September 30, 2004

Actual progress: from October 01, 2000 to January 25, 2005 (date of issuance of TAKING-OVER CERTIFICATE)

Major reasons for time delay: (Difficulties encountered during the construction that caused delays to the completion of the Whole of the Works)
a) Deferral of the Commencement of Works: The deferral of the Commencement of Works until October 1, 2000 meant that all Open Works had to be commenced and carried out during the rainy reason which was not anticipated when Project scheduling was done in the design stage. Considerable time was lost in accessing both the North Portal and Adit Portal through severe disruption and prevention of work because of the bad weather conditions, the relocation of North Portal access road, late provision by the Railway Authority of access across the rail line for heavy equipment, delays in removal of a number of houses, the necessity to remove an extensive volume of boulders which had to be drilled and blasted.  As a result, all Open Works were prolonged and the start of all tunnel excavation works was delayed by 2.50 months. 
b) Adverse Water Conditions in Ventilation Adit: Three major incidents of water gushing and its continuous intrusions had gravely affected the progress of Ventilation Adit Works resulting to delays in Main Tunnel Works and Completion of Whole of Works.  It was not envisaged that continuous hardship, causing repeated interruptions or stoppages in the excavation cycle, would be suffered as a result of high water inflows (approximate recorded volume of discharge until the excavation of the Ventilation Adit was connected to Main Tunnel reach to 2,000,000 m3). Under such circumstances, additional time and resources had been incurred for re-handling/modification of pumping facilities (provision of additional pumps, pipelines, sump pits and generators), extended dewatering activities and repair of damaged road surface.
c) Adverse Water Conditions and 144m Extension in Ventilation Adit: Hazama-Cienco 6 JV, as planned and proposed, had introduced a 2nd workface from Ventilation Adit excavation resources (referred to as the Adit Contribution) with the intention of doing at least 380m in Main Tunnel excavation.  However, only 55m was achieved by the 2nd workface due to delay in completing the Ventilation Adit excavation, as caused by ground water problems and 144m-Adit extension.  The effect of the delay was to prevent the planned full Adit Contribution of 380m by a 2nd workface in which progress in the Main Tunnel was severely affected.  
d) Excessive Geological Deformation in Main Tunnel: From October 2002 to March 2003, Hazama-Cienco 6 JV excavated approximately 200 linear meters of Main Tunnel in Rock Support Type II and III conditions making the appropriate deform-ation allowances. However, excessive deformation caused shotcrete to crack and sometimes to collapse.  Consequently, the Engineer issued several Site Instructions such as removal of spalling shotcrete and loose rock, replacement of shotcrete, provision of additional shotcrete, wire mesh, rockbolts and provision of additional monitoring points, thus increasing the cycle time.  These unforeseeable circumstances were outside Hazama-Cienco 6 JV’s control and effectively caused a delay of 0.73 month in the Main Tunnel progress.  
e) Excessive Hardness of Rock Encountered in Tunnel Excavation: Hazama-Cienco 6 JV has made careful investigation and concludes that one cause of our additional period is attributable to the excessive hardness of rock encountered which was considerably harder than our assumption.  Several laboratory tests were conducted and results show that actual rock encountered at Hai Van mountain is more than 1.5 times harder than the one envisaged during the tender (actual average rock resistance is about 1,500 kgf/cm2 while the given tender data is about 1,000  kgf/cm2).  Moreover, the actual Rock Type I condition is almost 3 times (the volume of excavation) than what is stated in the Bill of Quantities (BOQ = 162,071 m3 for Rock Type I and actual = 454,600 m3).  It is further confirmed by the extensive damage in our drilling machines causing substantial increase in equipment’s consumables (i.e. rock tools, hydraulic oil, hydraulic hose/fittings, etc.).  The extreme rock hardness also reduces the effective capacity of each truck load because of the increase in bulking factor from 1.65 to 1.75.  Generally, our analysis shows an increase of 6% (uncontrollable) in truck movements to dispose the blasted rock materials.  Moreover, due to the presence of numerous fractured zones and the necessity of long-hole drilling method to achieve a greater tunnel advance, excessive, unavoidable overbreak (approximately 36,500 m3) was suffered and caused to increase quantities of concrete lining, shotcrete, waterproofing, leveling concrete and aggregate fill.  
Actual Progress of Major Work Items:
Main Tunnel:

1) Excavation and Support: 
from May 14, 2001 to November 15, 2003 (1st Group)

from July 1, 2003 to December 9, 2003 (2nd Group)
2) Concrete Lining: from January 31, 2002 to May 3, 2004
3) Concrete Pavement: from April 19, 2004 to July 27, 2004
4) Tunnel Finishing by Coating: from July 17, 2004 to September 4, 2004

Evacuation Tunnel and Cross Passages:

1) Excavation and Support: 
from June 18, 2001 to December 1, 2003 (1st Group)
from July 14, 2003 to November 19, 2003 (2nd Group)
2) Emulsion Penetration Pavement: from December 1, 2004 to December 27, 2004

Ventilation Adit:

1) Excavation and Support: from July 10, 2001 to March 29, 2003

2) Concrete Lining: from May 8, 2003 to April 22, 2004
3) Partition Wall: from September 5, 2003 to September 3, 2004
4) Concrete Pavement: from December 10, 2003 to September 8, 2004
Electrostatic Precipitator No. 1:

1) Evacuation and Support: from January 16, 2003 to March 22, 2003
2) Concrete Lining: from May 29, 2003 to September 3, 2003

3) Concrete Pavement: from September 28, 2003 to October 7, 2003

Electrostatic Precipitator No. 2:

1) Evacuation and Support: from October 1, 2003 to December 5, 2003

2) Concrete Lining: from January 4, 2004 to March 13, 2004
3) Concrete Pavement: from March 16, 2004 to March 30, 2004
Substation Building No. 5: From April 9, 2004 to August 21, 2004
6.2 Construction Works
Working drawings and shop drawings required for all Works in each item were prepared by the Contractor and approved by the Engineer before the implementation of the Works. 
Constructions were then implemented based on the approved working and shop drawings. 
Tunnel construction was implemented according to the work items:

1) Excavation Work: including following steps:

· Surveying and Profile Marking for Excavation Round: Servo-motorized TMS Remote Control Leica TCRM1103 and RCD1100 was used in marking excavation profile
· Round Drilling: In Main Tunnel, excavation round was generally drilled by 3-boom 2-Basket Jumbo Drill, Model H195, Atlas Copco 
· Tunnel Blasting: Explosive P3151; EXEL Detonator Nos. 1-15 and 16-36; and Detonating Cords 5g/m and 10g/m were used in the tunnels.  

· Mucking: Loading of excavated materials was generally done by a 2.3m3 Bottom-dump Loading Shovel (Furukawa FES-300E) or by a 3.0m3 Side-dump Wheel Loader (Caterpillar CAT-966F)

· Ventilation: using the 37kw*2-type (1000m3/min) Mitsui blowers and 1500m3/min Izumi blower

· Round geological description: Geologist implemented the description and tunnel engineer decided the necessary support types at site.

· Shotcrete: Shotcrete by Shotcrete Machine and Robot (ALIVA AL285 and AL305)
· Rockbolt drilling and installation: Under Rock Support Type I, supports were installed where rockbolts were required; under Rock Support Type II-VI, rockbolts were installed according to the drawings.
· Other supports were installed according to the actual ground condition encountered.

2) NATM Measurement
NATM measurement was carried out using SOKKIA MONMOS. 
3) Installation of Mole Drainage Pipes and Waterproofing Membrane 
Mole drainage pipes are located on the ground on each side of the tunnel wall between shotcrete and concrete foundation beams to collect groundwater behind the concrete lining. In Main Tunnel, mole drainage pipes are installed from Sta. 1+643.00 ~ 5+500.00 with revision shafts arranged every 100m. Revision shafts are used for cleaning the mole drainage pipes in case the mole drainage pipes are dirty or get stuck. Air compressor can be used to blow through the revision shaft to clean the mole drainage pipes. 

Mole drainage pipes used are arch-shaped cross-section with base to ensure good seating. These pipes are made from rigid polyvinyl chloride manufactured by Rehau. 

Waterproofing is used to prevent intrusion of groundwater into tunnels. It is installed between the shotcrete and concrete lining and is comprised of two layers: the non-woven geotextile outer layer and the waterproofing membrane inner layer.  The waterproofing membrane installed in tunnels is made from 0.8mm-thick Ethylene Vinyl Acetate Copolymer (EVA) while the non-woven geotextile protective fleece is made of 3.0mm polyester. The waterproofing membrane used in the Project is supplied by Katecs Company.
4) Concrete Lining
Concrete Lining Class B-28 Mpa, additive type Pozzolith 300R of MBT, cements PC40 of Kim Dinh Cement Factory.

Sliding Form length is 12m designed and manufactured by Gifu Kogyo Company.
5) Concrete Pavement
Concrete Pavement in Main Tunnel was implemented according to drawing nos. 1A-TN-370-001~012. 
Concrete Type P has a flexural strength of 4.5Mpa in 28days.
Equipment used for concrete: Spreading Machine – Gomaco Finisher C-450
6) Finishing Work

Coating of Concrete Lining by EPOXY paint was executed according to drawing nos. 1A-TN-366-001~005. Material used: EPOXY paint supplied by JOTON paint
7. Quality management work and quality guarantee measure

All materials used in the Project were submitted by the Contractor for approval and were subsequently approved by the Engineer before the application of the materials.  
Quality management was carried out by the Quality Control Manager and staffs of laboratory at site and site/laboratory tests were conducted before the presence of representative of the Engineer.  
All construction stages were inspected and verified on the inspection sheets by site inspectors of the Engineer. These inspection sheets are then transferred to the Engineer for checking and signing.   

Quality inspections for each item were implemented in accordance with standards set in the Technical Specifications of the Contract. [image: image1.png]
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