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TELECOM MT. BELLENDEN KER CABLEWAY 
REPAIR DAMAGED TRACK CABLE - 1985 
PART 1 - HISTORY AND INVESTIGATION 

1.0.1 Original Construction

The Cableway was constructed for Telecom in 1971-1972 to access a T.V. transmitter at the top of Mt. Bellenden Ker, servicing the Atherton tableland to the west, and Cairns to Innisfail on the coast. There are 9 ropeway towers, a Top and Bottom Station, and a parallel transmission line. (See attached drawing QIC 70/13/D, Fig 1 Mt. Bellenden Ker is approximately one mile in height.

The track cable is 36 mm diameter of 19 x 7 nonrotating construction, approximately 5400 metres long. It is anchored around a bollard beyond the Top Station and is attached to a 20 tonne counterweight below the Bottom Station. The cable is free to slide over curved saddles on each tower. Allowing the cable to slide rather than being fixed to each tower minimises the lateral loads on the towers from track cable tensions.

The car hangs from a bogey which is pulled up and down by an endless haul rope through a drive mechanism in the Bottom Station. Haul rope tension and length are controlled by an inclined railed counterweight beyond the Top Station.

At the time of construction, it was the longest single track cable ropeway in the world. The track cable was manufactured in Austria.

1.0.2 Fault Identification 

Telecom had purchased a proprietary cable inspection device which hangs from the track cable and is towed behind the car. It responds to changes in magnetic intensity, giving an output on paper tape. During a routine inspection in August 1985 a major discontinuity was observed by increased amplitude on the paper tape. (See Fig 2) Visual inspection gave no indication of damage. Two weeks later, that Section was again inspected, and, over an 800 mm long section of track cable the lay had increased by 36% (from 320 mm to 437 mm) and the diameter had decreased from 36 to 33 mm., The conclusion was that some inner strands had broken, and the cableway was immediately declared unserviceable.
 
The location was marked and recorded as being 898 metres below the Top Station, or 34metres below Tower 2.


1.0.3 Need for urgent Repair

Although the transmitter Building is unmanned, frequent and immediate access for technicians and others is required. As an interim, Cairns based charter helicopters were used. However, with the impending end of year wet season, helicopter access would become unreliable as the top would be in cloud most of the time.


1.0.4	Investigation and Method of Repair 

Several people experienced in wire ropes and cableway installation and maintenance were invited to inspect the problem and the site. Their findings and recommendations were:- 
· a complete length of replacement cable 36 mm diameter could not be spun in a reasonable time.
· nonrotating wire rope cannot be long spliced to allow the car to pass over the splice.	(It is physically impossible as the inner strands lay in the opposite direction to the outer strands).
· the only suitable method of joining this nonrotating rope is by molten poured metal coupling. This procedure cannot be carried out at the fault because it is in an inaccessible location, and the car would not be able to traverse the enlarged coupling diameter.
· the only reasonable, quick, solution evolved as coupling a suitable length of same diameter cable to the bottom end of the track cable, and feeding this new length into the system as cable is winched out at the top.	This would continue until the damaged section reaches the top and is cut out of the line.	The track cable would then be anchored at the top, and have the counterweight rehung at the bottom, leaving the new coupling below Tower 6. The car could then operate from rower 6 to the top, with temporary access being required to Tower 6.

 	The minimum length of new cable required is:- 

Fault to Top Station	 898 metres
Top Station to Bollard	 46 metres
3 lock turns		 36 metres
 Total: 980 metres




An Australia-wide search located a 942 metre length of new 36 mm diameter 34 x 7 non rotating wire rope in Sydney. This was purchased and transported to the site. This was 38 metres short of the required length, so a second coupling was expected to be located part way up the counterweight tower below the Bottom Station. The additional length of cable could be a recovered section from the top operation. The maximum lift of a Cairns based helicopter carrying minimum fuel corresponded to 100 metres of track rope.

1.0.5	Method of Execution 

Enquiries on the likelihood of engaging a contractor to carry out the work indicated this would be unsuccessful because:
· limited number of potential-contractors with sufficient expertise and equipment for this type of operation.
· those suitable were fully committed to annual maintenance contracts and/or new installations which coincided with the end of the snow skiing season in Victoria and New South Wales.
· 
The very strong possibility of not attracting any suitable tender after the time delay of producing documents and the tender period itself led to the decision that the operation should be carried out by Telecom's own resources, with technical assistance from the Dept of Housing and Construction.

There is a permanent operational and maintenance staff of 5 at the site, plus some other Telecom linesmen based at Salisbury, Brisbane, who have had prior experience of. rope shifts.	(A rope shift is a periodic procedure where approximately 10 metres of track cable is let out from the top to reposition the previous wearing section off a saddle). The rope shift involves clamping, winching out, and re-socketing to the counterweight. The necessary hands-on experience was available, together with sufficient equipment for clamping and winching.

1.0.6	Coupling 

Using European standards and recommendations a coupling design was prepared. See Fig. 3, which shows one half of the coupling.  Three couplings of high strength steel (4340) were produced in Telecom's Bulimba Workshops, from commercially available billet. Two were for installation in the track cable, and the third for testing. The test coupling was sent to Bellenden Ker for socketing by the same personnel who would carry out the installation socketing, and returned to Brisbane where it was tested in a N.A.T.A. Registered Laboratory. Calculated working tension in the track rope at the coupling location is 20 to 22 tonne. The test coupling was subjected to 80 tonne tension without distress. On removal of the load, the threads could still be unscrewed by hand, indicating no yielding.


1.0.7	Tension and Operational Calculations 

With the counterweight disconnected and additional sags introduced into the system, it was calculated that a 16 tonne pull would be required at the top, against a 5 tonne back tension at the bottom.

The maximum haul length was from Tower 1 to the Top Station, a distance of 68 to 70 metres. (Therefore, approximately 16 hauls were anticipated).
Available new winch ropes were 800 metres of 11 mm diameter for-the top winch, and 500 metres of 13 mm diameter for the bottom winch. Both have a breaking load in excess of 9 tonne. The proposed winching setups, considering safety, speed, and balance of available bridles and sheave blocks, was 8 falls at the top and 4 falls at the bottom. This would use 560 metres of winch rope at the top and 280 metres at the bottom, having average winch rope working tensions of 2 tonne at the top and 1.25 tonne at the bottom. Fig 4 diagrammatically shows the winching setup and forces involved. The top winch had a rated capacity of 12 tonne, with the bottom winch 5 tonne.

The limiting speed of the operation was the rotation speed of the top winch, which is driven in and out by a hydraulic motor and has a deadman-operation band brake - that is, the brake is held off by hydraulic pressure and would engage on pressure loss. Speed of rotation, both in and out, is 4 revs per minute, and the average circumference on the working area of the drum is 1.75 metres.
Therefore, expected track rope movement = 1.75 x 4  =  0.875 metres/min.
					          	        8
Therefore, it was expected to take 60 minutes to winch in 70 metres and a further 60 minutes to winch out to the start-again position at Tower 1. Given clamping and unclamping times, it was expected that 2 hauls per day could be achieved, or a total of 8 hauling days.



PART 2 -. FIELD OPERATION

2.0.1	Preparatory  work.

The following preparatory work was carried out by the Bellenden Ker Staff prior to the arrival of the remainder of the workforce:
· arrange for fabrication of rollers and attach rollers to the saddle beams of Towers 2 to 8. (At Tower 1A, the roller was mounted on a lower platform) Approximately 50 total rollers were used.
· move car to Tower 6 and lift off track rope.
· lift track rope off saddles and place on adjacent rollers, on Towers 1A to 8.
· replace car on Tower 6 saddle.
· lift track rope off Tower 1 and Top Station saddle and allow to find its own level.
· erect scaffolding at Tower I, to facilitate clamping.
· fit winch ropes
· mount the new track cable on an axle and supports in front of the Bottom Station.
· disconnect the counterweight and let out additional sag into the system.	(An additional 47 metres was let out)
· pour the sockets and couple the new track rope onto the bottom end of the existing track rope.
· setup the clamps and sheave blocks.
· install safety clamp at Top Station.
· move equipment to its anticipated work locations.
· 
Prior—to the hauling operation, two supervisory personnel were flown along the cableway by helicopter to check that sags were satisfactory and as expected.


2.0.2	Communications 

Two separate communication systems were established. One was exclusively between the Top and Bottom winch operators, and the other allowed 2 way communication between Top, Bottom, and all Tower observers by hand held sets.

2.0.3	Labour and Accommodation 

The following personnel were located as indicated:
	Top station
	
	1
	winch	operator
	 

	 
	 
	1
	rigger
	 

	 
	 
	2
	assistants
	 

	 
	 
	1
	cook
	 

	 
	 
	1
	radio	operator
	(Control)



Towers 2,3,4,5,6,7,8:	1 observer on each

Bottom Station:		1 winch operator
1 rigger
2 assistants
1 radio operator

In addition:			1 safety and helicopter co-ordination
1 technical adviser
1 site engineer

Part way through the operation, the Tower 8 observer was no longer required, and one Bottom Station assistant transferred to the Top Station.

Accommodation:	Tower 2 to the Top – accommodated at Top Station.
Towers 3,4,5 - camp on site
Tower 6 to Bottom - in and out on a daily basis.

A combined briefing session was held before personnel were located at their stations.

2.0.4	Hauling Operation 

Having completed the establishment, the hauling operation commenced with the first haul on 29th October.
The two winch operators were in constant communication to enable them to start and stop winching at the same time. However, due to different winch speeds, the rate of haul in at the top was not always equal to the rate of let out at the Bottom. The role of the Tower observer was to advise control of any large variations in the sags adjacent to their Towers. In the event of loss of sag, the Top would stop winching until the Bottom had let more cable into the system to re-establish the desired sags. Top Station recommenced winching on advice from the observer that the sags were back to normal. The reverse would apply if the sags were approaching treetop level - the Bottom would stop letting out until the top winch had taken some of this excess sag out of the system.

The observers measured the length of cable passing their Tower by attaching coloured adhesive tape to the cable. At regular intervals, Control received by radio these reports of rope movement, for comparison with Top and Bottom records. This practice gave assurance that the cable was moving freely.

At the end of each haul, Top and Bottom measurements were recorded so the extra sag in the system and the lengths hauled in and let out were known at all times. Attached is a Summary of Track Rope movements recorded during the hauling. This shows that the nett extra length of cable in the system varied from 40 to 60 metres, which was found to be the safe, practical operating limits.

A dynamometer was provided on the last fall of winch rope at both Top and Bottom winches. These were constantly monitored as a backup to the Tower observers and records of lengths of cable hauled in and let out. Increases in dynamometer force indicated sag being pulled out of the system, while loss of dynamometer force indicated excess sag in the system. During hauling with average sag in the system, the dynamometer forces indicated a track rope tension of 13 to 15 tonne at the Top, and 4 to 5 tonne at the Bottom. (Expected calculated tensions were 16 tonne and 5 tonne respectively).

After the first haul, which was deliberately slowed down to enable the whole procedure to be checked, a rate of 5 hauls every 2 days (or 2 1/2 hauls per day) was achieved, against a planned rate of 2 hauls per day.

At the end of each haul, the tail of track cable, which had been walked out behind the winch, was cutoff.


2. 0.5	Inspection of Fault 

At the end of the 5th haul, the fault was positioned on the Tower 2 saddle.  Inspection confirmed that the fault had not travelled downhill in the cable, and hauling could recommence with the expectation of being able to cutoff at the expected length.

2.0.6	Additional cable from Top 

Two lengths of track cable each 100 metres were cutoff and laid out in recoverable coils. These were selected as being from the original Tower 1A to 2 spans, this being known to be free of defects. One was transported to the bottom by helicopter for socketing the necessary length to the end of the new piece of track cable. The second length was a reserve in the event of the first being dropped during transport.

2.0.7	Coupling Passing over Towers.
 
The coupling had to be passed over Towers 8 and 7 on its way to its final locations.

As the coupling approached within a few metres of the Tower, the Bottom winch was stopped, and some of the sag taken out by continuation of winching from the top.  Then, the top winch was stopped, and did not start again until the coupling had passed the Tower - control was by let out of the Bottom winch.

A lifting beam was attached to the track cable on either side of the coupling, and the cable lifted off the rollers. Then, Bottom winch let out to allow the coupling to travel uphill. The cable was lowered onto the rollers, the lifting beam repositioned, and the procedure repeated until the coupling was uphill of the Tower saddle.

2.0.8	Cable Termination 

At the end of haul 14, all of the new 942 metres of track cable had been let out from the Bottom.

Haul 15 was Top winch only, which required an additional 24 metres to achieve 3 lock turns and terminate around the bollard. (Extra was not allowed for a cable shift, because of the limited life of this repair).

After termination at the Top, there remained a calculated 33 metres of additional sag in the system. Pulling this back out of the system was commenced by the Bottom winch, with concurrent monitoring of the dynamometer. The tension increased as the sag was progressively pulled out. Since the counterweight was a known 20 tonne, the dynamometer force to correspond with a track rope tension of 20 tonne was calculated using sheave friction factors taken from Australian Standard CB2 (Crane and Hoist code), This tension was reached with the records indicating there was still 7 metres of additional sag in the system. This was selected as more likely to be the equilibrium point, as measuring errors could have been possible.

The desired location for-the second coupling was one third of the way up the counterweight tower, as it was felt that there could be further elongation in the new track cable under sustained tension. (The lay length of 238 mm measured unloaded increased 
to 241 mm, or 1.26% increase, with the application of 20 tonne tension).

A length of 8 1/2 metres was cutoff the end of the new track cable to achieve this coupling location.  A length of 32 metres of recovered cable was coupled to the end of the new section of track cable and terminated onto the counterweight. Two metres of track cable was then let out uphill, and the counterweight took over the tension, moving only 100 mm from its target location of 6 metres down from the top platform. This located the second coupling at the 14.2 metre mark on the counterweight scale. (The scale is from zero at the top of the tower, to 20 metres at the bottom).

2.0.9	Damaged Section of Track Cable 

The damaged section of track cable was bound, cut out of the system, and transported to the Bottom for examination.	It was partly dismantled in controlled manner, with proper recording, 
A full report will be available after laboratory examination, but the initial findings indicated 87 individual wire breaks over the 800 mm length.	(8 wire breaks in outer strands, 72 wire breaks in inner strands, and all 7 core wires broken). Some of these are repetitions, that is, a wire being broken more than once in that 800 mm length. However, over one local section of cable 50mm long, there is a total of 21 broken wires. (The total number 
of wires in the cable is 133; 1+6+12 = 19 x 7)

PART 3 - CONCLUSION 

3.0.1	Expected life

This type of repair should not remain in service for longer than 1 1/2 to 2 years, as the coupling between Towers 6 and 7 cannot be thoroughly inspected. Therefore, planning should now be initiated to place an order for a replacement track cable.

3.0.2	The replacement  Operation
 
There were lessons learned- during this operation, which should be noted for the full track cable replacement.
· more equipment such as sheaves, bridles, and shackles should be available to minimise the need for relocation from site to site by helicopter. Weather could delay helicopter operation.
· winching speed should not be significantly increased, as the limiting factor for winching in at the Top is the physical pulling through and disposal of the tail of the track cable.
· the cycle time could be reduced by acquiring quick acting clamps to replace the bolted clamps.
· a haul length of 70 metres should be retained, because of the constraint in the location of Tower 1.
· a redesigned, more effective safety clamp would be required at the Top Station'.
· the number of personnel proved to be correct.
· the temporary tower rollers were successful and could be re-used. One did lock up, and the friction of the cable running over the stationary nylon roller scoured it through to axle depth. Replacement rollers should be available, as the distance for the full haul is more than 5 times this haul.
· there should not be major radical departures from this now proven operation. Speed could sacrifice safety.	With the track cable moving at only 7/8 metre per minute, there was always sufficient reaction time for the workers, even towards the end of a long and tiring day, to respond and rectify an abnormal situation.

N. P. KROGH 
STRUCTURAL ENGINEER











 

SUMMARY OF TRACK ROPE MOVEMENTS 

	DATE
	HAUL N0
	DISTANCE MOVED (M)
	ADJUST TO LTH IN SYSTEM =BTM-TOP
=3-5
	NETT EXTRA LENGTH IN SYSTEM
=Σ7
	NOTE

	
	
	BOTTOM
	TOP
	
	
	

	
	
	PER HAUL
	TOTAL
= Σ3 
	PER HAUL
	TOTAL
=Σ5
	
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9

	PRELIM
	
	27
	27
	
	
	+27
	27
	

	26/10
	
	20
	47
	
	
	+20
	47
	

	29/10
	1
	58.7
	58.7
	64.8
	64.8
	-6.1
	40.9
	

	30/10
	2
	N.R.
	
	67.3
	132.1
	
	
	

	
	3
	N.R.
	201.2
	69.0
	201.1
	+0.1
	41
	

	31/10 
	4
	69.5
	270.1
	69.0
	270.1
	+0.5
	41.5
	

	
	5
	68.7
	339.4
	68.1
	338.2
	+0.6
	42.1
	1

	
	6
	71.4
	410.8
	68.1
	406.3
	+3.3
	45.4
	

	1/11
	7
	71.8
	482.7
	67.7
	474.0
	+4.2
	49.6
	2

	
	8
	74.3
	557.0
	69.0
	543.0
	+5.3
	54.9
	3

	2/11
	9
	70.3 
	627.3
	68.1
	611.1
	+2.2
	57.1
	

	
	10
	71.1
	698.4
	68.1
	679.2
	+3.0
	60.1
	

	
	11
	58.0
	756.4
	68.1
	747.3
	-10.1
	50.0
	

	3/11
	12
	41.2
	797.6
	41.5
	788.8
	-0.3
	49.7
	4

	
	13
	68
	865.6
	68.2
	857.0
	-0.2
	49.4
	5

	4/11
	14
	75.5
	941.1
	68
	925.0
	+7.5
	57.0
	6

	
	15
	0
	941.1
	24.0
	949.0
	-24.0
	33.0
	7

	
	16
	-26.0
	915.1
	0
	949.0
	-2.6
	7.0
	8

	8/11
	
	+2.0
	917.1
	0
	949.0
	+2 
	9.0
	9



NOTE	
	1. Fault on Tower 2 saddle.
 	2. Coupling passed over Tower B
3. Original Tower 2 location hauled out of system
4. Short haul, to locate fault in front of Top Station for 
                  Inspection at end of haul 13. Coupling passed over Tower 7.
5. Fault inspected outside Top Station at end of haul
6. End of new track cable 1.5m behind clamp. Confirms length of new cable at 942 m.
7. Top only winching, to get sufficient track cable to lock around  bollard.
8. Hauling back at bottom to 20 tonne track cable tension.
9. Counterweight re-hung.
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