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1 Introduction 

The Loch Shin Hydroelectric scheme lies to the southwest of Loch Shin in 
Sutherland.  The town of Lairg is around 20kms to the southeast of the power 
station outlet on the southwest shore of Loch shin.  The piped connection from the 
River Cassley inlet to the generating station is around 3kms. 

This document sets out the potential risks to Scottish Southern Electric’s (SSE), 
Sallachy Tunnel due to construction of the proposed wind turbines.  The works 
consist of construction of a haul road including compaction, excavation of rock 
from a borrow pit, excavation for turbine bases and movement of heavy vehicles 
and plant along the haul road during construction (see Figure 1).  The risks 
associated with these processes are assessed in this document. 

 

 
Figure 1 - Site Layout 

 

Based on this layout and a drawing showing the tunnel profile (MacDonald and 
Partners’ Drawing L.S.1709, October 1964 Appendix A), for the purposes of the 
following assessment, the construction activities closest to the tunnel are assumed 
to be as set out in Table 1. 
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Excavation location Approx depth to tunnel (m) Minimum slope distance to tunnel (m) 

Borrow pit 190 190 

WTG19 Foundation 250 300 

Haul road 130 130 

Haul road 160 160 

Haul road 250 250 

Table 1 - Assumed minimum distances of construction works form the tunnel 

At the time of writing, no information has been made available about the 
condition of the tunnels.  However, a telephone discussion was held with SSE’s 
Civil O&M Manager for Renewable Generation, confirming that the tunnels were 
last inspected in 2009, as part of a six year cyclic programme.  Although in his 
experience, problems with poor quality concrete tunnel linings are not uncommon, 
he was not aware of any specific issues with these tunnels. 

The tunnel lining in the vicinity of the proposed works is thought to be cast in situ 
concrete.    

2 Geology 

The published 1:50000 Geology Sheet 108W, (Figure 1), shows that the strata in 
the area belong to the Morar Group of the Pre-Cambrian, Moinian Age, as 
indicated in light brown on the map.  The main rock type is described as a 
metamorphosed siliceous and micaceous Psammite, a term applied to altered 
medium grained sandstone.  The strata are shown to be inclined at varying degrees 
and generally in a northeast direction.  Where identified in more politic, 
(schistose), rock, the foliation trends to the east at between 30° and 35°. 

The Moine Thrust crosses through the area some 1.5kms to the west and two other 
thrust zones, (one of which is named as the Achness Thrust), cross the area in the 
line of the pipe route.  The will probably identified in the rock mass by highly 
fractured and altered zones of rock dipping in an easterly direction beneath the 
route.  

The likelihood is that the rock mass will very strong, although fractures will 
probably be present throughout.  The layers tend to be quite thin at less than 
200cm, possibly making ripping of the rock possible only at shallower depth 
where the rock could be more weathered, but blasting will be necessary otherwise.    
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Figure 2 -Extract from Geology Sheet 108W showing bedrock. 

3   Vibration damage criteria 

Underground structures in a good condition, including concrete lined tunnels, are 
inherently very robust structures and not greatly susceptible vibration. If they are 
in poor condition they will be more vulnerable, particularly to exposure to 
repeated vibration of lose elements.  In the case of the Sallachy Tunnel, or any 
other water tunnel, it might be expected that any loose material would be 
disturbed or dislodged by the flow of water.  Therefore, if there is no record from 
tunnel inspections of visible degradation, a robust structure is expected. 

The following provides a summary of information providing guidance on tunnel 
vibration damage criteria.  The parameter used to assess vibration damage risk is 
the peak particle velocity (PPV).  The PPV has been found to be most closely 
correlated with reports of building damage. 

3.1 BS 7385:Part 2:1993 

Guidance on vibration damage to buildings is given in British Standard BS7385 
Part 2 1993 (Evaluation and measurement for vibration in buildings.  Part 2.  
Guide to damage levels from groundborne vibration provides guidance on damage 
levels to buildings).  In specific relation to tunnels, the guidance is limited to: 

“Structures below ground are known to sustain higher levels of vibration 
and are very resistant to damage unless in very poor condition”. 
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The word “higher” in the above may be assumed to mean higher than for above 
ground buildings, for which the Standard states: 

“the probability of damage tends towards zero at 12.5mm/s peak 
component particle velocity.” 

On this basis, it may be concluded that a 12.5mm/s criterion for a concrete tunnel 
in a good state of repair would be cautious. 

3.2 BS 5228:Part 2:2009 

Guidance is also provided in BS 5228:Part 2:2009 (Code of practice for noise and 
vibration control on construction and open sites.  Part 2: vibration), although there 
is no guidance specific to tunnels.  This standard also includes information for 
retaining walls and underground services, which is partially relevant. 

Under the heading “retaining walls”, it is stated that: 

“For slender and potentially sensitive masonry retaining walls it is 
recommended that threshold limits for ppv of 10mm/s at the toe and 
40mm/s at the crest should generally be adopted.” 

For propped or tied walls, which could be considered to be more analogous to 
some types of tunnel lining, vibration limits 50 to 100% greater than the above are 
considered acceptable. 

For “underground services”, BS 5228 recommends a maximum ppv of 30mm/s 
for intermittent or transient vibration and 15mm/s for continuous vibration.  For 
“elderly and dilapidated brickwork sewers” these values should be reduced by 20 
to 50%.  Metal and concrete pipes are noted to be less vulnerable to vibration. 

On the basis of the guidance in BS 5228, it may be considered that a PPV of 
30mm/s (transient) or 15mm/s (continuous) or greater should be acceptable for a 
concrete tunnel, providing that it is in a good state of repair.   

3.3 Other sources of information 

Transport and Road Research Laboratory (TRRL) Research Report 53 (Ground 
vibration caused by civil engineering works, BM New 1986) included a review of 
damage criteria from various countries.  The then extant Swiss standard included 
the criteria reproduced in Table 2 for a range of structures, including tunnels. 

Frequency bandwidth (Hz) Blasting induced PPV (mm/s) 
Traffic or machine induced PPV 
(mm/s) 

10 – 60 30  

60 – 90 30-40  

10 – 30  12 

30 – 60  12-18 

Table 2- Extract from Swiss national standard taken from TRRL Research Report 53. 
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The current Swiss standard SN 640 312a 1992 provides the guidance for tunnels 
given in Table 3. 

Repetitivety of vibration Typical sources Maximal resultant ppv Vr [mm.s-1] 

<30Hz 30-60Hz >60Hz 

Occasional (<1000 cycles) Blasting 30-45 40-60 60-90 

Frequent  Vibratory or percussive 
piling 

12-18 16-24 24-36 

Continuous (>100000 cycles) Traffic 6-9 8-12 12-18 

Table 3 - Summary of vibration limits for tunnels from SN 640 312a 1992 

In a separate report (Research Report 181, Trial and construction induced blasting 
vibration at the Penmaenbach Road Tunnel, BM New 1991) it is reported that 
during the tunnel blasting works, British Rail agreed to a vibration limit in their 
adjacent unlined tunnel of 50mm/s ppv, reduced to 25mm/s in portal areas). 

3.4 Summary 

Based on the guidance described above, it is clear that tunnels can sustain 
appreciable levels of vibration. 

As a cautious basis for initial assessment, the following criteria are suggested, 
assuming the tunnel to be in reasonably sound condition: 

 Impulsive vibration (blasting)   30mm/s 

 Continuous vibration (vibrating rollers) 12mm/s 

4 Predicted vibration 

Very precise prediction of vibration is not possible without undertaking 
measurements directly on the site but methods are available for estimating 
vibration from various sources; these are discussed and applied below. 

The predictors have generally been developed for vibration at the ground surface.  
For sources of vibration operating at the ground surface, the vibration at the 
ground surface at any distance from the source will be higher than the vibration at 
an equivalent distance but below ground.  This is because the majority of 
vibration propagates at the ground surface.  

4.1 Blasting 

Blasting has the potential to cause the highest vibration from any construction 
activities and should be carefully controlled.  The main factors affecting the 
vibration magnitude are the distance from the blast and the maximum 
instantaneous charge weight (charge weight per delay).  

To establish the most robust predicted vibration, blasting trials are required on the 
site using small charges to determine a site law relating PPV to charge weight and 
distance. 
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A generally applied approach takes the form  

 PPV = K (r / M0.5)-n 

Where K and n are site-specific parameters 

r is the distance from the blast (m) 

M is the maximum instantaneous charge weight (kg) 

TRRL Research Report 53 states that typically  

• K is in the range 700 – 2000 and  

• n is 1.5 – 2. 

Using the assumed shortest distance from the borrow pit and foundation (from 
Table 1) Table 4 presents the predicted PPV at the tunnel for a range of charge 
weights. These are based on the worst case assumptions for K and n (ie K = 2000 
and n = 1.5) and all predict well below 30mm/s. 

Excavation location Approx depth to 
tunnel (m) 

Minimum slope 
distance to tunnel (m) 

PPV (mm/s) 

10kg 25kg 50kg 

Borrow pit 190 190 4.3 8.5 14.4 

WTG19 Foundation 250 300 2.2 4.3 7.2 

Table 4 - Estimated blasting vibration for three different charge weights 

4.2 Haul road compaction 

The haul / access road will require compaction of fill, which is most efficiently 
achieved using a vibrating roller.  Vibrating rollers give rise to continuous, 
approximately sinusoidal, vibration. 

The PPV at the ground surface can be calculated using the equations in British 
Standard 5228 Part 2.  There is no established method for predicting subsurface 
vibration so surface vibration is used as a proxy.  This will lead to a conservative 
(over) prediction of exposure at the tunnel, so errs on the side of safety. 

Assuming compaction would use a heavy single drum roller, either self-propelled 
or towed, the following estimates of vibration, Table 5 predicts the vibration that 
would arise.  The predictions assume a nominal amplitude of the vibrating drum 
of 2mm.  Given the scatter that arises in vibration data, statistical values are 
provided showing the probability of the vibration being exceeded. 

Distance (depth) to tunnel (m) Probability of exceedence (%) PPV at tunnel (mm/s) 

130* 50 0.1 

130* 33 0.3 

130* 5 0.5 

Note: *minimum distance (depth) of haul road from the tunnel (see Table 1) 

Table 5 - Predicted vibration from compaction plant 
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4.3 Vehicle movements 

Vibration from vehicles and plant moving around the site will be significantly 
lower than vibration from the construction activities and presents no risk of 
damage to the tunnel.  

5 Monitoring 

Vibration monitoring should be carried out to ensure the safety and integrity of 
the tunnel.  Given the logistical complexity of measuring vibration within the 
tunnel, a system of proxy measurement at the ground surface would be required. It 
may be possible to carry out site trials to demonstrate conclusively that none of 
the works present a risk to the tunnels.  Monitoring should not be discontinued 
without the prior agreement of SSE. 

For surface construction works, vibration at the ground surface will be greater 
than at depth.  Trigger levels can therefore be safely set at the vibration limit.  
Two stage alerts are recommended, with a lower level being provided to give a 
warning that the limit maybe reached.  This should prevent the criterion being 
exceeded and enable the contractor to be prepared to respond.  

6 Conclusions 

This document provides an assessment of the risks to the Sallachy Tunnel due to 
vibration from construction works.   

Assuming the tunnel to be cast in situ concrete and in good condition, the 
following vibration limits are proposed: 

 Impulsive vibration (blasting)  30mm/s PPV 

 Continuous vibration (vibrating rollers) 12mm/s PPV 

The predictions show that typical construction plant will not cause these to be 
exceeded at the tunnel, although blasting vibration will depend on the charging 
patterns, which will need to be designed to ensure compliance.  Blasting trials to 
determine the site vibration characteristics are recommended. 
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