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C.1.2 Resulting Movements 

   Extensometer XR11000. 
The monitoring data for the extensometer at street level located at 12m from the axis of the EB 
TBM (C435-XR11000) is shown in Appendix B.

The passage of the EB TBM is shown to have caused a maximum settlement of 10mm, 
recorded on the extensometer rod at 34m below street level. After TBM, the extensometer 
shows a trend of movement, adding another 2mm. During the PTE construction works, the 
extensometer show a maximum settlement of 28mm more, recorded on the extensometer rod at 
34m below street level. During two months after the completion for PTE, the extensometer 
shows a small trend of movements. 

After these works, maximum settlement captured on this extensometer was 42mm record at 
34m below street level. 

Inclinometer IM00003. 
The monitoring data for the manual inclinometer located at 12m from the axis of the EB TBM is 
show in Appendix B. 

As usual the movements captured during TBM passage are minimums. This is caused because 
the TBM cross the area very quickly, and tunnel section is done at the same time. In this case 
the maximum horizontal movement captured by the inclinometer is around 2-3mm into the 
tunnel at the bottom level of the tunnel in A+ direction. In B+ direction the inclinometer didn’t 
show significant movements. 

During the PTE construction, the inclinometer showed the maximum movements. The 
inclinometer was inside the influence area for the construction around one month, capturing the 
movement as soon as the inclinometer was inside the PTE influence area. During this period, 
the maximum movement showed by the inclinometer on A+ direction was 8-9mm into the tunnel 
at the axis level for PTE. The movement on B- direction looks like a kink, but the trend for the 
movement is slowly and the direction of the movement is the correct because the inclinometer 
was moving to the tunnel. So, for this reason, the movement on B- is real, in this case, the 
maximum on this direction was 6-7mm.  

Once the inclinometer was outside the influence area for PTE, the movements captured showed 
stable conditions. Also, in the last readings the trend of the movements showing how the 
inclinometer moves to the original position, in both directions. 

At the end, the maximum movement captured by this inclinometer was caused by the PTE 
construction was 7-8mm at the tunnel axis level. 

Inclinometer IM00004. 
The monitoring data for the manual inclinometer installed at 11m from the axis of the WB TBM 
is show in Appendix B. 

The first graph for this inclinometer is showing the movements before and after the TBM. As is 
usual, the inclinometers didn’t capture significant movements caused by the TBM. The reason 
for this is the construction method. The maximum movement is 2-3mm. 

During the PTW construction works is when the inclinometer captured the maximum 
movements. In this case the maximum horizontal movement was 10mm on A+ into the tunnel. 
As is usual, the inclinometer showed the maximum movements on the tunnel axis level. As the 
graphs show, the two readings that show the maximum movements match with the dates when 
the PTW cross the location for the inclinometer. After PTW cross the inclinometer, the readings 
show stables. 
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Once the inclinometer was outside the influence area for PTW, the horizontal movements 
showed stable conditions. 

Extensometer XR14000. 
The result for the monitoring data for the extensometer XR14000 is shows in Appendix B. 

The extensometer was installed at street level at 9m from the axis of the WB axis tunnel. This 
extensometer was affected by WB TBM, PTW enlargement and some grouting episode from 
Shaft 3. Before the extensometer was inside for the influence area for WB TBM, some grouting 
episode was carried out from shaft 3. This grouting caused 2-3mm maximum heave. During the 
TBM passage, the deeper anchor (34m below street level) for he extensometer captured 4mm 
maximum of settlement. Significant residual settlement was captured by the extensometer after 
the TBM, adding 10mm more. 

Before the extensometer was affected by PTW works, some grouting episodes were carried out, 
caused 4-5mm heave in the anchors above the TAM’s level. When the extensometer was 
affected by the PTW, the maximum settlement was -32mm at 34m below the street level. After 
the PTW some residual settlement was captured, adding 4-5mm more, until April 2015. From 
this date, the extensometer is showing stable conditions.  

In total, the maximum settlement captured by his extensometer was -38mm at 34m below street 
level.

Extensometer XR12000. 
The monitoring data for the extensometer XR12000 is show in Appendix B. 

The extensometer XR12000 was installed at the street level at 10m from the EB TBM axis. He 
deeper anchor is at 34m below the street level. 

The extensometer was affected mainly by EB TBM and PTE works, although the extensometer 
is so far for the CP4 cross passenger (25m) some movement was captured by the 
extensometer.

During the TBM works, he movements caused in the extensometer was 3-4mm settlement. 
After this work, small trend in the movements caused another 3mm more. 

During the PTE is when the extensometer showed the maximum movements, around 35mm 
settlement, captured in the deeper anchor. After this period, the trend for he movements was 
small, adding only 1-2mm more. 

During the CP4 and PTE connection, he extensometer was affected, showing another 8 mm 
more in settlement, until December 2014. From this date the extensometer shows stable 
conditions.

C.2 Trigger Breaches 
The Instrumentation and Monitoring Plan: Farringdon Station Ground Movement and Asset 
Protection C122-OVE-C2-RGN-M123-50013 in section 6.1, no triggers are applicable for in-
ground monitoring. 

C.3 Significant Issues with the Instrumentation 
No issues with these devices. 

C.4 Residual Risks 
The rates of residual settlement for the extensometer have been determined and in all cases 
these rates are less than 2mm/year. No rates for the horizontal movements are applicable. 
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