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MONITORING CRITERIA
        GS2 Things that go bump in the night

Introduction

All too often things move when they should remain still. Sometimes they go back to where
they started; in other situations they continue to migrate. Depending upon the circumstances,
this may or may not be a problem.

Monitoring is about recording unintended movements and determining how the subject and
its surroundings are being affected.

Monitoring schemes need to be tailored to the individual circumstances: possible causes,
symptoms, the consequences if the movement continues. The schemes need to be appropriate
for incorporation into possible future legal actions.

The prime essential is repeatability: can the same operation be carried out next week, next
month, next year, next decade. Some of the monitoring activities we carry out are now old
enough to claim the vote, if they were human.

Planning

There is only one chance with a monitoring scheme: get it wrong when it is set up and there is
no way of obtaining retrospective data. This means that the scheme has to be fully thought
out and the possible implications assessed. All too often we see schemes which have been set
up in a hurry, without adequate preparation. These then fail to provide the information
required, or worse still provide misleading information which results in the wrong
conclusions being drawn.

Worst case scenarios must always be considered: it is no good finding that the eventual
movement which occurs goes off the end of the measuring scale (it happens!). Moving
objects can quite often travel surprising distances without falling down or over.

Any monitoring scheme needs to be designed to eliminate systematic errors whenever
possible or, as a last resort, to ensure that they remain the same and therefore can be removed
as part of the comparison process of repetitive data. This implies that there must be a rigorous
observational procedure to the monitoring: same measurements, same equipment, same
locations, possibly even the same time of day. The customer needs to understand this and to
take strenuous steps to ensure that any system set up can be operated in a consistent manner,
without frequent changes to pattern.

Plan, elevation or
verticality?

Apart from the appearance of cracks, level changes are the most obvious indication of
movement. However, it is possible for structures to suffer a sideways displacement of
considerable magnitude without a significant change of level. A settling structure may not
always move out of vertical, sinking bodily instead. Equally a structure which started to settle
during construction may end up by being vertical and level at the top, but with tapering
brickwork courses formed as the bewildered bricklayer attempted to keep things straight.

Some conclusion is needed as to the type of movements likely to be present before the
monitor system is installed. The reference points will also be dependent upon the security and
use of the site. Can the marks be left in place, or do they have to be designed so that they can
be removed between monitoring visits? In the latter case individual markers may be needed
for each position, to ensure there is no variation in position when refitted.

The implications of each type of movement also need to be considered, so that the monitoring
concentrates on those aspects which have a safety or cost implication (cost implications may,
of course, also include cosmetic implications – movement damage may significantly reduce
the value of a property, without making it in any way unsafe).
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Absolutely relative

Nearly all monitoring information needs to be relative. Absolute changes of position are
rarely important; changes of position between different parts of the structure are invariably
the subject of the monitoring. As well as this, there will often be a need to determine how the
structure is moving in relation to its immediate surroundings.

The information required and the extent of the surroundings will influence the type of
reference points on which the monitoring is to be based. A simple problem may be referenced
to another part of the structure nearby. More complex situations could call for substantially
engineered reference points installed at a considerable distance away, out of the area
influenced by the possible movements.

Mathematically, three reference points are needed to determine if the reference points are,
themselves, moving in relation to each other. This may not always be practical or necessary:
it largely depends upon the consequences of the suspected movement reaching a critical
point.

Referencing to the Ordnance Survey in the form of either benchmarks or coordinate
positioning will only give the broadest indication of gross movement, since the underlying
accuracies are not to a high order.

Duration

If the results of monitoring are to be meaningful then the time period must be greater than any
influencing factors. Quite often this will mean that a monitoring regime must run for over a
year. It is equally important to ensure the frequency of observations do not coincide with
possible inflexion points in those influencing factors. (If seasonal movements are suspected
then monitoring in April and October might show little change as the ground is likely to be
reasonably stable at these times, whereas January and July are likely to represent the peaks or
troughs). Normally monitoring at intervals of about a quarter of the suspected influence will
provide a good indication.

Matters become complicated when there are a number of influences: seasonal, tidal, local
loading, etc. On weak ground even occupational loadings can have a significant effect.
(Swapping the storage areas of tinned food and toilet rolls once tilted a warehouse by about 5
millimetres and cracked the floor.)

Equipment

The equipment needed will depend on the circumstances. It is not always necessary to have
highly sophisticated gear, but it is essential that the equipment can be used consistently and
produce repeatable results. Clearly, the smaller the movements that need to be recorded the
higher the quality of the equipment needed. As a general rule, the precision of the
measurements should be about a magnitude greater than the required result. In other words, if
5mm. movement is significant then the readings should probably be to ½ or 1mm. at worst.

As already mentioned, individual markers may be required for the monitoring points if these
have to be removed after each visit. Even where the markers can be safely left in position, it
might be necessary to fabricate up special mountings. Where the markers are to remain in use
for long periods, consideration has to be given to keeping them clear of dirt, vegetation or
other obstructions.

Summary

Before requesting a monitoring scheme to be set up consider the following:

• what are the likely movements expected?
• what are the consequences of the movement continuing?
• can the movement be controlled, or just monitored?
• what is the minimum interval over which significant movement might occur?
• what external factors might affect the movements recorded and are they cyclic?
• over what duration is the monitoring to extend?
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