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far safer and, incidentally, morereliable
indication of developing defects than
depending on the chance presence of a
piezometer at a critical location.
Systematic measurements of the
clarity of the seeping water, moreover,
provide vital information that piezome-
ters cannot supply. Indeed, walkover in-
spections by trained staff, on a
systematic basis, often furnish the first
and most significant indication of dete-
rioration. They may even, under some
circumstances, demonstratethe need for
instrumentation to clarify under-
standing of a new development, but the

instruments would then be located in
strategic places, not on some routine
geometric basis.

At the present mature state of earth-
dam design and construction, itisunjus-
tifiable to install instruments, which
inevitably introduce anomalies into an
embankment dam, for the vague pur-
pose of advancing the state of the art.
Only if there are specific questions, spe-
cific uncertainties about foundation or
abutment behaviour, or specific geome-
tries, materials, or foundation condi-
tions that depart from precedent, can
intrusive instrumentation now be con-

sidered essential or even desirable.

Monitoring of every dam is manda-
tory, because dams change with ageand
may devel op defects. Thereisno substi-
tute for systematic and intelligent sur-
veillance. But monitoring and
surveillance are not synonymous with
instrumentation.
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It is axiomatic that those who have the greatest interest in
reliable and high quality field data should have a major rolein
specifying the requirements and obtaining the data. Despite
this, many contracts assign the responsibility for selecting
geotechnical instrumentsand for field instrumentation services
to people with fragmented roles and limited interest in the
overall process. Two general categories for procurement of
geotechnical instruments, and for the associated field instru-
mentation services are considered in this article: the lowest-
price method and the professional service method. Pros and
cons of both are discussed, and recommendations made for the
use of the latter. The various tasks that relate to geotechnical
instrumentation and monitoring are defined, and references
are cited that give the views of othersin the profession.

The authors hope that thisarticle will be useful when trying
to convince decision-makers to adopt professional service

methods.
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1. Purposes of Geotechnical
Instrumentation and Moni-
toring

The term geotechnical instrumentation
and monitoring will be used in this arti-
cle to denote the entire process of plan-
ning and executing a monitoring pro-
gram that uses geotechnical
instrumentation.

Purposes of geotechnical instrumen-
tation and monitoring include:
 Protection of third party property
 Control of the construction method
» Fact-finding in acrisis situation
« Providing legal protection
« Enhancing public relations
+ Advancing the state-of-the-art

2. The Tasks

After the geotechnical instrumentation
and monitoring program has been estab-
lished by the project designers (including
preparation of drawings, specifications
and assignment of “response values’ —
those measured changes which will lead
to the initiation of response actions), the
varioustasksthat need to be assigned are



shownin Table 1.

Theeleven tasksin Table 1 represent
thekey linksin achain— any weakness
or discontinuity will threatenthe quality
of information and increase risk. The
importance of communication and co-
operation among the participants in
thesetaskswill be emphasised, and also
that the responsibility for the tasks
should be assigned to those who have
the greatest interest in securing reliable
and high quality data.

3. The Golden Rule for Assign-
ment of Tasks
The golden rule for assignment of the
tasksin Table 1l is:
To providethe best basisfor se-
curingreliableand high quality
data, and hence for securing
best value, the people who have
the greatest interest in the an-
swers to the questions should
have a major role in obtaining
the data.
However, many contracts award
geotechnical instrumentation and moni-
toring tasks on the basis of lowest price,
and often also divide the responsihilities
among severd parties. At best thistendsto
cresteamgjor challengein communication,
butismorelikely dsotoresultin fragmen-
tation and poor quality data.

4. Available Methods for Pro-
curement

Thefollowing basic procurement meth-

ods are considered. The first two meth-

ods in each category can be considered

as professional service methods.

4.1. Procurement of Geotechni-
cal Instruments

(8 The people who have the greatest
interestintheanswerstothe ques-
tions procure the instruments di-
rectly, making theselection onthe
basis of proven past performance,
and negotiate prices with suppli-
ers.

(b) The project designersenter an es-
timate of procurement cost in the
construction contract bid sched-
ule, and indicate that this is an
“dlowanceitem”. The site super-
vision team (SST) in close coor-
dination with the designers,
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Table 1. Tasks That Need to be Assigned

Term Used in ThisArticle

Task

Procurement of geotechnical
instruments

Procure instrumentation hardware and software, and make
factory calibrations

Field instrumentation services

Perform pre-installation acceptance tests on hardware and
software

Ingtall instrumentation hardware and software

Establish baseline readings

Maintain and calibrate instrumentation hardware on aregular
schedule

Establish and update data collection schedule

Collect data

Process and present data

Interpretations and response

Interpret and report data

actions

Review need for response actions

Implement necessary response actions

Table 2. Some Arguments for and against Professional Service Methods

Arguments Against

Counter-Arguments, For

The lowest-price method will give usthe lowest
price, which is what we want

What we need isreliable and high quality data,
and we do not often get that when lowest-price
methods are used. L owest-price methods
usually involve discontinuitiesin
responsibilities and tasks, creating barriersto
effective communication and teamwork

If geotechnical instrumentation and monitoring
work is not performed by the construction con-
tractor, responsibility and liability will be taken
away from the construction contractor, thereby
increasing responsibility and liability for the
project designer

These concerns can be addressed through
appropriate forms of contract, and by
arrangements such as partnering

If field services are performed by the SST, this
work may conflict with the work of the con-
struction contractor, mutual scheduling will be
aproblem, and responsibility for damage will
be unclear

These concerns can be resolved through ateam
approach backed by appropriate contractual
clauses

We've always done it thisway, therefore we're
going to do it thisway

Thisisnot a helpful argument, because it
doesn’'t acknowledge the need for reliable and
high quality data. Construction contractors may
seelittle or no direct benefit in the geotechnical
instrumentation and monitoring, and may
consider them a nuisance

We're required to do it thisway

Asimmediately above

It isthe sort of work that atechnician can easily
do

Yes, some of thiswork can be done by
technicians, but a significant part cannot
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Table 3. Example of Task Assighments. Amsterdam Metro North/Southline

Term Used in
ThisArticle

Task

Task Assignment

Procurement of geotech-
nical instruments

Procure instrumentation
hardware and software,
and make factory
calibrations

Specialist instrumentation firm under
contract to the owner [see 4.1(a) above]

Field instrumentation
services

Perform pre-installation
acceptance tests on
hardware and software

Ingtall instrumentation

Specialist instrumentation firm under
contract to the owner [see 4.2(a) above]

hardware and software
Establish baseline Data collected by specialist
readings instrumentation firm under contract to the

owner. Data evaluated by the owner and
project designers. All parties, including the
construction contractor, sign agreement to
these readings before start of construction
work

Maintain and calibrate
instrumentation
hardware on aregular
schedule

Specialist instrumentation firm under
contract to the owner

Establish and update
data collection schedule

Data collection schedule, both for
automatic and manual readings, is defined
in the contract between the owner and the
speciaist instrumentation firm.

Collect data

Process and present data

Data, both automatic and manual,
collected by the specialist instrumentation
firm, and transferred on line to the project
designer, owner and construction
contractor. Penalty clausesin the contract
between the owner and specialist
instrumentation firm for late presentation
of data. Project designer has developed a
database / visualisation system (GIS) for
rapid processing and presentation of data
on-line, which will also be used by the
construction contractor

Interpretations and
response actions

Interpret and report data

Interpretation by an “ Engineering and
Construct” (EC) team, consisting of owner,
project designer and construction
contractor, including if necessary the
specidist instrumentation firm

Review need for
response actions

EC team, with appropriate contract clauses
addressing the responsibilities

Implement necessary
response actions

Construction contractor

For further information about the monitoring systemand strategy for the Amsterdam

project, referece is made to Netzel and Kaalberg (2001).
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4.2.

subsequently selects appropriate
instruments for the construction
contractor to procure. Priceis ne-
gotiated between the SST and
suppliers of instruments, who
then become “assigned suppli-
ers’. The construction contractor
places orders on the instructions
of the SST, pays suppliers in-
voices, andisreimbursed at actual
cost plus a handling fee.

The instruments are procured on
the basis of lowest price

Procurement of Field
Instrumentation Services

If the construction contractor has a
dominant interest, he will be typically
responsiblefor all field services. Where
theowner and project designershavethe
dominant interest, the following con-
tract methods are considered:

@

(b)

The SST performsfidd instrumen-
tation services that require special-
ist instrumentation skills. If
necessary, theowner or SST retains
the services of afirm that specia-
izesininstrumentation, usingapro-
fessional service (time and
materials) method for payment.
Supporting work (that which does
not require specialist instrumenta-
tion skills) isperformed by the con-
gruction contractor.

The project designers provide an
estimate of the cost of specialist
field instrumentation services, in-
clude it as an alowance item in
the construction contract bid
schedule, and indicate that thisis
an item for an “assigned subcon-
tractor”. The SST subsequently
selects an appropriate specialist
firm, using a professional service
(time and materials) method for
payment. If the construction con-
tractor hashad previousbad expe-
rience with the selected firm, he
hastheright to reject thefirm asa
subcontractor, and the SST then
selects an alternative. The firmis
employed by the construction
contractor to perform field instru-
mentation work that requires spe-
cialistskill. Thefirmispaid by the
construction contractor, who is
reimbursed at actual cost plus a



handling fee. The construction
contractor performs supporting
work.

(c) Fedinstrumentation servicesare
undertaken either by the construc-
tion contractor or his subcontrac-
tor, on the basis of lowest price,
usually by including them asline
itemsinthebid scheduleor aspart
of alump-sum bid.

5. Discussion of Available
Procurement Methods

If the geotechnical instrumentation and
monitoring program has been initiated
by the construction contractor, it isrea
sonable to assume that the construction
contractor will select procurement
methods that are most likely to secure
reliable and high quality data. This par-
ticularly applies to applications of the
observational method (Peck, 1969;
Powderham, 1988) and to value engi-
neering (Powderham and Rutty, 1994;
ICE, 1996). It also applies to de-
sign/build contracts. The interest of the
construction contractor in reliable and
high quality dataisusually very evident
with these contractual arrangements.

The remainder of this discussion as-
sumes that the geotechnical instrumen-
tation and monitoring program hasbeen
initiated by the project designersin con-
sultation with the owner, as this is the
case for which the golden rule is often
forgotten.

The four professional service meth-
ods above [4.1 (a), (b) and 4.2 (a), (b)]
aremuchmorelikely toresultinthegoal
of securing reliable and high quality
data than the two |lowest-price methods
[4.1(c) and 4.2 (C)].

Whenthe4.1 (a) and 4.2 () methods
are used (geotechnical instrumentation
and monitoring work not performed by
the construction contractor), a concern
is sometimes raised that responsibility
has been taken away from the construc-
tion contractor, particularly in the event
that instruments malfunction. In the ex-
perience of the authors this can be alle-
viated by appropriate specification
wording, and the instruments are much
more likely to work well if professional
service methods are used.

Whenthe4.1 (b) and 4.2 (b) methods
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are used (assigned suppliers and as-
sighed subcontractors) a concern some-
times centres on the efficiency of
communication channels among the
SST, the subcontractor and the construc-
tion contractor. In the experience of the
authors, this has not been a problem in
practice. Within an effective team envi-
ronment such risks are minimized.
Thereare benefitsto using assigned sup-
pliers and assigned subcontractors for
geotechnical instrumentati on and moni-

toring work, with allowanceitemsinthe
bid schedule. These methods allow the
SST to retain control over the selection
of instruments and the personnel who
will perform instrumentation field serv-
ices. They also create flexibility to ac-
commodate the changes that are
inevitably required during construction.
The cost isincluded in the construction
budget — often asignificant issue. It is
important to note that the amounts for
allowance items that are entered in the

Table 4. Example of Task Assignments. Multi-section Tunnel Project
in North America

Term Usedin Task
ThisArticle

Task Assignment

Procurement of geotech-
nical instruments

and make factory
calibrations

Procure instrumentation
hardware and software,

Specialist instrumentation firm under
contract to the SST [see 4.1 (a) above]

Field instrumentation

services acceptance tests on

Perform pre-installation

hardware and software

Specialist instrumentation firm under
contract to the SST [see 4.2 (a) above]

Install instrumentation
hardware and software

Specialist instrumentation work by firm
under contract to the SST. Support work
by construction contractor [see 4.2 (8)
above]. In addition, construction contractor
ingtalls any additional instrumentation that
he deems necessary to ensure the safety of
thework

Establish baseline
readings

SST, together with construction contractor.
Both sign agreement to these readings
before start of construction work

instrumentation

schedule

Maintain and calibrate

hardware on aregular

SST. In addition, construction contractor
performs these tasks for any additional
instrumentation that he deems necessary to
ensure the safety of the work. Construction
contractor also collects data from

Establish and update
data collection schedule

instruments that have been installed by the
specialist instrumentation firm, to the
extent that he deems necessary to ensure

Collect data

the safety of the work

Process and present data

Interpretations and
response actions

Interpret and report data

SST in conjunction with project designer.
Also construction contractor

Review need for
response actions

response actions

Implement necessary

Construction contractor
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bid schedule by the project designers
should not be regarded as limiting, and
the contract price should be increased
by change order if needed.

Additional guidelines on use of pro-
fessiona service methods are given by
Dunnicliff (1988, 1993).

Some of the arguments that the
authors have heard against professonal
servicemethodsareincludedin Table 2,
together with the counter-arguments.

6. Examples of Task
Assignments

Tables 3 and 4 gives examples of task
assignments for two projects, and illus-
trate the adoption of professional serv-
ice methodsfor geotechnical instrumen-
tation and monitoring. The listed tasks
arethe same asthose in Table 1.

7. Summary of Some
Comments in the Literature

Thequotationsin Tables5 and 6 refer to
procurement methods and performance
of geotechnical instrumentation and
monitoring.

These quotations can be useful as
precedents when trying to convince de-
cision-makers to accept a professional
service method. In the event that, de-
spite strong attempts to convince them
otherwise, they insist on using the low-
est-price method, specificationsfor pro-
curement of instruments and for field
service must be clear, completeand cor-
rect. Guidelines on the content of such
specifications are given by Dunnicliff
(1988, 1993, 1999).

8. Summary

The authors strongly believe that
geotechnical instrumentation and moni-
toring should be considered asaprofes-
sional service, rather than alowest-price
construction item. Professional service
methods within ateam environment are
the best way to ensure best value for the
expenditureon instrumentation, aninte-
grated win-win approach and good mo-
tivation, and therefore reliable and high
quality data.
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Comment Reference
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