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1. | NTRODUCTI ON

It is a characteristic of wunderground works that technical and
econonic decisions have to be considered under conditions of
uncertainty. This uncertainty arises fromthe inability to form a
conplete structure of the nmedium the rock mass, in ternms of
geol ogi cal and geonechani cal properties before construction

limtations of the existing nethods of rock-excavation interaction
analysis as well as from the variability in human and equi pnent
performance and political and economcal factors. Al these
factors result in a highly risky environnent.

Practitioners in the field of ground engi neering have been deal i ng
with this “risky” environment using their experience, often
resulting in expensive and conservative design solutions.
Probably, up until recently, this was acceptable, but under the
current global conditions of budget restraint, highly conpetitive
mar kets, and society’s awareness of risk, an evaluation of risk is
often explicitly required.

In other fields of science and engineering, decisions under
uncertainty have been routinely addressed using Bayesian updating
(1763; Harr, 1987) but only occasionally dealt with in tunneling
due to the conplexity of the nmedium and a lack of suitable and
effective tools for performng such an analysis. Decision Aids in
Tunneling, DAT, is a tool that was especially devel oped to respond
to this challenge.

2. DECI SION AIDS | N TUNNELI NG ( DAT)

DAT was devel oped by Massachusetts Institute of Technology and
Ecol e Pol ytechni que Federal e de Lausanne (Einstein et al., 1992),
and applied by Geodata to actual tunneling situations. DAT is
designed to cope wth the inherent wuncertainties related to
geol ogi ¢ and geonechani cal parameters and to duration and cost of
construction operations.

DAT is a sophisticated software that provides an inportant step
towards decision managenent under conditions of uncertainty in
under ground works, and therefore has the potential for assisting
in the planning of underground operations. DAT el aborates geol ogic
and construction data in a probabilistic manner by wusing an
articulated sequence of <calculations. In this mnner, it is
possible to provide the tine and cost predictions for individual
construction phases, highlighting the uncertainty in these
predi ctions.

DAT assists in the decision-naking process in several ways:

- by interpreting probabilistically the partial know edge rel ated
to the medium (ground conditions), and the uncertainty related to
t he geol ogi c- geonechani cal nodel ;

- by updating the paranetric values of a project on the basis of
information integration comng from the site investigation phase
and observations during construction, sinmultaneously evaluating
the variation in the prelimnary nodel;
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- by realistically nodeling any design alternative; by changing
for exanple the excavation nethod and direction, the nunber of
excavation phases, and imediately providing a probabilistic
estimate of construction cost and tinme figures; and

- by providing a basis for conparison of different design
solutions in terns of tinme/cost and their associated confidence
limts.

DAT can be applied in all project phases: fromprelimnary and
feasibility studies to detailed design during construction. DAT is
a useful decision-making tool for all parties involved in the
project - owner, contractor, and designer - in scheduling and

al l ocating resources including time, during all the phases of a
proj ect.

2.1 DAT Structure

DAT develops a series of probabilistic possible profiles, each of
them conposed of a succession of “ground classes” (see section
2.2) These *“ground classes” are coupled with design solutions
which are associated with construction tinme and cost that are
entered in the nodel in the form of a statistical distribution.
Each sinulation corresponds to a geonechanical profile giving as
an output a point in the time and cost diagram The generated
scatter cloud depicts the uncertainty and variability of
geonechani cal and construction related paraneters. In particular,
the nodeling of the ~construction process allows for the
statistical sinulation of:

- the main excavation nmethods (conventional and mechanical);

- the different nodes of excavation-advancenent orientation (one
or nore excavation faces, adits, etc.); and

- the variability of time and cost of the different construction
operations (including scheduled and unplanned delays, also as
related to the distance fromthe face).

Depending on the actual project phase the sinulation can be
performed for each construction task.

DAT consists of two nodul es, the geol ogy and constructi on ones.

2.2 The “Ceol ogy” Modul e

DAT represents, in a probabilistic manner, the geologic and
geotechnical data assuming a Markov process (1912; Harr, 1987)
where a paraneter state depends only on its npbst recent condition.
In the “Geology” nodule all relevant variables (geological and
geotechnical) whose states conbinations define technical classes
(which are referred to as “ground classes” in DAT and hereafter)
are input in the program in a probabilistic form A certain
desi gn, defined by a nmethod of excavation and support measures, is
coupled with a technical class. In sunmary, the process of a
probabilistic profile generation (see Figure 1), in terns of
all ocation of ground classes to the tunnel alignnent, consists of
the foll owi ng steps:

1. Subdivision of the alignnent in honogeneous zones defined by
simlar geological and geonechanical conditions. The l|ength of
these zones can be given in a triangular distribution form [mn,
node, max].

Geodata * Turin R1200. 01c
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2. For each honpbgeneous zone, the geological and geotechnica
paranmeters that control the excavation nethod and determ ne
support neasures are defined also in terns of their possible
(paraneters) states.

3. For each paraneter the average state extent and the
transitional matrix are provided. Paraneters states can also be
assigned deternministically along the tunnel alignnent.

4. Conbi nation of paranmeters states provides the ground cl asses.

An exanple is given in Table 1 for a certain honbgeneous zone (see
Section 5) as defined by five paraneters and their associated
st at es.

Tabl e 1. Exanple of a possible set of paraneters and associ at ed
states for a honbgeneous zone

Par anet er P1 P2 Ps P4 Ps Ps
St at e (MPa) (% () (*) | (MPa)
S <25 <25 <60 0 <1l yes
So 25-50 25-50 60- 200 10 1-3 no
S3 50- 100 50- 75 200- 600 20 >3 -
Sa 100-250 | 75-90 | 600-2000 25 - -
Ssg >250 90- 100 >2000 30 - -

Note: p;: Uniaxial conpressive strength of the rock material, Co; p, rock
qual ity designation, RQD, ps3: discontinuity spacing; ps discontinuity
condition; (*) ratings according to RVR system (Bi eni awski, 1989);
ps: lithostatic pressure; and Ps: presence of groundwater.

G ven this input data, the program then assigns paraneters states
to segnents of the zone according to Markov theory and sanpling
fromthe relevant distribution. The lengths of these segnents are
distributed according to a negative exponential distribution which
is defined by the average extent of a state paraneter.

The process is repeated until the cumulative length of the
paraneter states segnents is equal to the zone length for each
zone, for each parameter. In this way the program produces an
alignnment profile for each paraneter. It is inportant to note
that, if precise information is available, such as data com ng
fromthe site investigation phase of a project, it is possible to
entered the data in the nodel in a determ nistic way.

The program continues by conbining the paraneters profiles
according to the paraneters states conbination to ground class
matrix allowing for the generation of a ground class profile as
shown schematically in Figure 2.

2.3 The “Construction” Mdul e

The ground classes are coupled with design solutions which are
associated with tine and cost. Construction paraneters can be
defined in a determnistic and/or probabilistic manner, where (in
the probabilistic way) frequency distribution curves represent the
uncertainty |level associated with each activity. The |evel of
detail in the input paraneters and, as a result, the precision in
the simulation output depends on the project stage phase. For

Geodata * Turin R1200. 01c
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exanple, in a detailed design stage it is possible to consider
every single working activity and its variability.

The sinmulation of construction operations (Figure 1) is based on
the Monte Carlo nmethod (Metropolis and U am 1949) and foll ows,
round- by-round, the already defined ground class profile. For each
round, the program sanples a set of time and cost values fromthe
rel evant distributions of each operation in the excavation cycle.
The procedure is repeated for all the segnments of the profile
adding up to a cost and tinme final value corresponding to that
profile and to a point in the tinme vs. cost scatter diagram This
procedure is repeated for each profile generated by the “geol ogy”
nodul e. To have a statistically significant result, it is usually
necessary to do nore than 200 sinul ation runs.

The program DAT allows to nmanage different tunnel excavation
sequences such as multiple faces, excavated concurrently or in
sequence, or sinulate the construction of nore than one tunnels in
a project. DAT also allows for nanagenent of resources such as
construction materials and personnel. Delays and/or schedul ed
interruptions in the working sequence can also be included in the
construction sinmulation. The nunber of construction options as
well as the integration of design and construction scheduling
aspects particular to a project are only limted by hardware
constraints.

3. USI NG DAT I N THE DESI GN PROCESS

The potential of the system DAT in all the project phases is based
on the designer’s ability to relate to each technical solution a
correspondi ng conbi nation of paraneters states. In other words, it
is necessary to depict the design process on DAT nodules. This
procedure can be relatively sinple when wusing the enpirica
approach to design for which a conbination of paraneters states is
associated with a design solution. Yet, this procedure can becone
conpl ex when an el aborate design approach is used, |ike the one
suggested by the National Project for Underground Construction
St andards (1995, in devel opnment) under the section “QGuidelines for
Design, Tender and Construction of Underground Structures”. In
respect to these Guidelines, a procedure of sequential studies has
to be followed, (before the discretization of the profile in
segnents) on the basis of the follow ng itens:

Geot echni cal - geonechani cal characteristics
In-situ stress regine

Excavati on geonetry

Over burden

Li t hol ogi cal characteristics of the Fornmation
Hydr ogeol ogi cal condition

Desi gn constraints

Based on this list of principal itens it can be derived that the
design solution has to be associated with different conbinations
of the listed paraneters states. The input of the key paraneters
in the base nodules of DAT can follow the conceptual schene of
Tabl e 2.

NooARWNE
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Tabl e 2. Conceptual schene for the definition of ground classes

Phase St udy Principal itens
A Definition of geomechani cal groups 1
B Definition of behavior categories 1,2,3
C Definition of technical classes 1,2,3,4,5,6,7

In phase A it is often useful to refer to classification systens
that allow the determnation of rock mass quality indexes (i.e
the Geological Strength index - GSI; Hoek et al., 1995 and the

Rock Mass Index - RM; Palnstrgm 1996). Depending on the
avai l able information, it is possible to probabilistically
quantify each parameter of the index or the index itself. 1In
respect to phase B, Geodata  has recently developed a

classification system based on the predicted deformation of the
excavated face and the tunnel using analytical and/or numerical in
conjuction with the enpirical approach to design (Figure 3). After
t he behavi or categories have been defined; the eventual influence
of other paraneters in the definition of the ground classes is
anal yzed, phase C. The resulted ground classes are associated with
di fferent design sol utions.

Table 3 depicts this three-phase procedure as it is applied for

the paraneters of Table 1. For each phase the rel evant paraneters
are identified.

Table 3. Selection of significant paraneters

Phase Sel ect ed Paraneters
A P1, P2, P3, Pa
B P1, P2, P3, P4, Ps
C P1, P2, P3, P4, Ps, Ps

The total sum of the possible conbinations of the paraneters
states to which a certain nunber of design solutions can be
associated with is given by the product of the nunber of the

possible states of each parameter (ny), Mny . For the exanple of
Table 1 the nunber of conbinations is: 5x5x5x5x3x2=3750. DAT
requires each of these conbinations to be coupled to a design

solution, (usually <10), a process which is extrenely |aborious. To
overcone this, especially in phase A the paraneters states can be
conmbi ned in a geonmechani cal quality index.

In the followng sections the application of system DAT is
denonstr at ed.

4. EXAMPLE APPL| CATI ON OF DAT

The study involves the preparation of tender design of a three-
| ane highway tunnel having a length of 3600m and an average
excavation di aneter of 15.0m under a maxi mum over burden of 150m

Geodata * Turin R1200. 01c
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ANALYSIS
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BEHAVIOR CATEGORY a|bjcjdje]|f
Curve caratteristiche Interventi di stabilizzazione
Classe Fronte Cavo Characterlstic curve Stabilization measures
Category Face Cavity al fronte - at the face ( ) Funzione prev. Tipologia
e o distanza - at a dist. ( ) Primary function Type
stabile ) oA
Sane
a L S>1 . . S>1
(lievi instabilita di blocchi) R/IR. =1
(limited block instability) Pt ™ > PP,
globalmente stabile globlalt;nﬁnte sézlibile )
globally stable 9e as)ilsta © Confinamento Radiale
b (cinem atisisr:ildi blocchi) (cinemgtisimi di E:pcchi) Confinement Radial
(wedge instability) (Wwedge Instabiliy) > P/P,
p'fro —
da stabile a leggermente instabile
instabile - limit condition unstable
S S<1 >Confinamento Radiale
c (bassi gradienti deformativi) (poco spingente) >Confinement Radial
(low deformation gradient) (light squeezing) > p/P
(8, 0.5%) Ry/Ro01-2 i'Fo
instabile: fronte plasticizzato ma : f
stabilita non critica Lnnsstgglli Confinamento e/o Radiale ed
not critical face instability S<1 miglioramento eventualmente in
d (S<1) (spingente) Confinement avanzamento
(medi gradienti deformativi) (squeezing) and/or Radial and eventually
(medium deformation gradient) Rq/R _ 2_94 improvement in advance
(0.5%<8, <1.0%) P
instabile: condizioni critiche instabile
critical instability unstable Miglioramento e In avanzamento e
S<1 S<1 confinamento radiale
€ (elevati gradienti deformativi) (spingente) Improvement and In advance and radial
(high deformation gradient) (squeezing) confinement
(8 21.0%) Ry/R, >4
instabile a breve termine Midli y |
short term stability ] ) ig |or§1mento e/o n avanzzlalmento e
f s<1 instabile confinamento radiale )
(immediate condizioni di colasso) unstable Improvement In advance and radial
(immediate collapse) S<1 Lo and/or confinement
RIP, > Pi/Po
Note:
S=Rapporto di mobilitazione (resistenza/sollecitazioni) Confinamento: Intervento teso ad evitare la decompressione della
strength-to-stress ratio roccia e quindi il suo decadimento
R=Resistenza mezzo nucleo - strength of half nucleus Confinement: Measures to avoid relaxation and preserve the

d=deformazione radiale (rapporto spostamento radiale /Ro)

radial deformation defined as the percent ratio of radial displacement

(ur) to Ro

d,=deformazione radiale scontata al fronte - radial deformation at the face

Rp=Raggio plastico - plastic zone radius
Ro=Raggio equivalente galleria - equivalent tunnel radius

inherent rock mass strength
Intervento teso a migliorare

Miglioramento:

le caratteristiche

geomeccaniche della roccia all'estradosso

Improvement:

around the cavity

Measures to enhance rock mass characteristics

Fig. 3. Definizione delle classi di comportamento - Definition of behavior categories
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The tunnel crosses a series of slightly netanorphic formations,
mai nly sandstones of fairly massive and petitic schists. The site
i nvestigation, which was essentially based on surface mapping and
borehole information, allowed to formulate a hypothesis regarding
t he geol ogy/structural setting of the area.

4.1 I nput paraneters of the “Geol ogy” Mdule

Based on the findings of the site investigation the tunnel
alignnent was subdivided in 9 honpbgeneous zones. Uncertainty
related to the length of the zones was considered in the analysis
by varying the zones extent by 10% of their length. This was
decided in absence of nore detailed information than the one
com ng from boreholes. The extents of the identified zones are
given in Table 4.

To define the technical classes (ground classes), in accordance to
the procedure described, the reader is referred to Tables 1 and 3.
To facilitate the assignnment of design solution to the different
paranmeters conbinations the Geol ogical Strength Index - GSI! (Hoek
et al., 1995) was used.

Tabl e 4. Zone subdi vi si on

Zone # |Overburden (nm | Extent (m
1 <50 25
2 <50 220+10%
3 50- 100 670+10%
4 50- 100 600+10%
5 100- 150 720+10%
6 50-100 30+10%
7 50- 100 1000+£10%
8 <50 310+10%
9 <50 25

Table 5. Sel ected paraneters and correspondi ng states

Paraneters States P1(*) P, (MPa) Ps3
S 65- 84 <1l.3 no
S2 45- 64 1.3-2.6 yes
S3 25-44 >2.6 -
Sy <25 - -
(*) available data indicate that P;, GSI < 85; P,: lithostatic pressure, P, at

tunnel level; and Ps;: presence of groundwater.

! The GSI value can obtained by adding 10 to the sum of the ratings assigned to
the first four parameters of the RVR system (p;...ps; Table 1).

Geodata * Turin R1200. 01c



Tabl e 6. Average extents and transition probabilities (matrix) of
paraneter P;, GSI, for each zone

Zone # | Paraneter Extent (m Transition probabilities
state si | s2 | s3 Sa
1 S4 refer to Table 4 Determnistic attribution
2 S1 100 0.0 1.0
So 100 1.0 0.0
3 S1 50 0.0 0.7 0.3
So 100 0.5 0.0 0.5
S3 30 0.2 0.8 0.0
4 S1 90 0.0 0.9 0.1
So 120 0.3 0.0 0.7
S3 30 0.1 0.9 0.0
5 S1 130 0.0 1.0
So 200 1.0 0.0
6 Sy refer to Table 4 Determnistic attribution
7 S1 60 0.0 0.7 0.3 0.0
So 100 0.4 0.0 0.5 0.1
S3 70 0.1 0.4 0.0 0.5
Sy 20 0.0 0.2 0.8 0.0
8 S1 100 0.0 0.8 0.2
So 150 0.4 0.0 0.6
S3 50 0.2 0.8 0.0
9 Sy refer to Table 4 Determnistic attribution

In Table 6, +the average state extents and the transition
probability values (matrix) are given for paraneter P;, GSI. These
val ues have been calculated analyzing statistically the state
variations of the paraneter using available data (from borehol es
and geostructural survey in the surface).

For the determnation of behavior category (Phase B), as it is
derived from the conbination of paraneter P; (GSI) and P, (P,) the
anal yti cal nmet hod of “convergence-confinenent” was wused in
conjunction with the GSI-based geonechani cal paraneters. Phase C
foll ows, where paraneter P3;, presence of water, is considered in
the analysis. Tables 7 and 8 provide the correspondence of the
possi bl e  paraneter state conbinations to specific design
sol uti ons.

Table 7. Determ nation of behavior categories

GSI 65-84 45-64 25-44 <25
P, (MPa)
<1.3 b c d f
1.3-2.6 b c e f
>2.6 b d e f

Geodata * Turin R1200. 01c
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Table 8. Determ nation of technical classes and assi gnnent of
correspondi ng section types (given in parentheses)

Behavi or C ass b c d e f
Presence of Water
No 1(B) 2 (C1) 4 (D) 5 (E) 6 (F)
Yes 1(B) 3(C2) 4 (D) 5 (E) 6 (F)

4.2 |Input paraneters for the “construction” nodul e

To the different technical classes (ground classes) shown in Table
8, correspond design section types characterized by prelimnary
support/stabilization neasures, and by a final concrete 1|ining.
Section types are characterized by an increasing support capacity,
with Section B consisting of only a radial reinforcenent schene to
Section F characterized by systematic support interventions and
proportionally increasing construction time and cost.

The sinulation involved a drill-and-blast operation of four faces.
Two of these faces were accessed by an adit (Figure 4). A planned
delay of 30 days was considered for initiating the excavation of
the second front, while a 60-day delay was allocated to the access
adit excavati on.

In order to incorporate in the analysis the uncertainty related to
the construction operations a triangular distribution was used for
advance rate. Cost per neter was represented determnistically, in
a normalized formin respect to the nost common section type, D.
In Table 9, the values used are summari zed.

L pt——O > ¢—
g Access adit
1 - 30d 60d >
2 >
3 >
4 >

Figure 4 - Geonetry of excavation face and scheduling of tunnels
excavati ons sequence

A total of 300 sinulations were performed, each producing a couple
of construction time and cost values, represented by a point in
Figure 5. The wuncertainty associated wth the geologic and
construction paraneters is depicted in the scatter of tine and
cost predictions of Figure 5.

Geodata * Turin R1200. 01c
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Table 9. Tinme and cost val ues considered in the sinulation of the
construction process

Advance (md) and Rel ative Cost ( )
Section type M ni num Mode Maxi nmum
10.0 11.0 14.0
B (55)
7.5 8.0 10.5
Cl (70)
5.5 6.0 8.0
© (85)
4.0 5.0 6.0
D (100)
3.0 3.5 4.5
E (110)
1.0 1.5 2.0
F (130)

4.3 D scussion of the Results

In Figure 5 the sinulation results are shown in the cost vs. tine
plot. The frequency distributions of tunnel construction tinme and
cost are also given. Table 10 provides a summary of sone of the
characteristic values of these frequency distributions. The
determnistically calculated tinme (and cost) corresponds to the
accurmul ated extent of each ground condition along the profile
multiplied by the nost probable value of tinme (and cost) which is
then sumred up for all ground conditions. The scatter cloud of
time and cost points generated from DAT sinulation surrounds this
value. This type of results not only gives a conplete picture of
the potential total tinme and cost, but also allows for the
eval uation of the probability of conpleting the project under
specified tinme and cost. For exanple, there is a 48% joint
probability to conplete the project wthout exceeding the
determnistically calculated tinme and cost values. The product of
the probability of exceeding the determnistic values, 48% wth
costs associated with not delivering the project in the specified
time and cost (penalty and opportunity costs) represents the risk
whi ch either the ownner or the contractor nust take.

Such information may be an additional criterion for bid selection
as well as for selection of alternative solutions, since each
technical solution deals differently wth the variability of the
ground properties and is associated with different variabilities
in the time and cost of each operation. An exanple application is
shown in Figure 6 where two design solutions are considered. It
can be derived fromthis figure that alternative 2 is associated
with mainly lessen total cost and simlar total tine when conpared
to solution alternative 1, but the latter is characterized by a
| ower variability. Information of this type can be the decisive
factor in a conplex selection process where simlar solution
alternatives are conpared in respect to time and cost threshold
val ues.

Geodata * Turin R1200. 01c
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Tabl e 10. Characteristics of the generated distributions of tine

and cost
Characteristic measure Total time Total cost
(days) (normal i zed)
Aver age 366 1. 000
St andard devi ati on 16. 4 0. 029
Coeff.of variation 4% 3%
Skewness coefficient 0. 425 0.220
Medi an 364 0.998
Mode 375 1.007
Max 423 1. 096
M n 328 0. 930
Percentil e 5% val ue 342 0. 958
Percentil e 95% val ue 396 1. 049

One may argue that the possible range of conditions generated by
DAT coul d have al so been anticipated by sensitivity anal ysis where
the worst and best possible scenarios in terns of geology, tine
and cost can be considered. Needless to say, that such an anal ysis
is much sinpler, requiring also mniml resources conpared to the
ones required for DAT. Such an analysis, although able to define
trends, cannot reflect the stochastic character of variables which
is so pronounced in the field of rock engineering. Adopting the
probabilistic approach of DAT it is possible to depict in the end-
results of the analysis the spatial and random variability of
geol ogi c par anet ers, subjective uncertainties arising from
geol ogi cal and geonechani cal hypothesis, as well as performance
variability for the tunneling operations. Only by conbining the
i kelihood of occurrence (frequency distributions) of these
different sources of wuncertainty, a neaningful and realistic
generation of the range of possible conditions can be obtained
whre each condition is associated wth a possibility of
occurrence. Deterministic sensitivity analysis cannot provide
this dinmension of the trend in the cost vs. tine plot.

Further on, unacceptable risk, reflected by the considerable
scatter in the generated results, can be an indication for a nore
el aborate investigation schene, nodification and/or addition of
activities (i.e. probing ahead of the face) to the cycle of
tunneling operations. In sone cases high variability in the tunnel
cost and tinme projections can provide the basis for changes in the
contract type.

5. CONCLUSI ONS

It is a predom nant characteristic of the geotechnical works and
particularly tunneling, the wuncertainty surrounding the nedium
where construction has to be perfornmed. This wuncertainty is
related to the geologic conplexity and spatial wvariation of
geologic parameters as well as the practical limtations of the
sanpling schene, current nethods of analysis, as well as
variability in resources and market dynam cs. DAT allows for the
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quantification of this uncertainty in respect to a design solution
with benefits for all the parties involved. Mre specifically:
for the Omner

- to consider not only the bid quantities, but also the risk for
the project exceeding these quantities;

- to define eventually threshold ranges for bid acceptability;

- to consider further exploration if a large scatter in the tine
and cost range i s observed,

- to re-evaluate the type of contract;
for the Contractor

- to define the risk associated to the bid and the relevant
position of the bid in the scatter tinme vs. cost diagram

- to define better resources quantities and eval uate the adequacy
of project financing;

- to examne what-if scenarios for scheduling, therefore allow ng
for identification of “bottlenecks” and a priori consideration of
possi bl e sol utions; and
for the Designer

- to orient the design solution towards a nore adaptable process
(to the ground conditions), which also incorporates the inpact of
changi ng construction nethods (constructibility principle);

- to identify and quantify the need in terns of extent and
| ocation for a site investigation program (as for the owner);

- to examne the effect of different design solutions on the
range of total cost and tine.

- to analyze the inpact of a variation of a paraneter on the
total project time and cost rendering it non-critical.

Identification of risk is a necessary requirenment for proper
allocation of risk between client, contractor and designer
resulting in benefits for all parties involved. Proper allocation
of risk results in a fair contract: project is conpleted on tine
and at a fair price. DAT offers the potential for arriving in such
a “wn-win-win” situation
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