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Introduction

The design process is often viewed as having three stages:

· Inception, where the requirements, input information and the Design Plan are initiated. 

· Concept Design where the general form of the design solution is established.

· Design Production where final form and details of the design are worked out.

The choice of concept is crucial to the success of a design project.  Good work at the design production stage cannot compensate for bad decisions made at the concept stage.  Care taken in choosing a proper design concept can create significant improvements in the quality of project outcomes including savings in project cost.     

This leads to the statement of a Design Option Principle:

The success of a design is, to a significant extent, controlled by the choice of option. Thus resource allocated at the concept design stage can result in improved quality and in savings in production and lifecycle costs.

If this principle is accepted it follows that attention needs to be paid to the development and to the evaluation of design options at the concept stage. 
A common process for design at the Concept Stage is:

1. Identify concepts and/or cases which have potential to contribute to a design solution.

2. From these define a set of design options which are capable of solving the design problem.

3. Evaluate the options to decide on the design solution to be used.

A balance needs to be struck between the resource spent on developing and evaluating the options and the value added to the project by doing this.  The greater the amount of detail assembled for the options the greater will be the confidence in the results of the evaluation.

This paper is concerned with techniques for the evaluation of situations where a significant component of judgement is required in making the final decision.  Use of mathematical approaches to evaluation ( e.g. vector optimisation techniques/ compromise programming [Sarma1995] or risk analysis [Inst. of Civ. Eng. 1998][Godfrey1996][Wideman1992]) are not discussed.   The approaches to evaluation are illustrated using a bridge design as an example. 

Evaluation Issues

Basic Strategy

The basic strategy in option evaluation is to compare a set of options against a set of assessment criteria.  A common approach is to set out the situation in the form of a matrix where the columns represent the design options and the rows represent the assessment criteria -  Table 1. 

 Table 1     Evaluation matrix 

	
	
	Options

	
	
	1
	2
	3
	4

	
	1
	
	
	
	

	Criteria
	2
	
	
	
	

	
	3
	
	
	
	


Assessment Criteria

The quality of the evaluation result is greatly influenced by the assessment criteria.  If important criteria are omitted, the evaluation may not give a proper result. 

Initially a criterion can be either hard or soft:

· Hard criteria are those that must be satisfied.  No compromise can be entertained.  These may include code of practice criteria, loading criteria, specific client preferences, functional criteria, etc. 

· Soft criteria are however open to compromise.  These may include cost, aesthetics, durability, construction time, maintainability, etc.

Furthermore each soft or hard criterion can be either objective or subjective:

An objective criterion is one, satisfaction of which depends on logic.  For example: "The span to depth ratio should not be greater than 10" would be an objective criterion.

A subjective criterion is one, satisfaction of which depends mainly on judgement.  For example "The bridge should be designed so that people feel comfortable about it" would have to be assessed subjectively. 

A design must satisfy both the hard subjective criteria and the hard objective criteria in the requirements to be accepted as an option.  Thus an evaluation of options is normally made on the basis of soft subjective and objective criteria.

Options

A set of design options is established.  Such options need to be:

· capable of satisfying the hard criteria.

· developed to a satisfactory level of detail taking account of the Design Option Principle (see Introduction).

Evaluation Strategies

Selecting the Assessment Criteria

It is important to make clear definitions of the assessment criteria and of how they are to be  assessed.  Assessment criteria should reflect soft requirements outlined in the design brief, but may not be limited to items in the brief.

Typical assessment criteria are:

1. Production cost

2. Life cycle cost

3. Safety

4. Serviceability

5. Durability

6. Maintainability

7. Form

8. Buildability

These criteria are not independent.  Maintainability and durability define serviceability, and each of theses may affect the maintenance cost, the lifecycle cost, the appearance and the safety. 

Production cost is often the controlling factor in an evaluation, but lifecycle cost is increasingly being considered.  The time for construction (a main feature of buildability) may be important in the lifecycle costing and can result in designs with lower production cost being rejected.

Maintainability might be set out as a hard criterion in the form of a Maintainability Principle:

If any part of the system may deteriorate adversely within the system's lifetime then it must be possible to inspect and if necessary repair any damage.

The concept of form in this context encompasses all features of the system which relate to human senses.  Such features include appearance, shape, colour, surface texture and relationship with surroundings.  It has been suggested (McCullough 1992) that visual impact is not the only factor in the appreciation of form.  There is also a sense of place which goes beyond visual impact.  In some places people tend to feel good;  other places induce a wish to move away. 

It is important to acknowledge that each evaluation has its own unique set of assessment criteria.  Time should be spent on selecting and defining assessment criteria, but to do a proper evaluation, the information necessary to assess criteria has to be available.  Thus a criterion should only be included in the evaluation if the necessary information is available.

Two main strategies for evaluation, controlled convergence and scoring, are discussed.   These are only two of many evaluation strategies.    These methods have the advantage that they readily allow the use of criteria which can only be quantified on a judgmental basis.  Mathematical approaches to evaluation are not considered.

Controlled Convergence

In the Controlled Convergence Method (Pugh 1991) one of the options is chosen as the ‘Datum’.  Each of the other options is then evaluated against the Datum and given a relative value in terms of ‘+’, ‘-‘ or ‘s’ where:

‘+’ means better than the Datum

‘-‘  means less satisfactory than the Datum

‘s’ means same value as the Datum

For each option sums of ‘+’,  ‘-‘, and ’s’ can be established  -   see Table 2.  If, on this basis, an option other than the Datum appears to be dominant, then the evaluation should be repeated with the dominant option as Datum.  

A main objective is to reduce the size of the matrix so as to show more clearly the relationships among the options.  If a criterion (row) has only ‘s’s in it then it can be removed since it will not affect the outcome.  Also an option (column) which has not been given a  ‘+’, and has at least one '-',  can be removed.

The ideal situation is when there is no  ‘+’ anywhere in the matrix.  The Datum is then the clear winner.  If the Datum is not a clear winner then either convergence or trade-off can be used to help to make the selection.

Convergence  The main principle in convergence is to improve the options to try to define a clear winner (Pugh 1991).  Both strong and weak options may be improved by tackling their negative sides, possibly resulting in the introduction of new options into the matrix.  Good features of non-datum options may be incorporated into the Datum to move it towards a winning position.

Trade-off   If a clear winner is not found, trade-off among the positive features is needed.  In a trade-off exercise the competing relative advantages of the options are discussed.  A typical trade-off question is ‘How much extra is it worth paying to improve the form of a bridge’.  This would depend on the degree to which the appearance is enhanced.  A client may be willing to pay significantly more for stunning appearance.  Another common trade-off is in relation to production cost against time of construction.  For some facilities early completion can allow revenue earning for the client which will outweigh extra production cost.  Each '+'  in the matrix should be considered in relation to the Datum and the relative merits assessed.  Sometimes an objective basis can be found for the comparisons (for example the early revenue from a faster construction schedule can be compared with production cost) but often a subjective assessment will be necessary (e.g. when considering form).

By using the matrix in combination with convergence and trade-off a preferred option can be established.  This is an intermediate choice which may not prove to be the design solution, as scoring or other evaluation methods may give different results.

Scoring

Instead of grading the options with '+' , '-' and 's' in relation to a datum, it is also common to devise a scoring method.  The objective is to produce a set of numbers which represent the relative values of the options.

Option Scoring
Different methods of scoring the options against a single criterion can be used, for example :
· Using a range above zero e.g. apply a score in the range 1 to 10 or a percentage mark to each option against the assessment criteria.

· Using a range spread equally on both sides of zero such as -2 to 2.  The scores may have the following meanings:

· -2
marginally acceptable

· -1   
somewhat unsatisfactory

·  0    
satisfactory

·  1    
quite good

·  2    
very suitable

This approach has the advantage of introducing negative sums for the really bad options, hence, making it easier to distinguish the options which are suitable from those which are unsuitable.

· Really bad solutions can also be made visible by using a number-based scale which does not apply consecutive numbers.  For example Chicken (1994) for his ‘risk ranking’ technique suggests the use of a four point scoring system.  Options are marked on a scale with 4 numbers: 1, 2, 5 and 14, where 14 is given to the option that is very risky and unacceptable, and 1 is given to the perfect option where there are no risks associated. 

The basic idea is that this scale does not have a ‘grey middle-zone’, and that options which are unsatisfactory are made to stand out when they receive a mark of 14.  Hence this scale emphasises which options are definitely not worth pursuing.

Criteria Weighting
The relative importance of the assessment criteria can also be taken into account by applying weights to them.  The scores in each row of the matrix can be multiplied by a weight as shown in Table 4.   The (weighted) sum of the scores in each column of the matrix is established. This  establishes a score for each option.  The option with the best score becomes a preferred option.
Justification of Relative Values, Scores and Weights

It is good practice to provide in the documentation for the evaluation exercise statements which justify the choices of relative values, weights and scores.  As evaluation is important for a successful design production, good reasons and proper arguments have to support the relative values, scores and weights.  Hence justification of relative values, scores and weights should be considered carefully, as they are the 'backbone' of the evaluation, whereas the actual values scores and weights only give a symbolic view.

Selection of the Concept Stage Design Solution

The purpose of the exercise is to establish a conceptual Design Solution to be used in the Production Stage of the design.  

If a clear winner emerges from use of the controlled convergence method then that can be adopted as the design solution.  However if a clear winner is not identified it may be sensible to compare the preferred option from controlled convergence with that from a scoring exercise.  If they both refer to the same option then it can be used as the design solution with some confidence.  If the preferred options are different then further work on the design and on trade-off or scoring will be needed.

Controlled Convergence v. Scoring

We postulate that, as far as practicable, one should use controlled convergence with trade-off, as it may be more reliable than scoring.   Most scores and weightings have to be defined on a judgmental basis.   Controlled convergence needs judgement but there is a greater degree of confidence in the result of a question of the type 'Is A better than B?' than of the type  'How much is A better than B?'

Example Evaluation

The example evaluation which follows is based on the assessment approach described in this paper.  The example is an evaluation of design options for a road bridge.  The bridge is approximately 160 m of length, and crosses the Sound of Scalpay, Scotland (hereafter called Scalpay Bridge).  The design options and criteria used were derived from a design report written by Halcrow Crouch (Halcrow Crouch 1993).  The report contains descriptions of different design options and provides a recommendation to the client. 

Scalpay Bridge Design Options

The report from Halcrow Crouch proposed six bridge design options:

1.  Box girder frame with raking legs

2.  Two span lattice truss

3.  Four span lattice truss

4.  Box girder viaduct

5.  Asymmetric cable stayed bridge

6.  Arch frame

The options are shown in sketch form in Figure 1.
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Figure 1     Design options for the Scalpay Bridge.

As part of the example exercise a prototype spreadsheet for evaluation was developed .  The tool enables evaluation using both controlled convergence and scoring/weighting (Hartvig 1998).

Scalpay Bridge Assessment Criteria

Assessment criteria are based on those used in Halcrow Crouch (1993) and are divided into five groups: 

· Form: Symmetry, Balance, Length/size

· Environmental: Dust, Transportation,

· Buildability: Off/on site, Wind stability, Pier location

· Maintenance: Cost, Ease

· Production cost
The assessment guidelines for the criteria selected for the Scalpay Bridge evaluation were:

Form:

· Symmetry: Symmetry is pleasing to the eye, and bridges which are symmetric are often more accepted and appreciated by the public. Symmetry is a favourable attribute.

· Balance:  In this context it is desired to have a ‘balance’ between the dimensions of the sub-structure and those of the superstructure.    

· Length/size: The relation between the crossing length (160m) and the bulking/complexity of structure is considered.  It is felt that a low profile bridge would be better than a more complex structure for this fairly short crossing.  Other reasons for wanting a low profile bridge is that the area is very unspoiled and beautiful, and that a monumental structure may not be appropriate for the location.

Environmental:

· Dust: The amount of dust introduced into the environment is considered, primarily by counting the number of piers made of concrete.  Whenever concrete has to be done in-situ there is a risk of introducing an adverse environmental influence.  This especially applies to this location, since the area is very windy.

· Transportation: The solutions are evaluated on their use of the local roads during construction.  The area is very sensitive to heavy traffic, and care has to be taken so that the construction of the bridge minimises the impact on the existing road system.

Buildability:

· Off/on site: The more time spent off site doing prefabrication the better.  The area has very unstable weather, and therefore the best solution is to maximise the degree of prefabrication. Thus the quality of major parts of the construction can be improved by producing them in a controlled environment.

· Wind stability: The wind stability of the solutions is considered, especially with relation to the construction period. Completion of an option which is sensitive to wind action could be severely delayed by strong winds in the particular area.

· Pier location:  The pier location is evaluated.  The less piers are founded in the water the better.  Foundation of piers in water is always risky and sometimes difficult.  In the specific area in which the bridge is to be built there may furthermore be problems with tidal action and waves when founding piers in water.

Maintenance:

· Maintenance cost: The cost of maintaining the bridge is considered.  Cost of maintaining a bridge is just as important as the production cost, if not more important.

· Maintenance ease: The easiness and the safety level with which the bridge can be maintained is evaluated.  Maintenance has to be minimised, and it has to be safe and easy to do the maintenance. The amount of exposed surface, and the accessibility to this surface should influence the assessment.

Production cost:

· Production cost: The cost of producing and constructing the bridge.  The production cost is  of primary concern to the client.

All criteria above are soft. The soft criteria consists of a majority of objective criteria and only a few subjective criteria: ‘Balance’, ‘Length/Size’ and ‘Transportation.

It may be advantageous to make separate assessments of the options under the above categories before carrying out the overall evaluation.  For example having only 3 criteria in relation to form does not well categorise this aspect.  Such factors as public appreciation are ignored.   The datum and scoring approaches could be used to assess form as a separate exercise the results of which would be used in the overall evaluation.

Controlled Convergence Assessment for the Scalpay Bridge Design Options

Phase 1
In the first phase Option 4, Viaduct, was chosen as datum.  Table 2 shows the results of this evaluation.

Table 2    First evaluation using controlled convergence.

	
	Option

	
	Criterion
	1
	2
	3
	4
	5
	6

	
	
	Raking legs
	Lattice 1
	Lattice 2
	Viaduct
	Stayed
	Arch

	1
	Symmetry
	+
	+
	-
	Datum
	-
	+

	2
	Balance
	+
	-
	-
	Datum
	+
	s

	3
	Length/Size
	s
	-
	-
	Datum
	-
	-

	4
	Dust
	+
	+
	s
	Datum
	-
	+

	5
	Transportation
	s
	s
	s
	Datum
	s
	s

	6
	Off/on site
	+
	s
	s
	Datum
	s
	+

	7
	Wind stability
	s
	s
	s
	Datum
	-
	s

	8
	Pier location
	+
	s
	s
	Datum
	s
	+

	9
	Maintenance cost
	-
	-
	-
	Datum
	-
	-

	10
	Maintenance ease
	s
	-
	-
	Datum
	-
	-

	11
	Production cost
	-
	s
	+
	Datum
	-
	-

	
	Sum 's'
	4
	5
	5
	0
	3
	3

	
	Sum '-'
	2
	4
	5
	0
	7
	4

	
	Sum '+'
	5
	2
	1
	0
	1
	4


Justification of relative values:

Balance: The issue of balance is not obvious from Figure 1.  The assessment for this in Table 2 was based on drawings in Halcrow Crouch (1993).

Length/size: Options 5 and 6 are given '-', because they will seem too large and complex for this short crossing.  The two lattice truss options, option 2 and 3, each has a large truss (largest height 8 m), and this is considered too complex for this short crossing earning these options a '-'.

Dust: This criterion is assessed from the number of concrete piers: option 1 has no concrete piers, option 2 has one, option 3 and the datum both has three, option 5 has one but very large/high (the tower), and option 6 has no concrete piers.

Off/on site: Again the number of piers are important, as concrete piers requires time spent on site.  Options 2-5 has concrete piers, whereas option 1 and 6 do not have concrete piers.

Wind stability: Only one option is extremely wind-sensitive during construction, and that is option 5.

Pier location: All options except 1 and 6 have piers in the water.

Cost: Assessments of both cost criteria were based on amounts given in (Halcrow Crouch 1993), see table 5.

Maintenance: Options 2, 3 and 6 have large surface areas which are not accessed easily.  Option 5 is given '-', because of the cables and the high concrete tower.
From Table 2 the following observations are made:

1)  The solution chosen for the Datum, might not be the best solution since Option 1, Raking Legs, has five pluses and only 2 negatives. A re-evaluation using Option 1 as Datum is necessary.

2)  Option 5, Stayed, has little to recommend it.  It has only one feature in which it is better than the Datum  -  balance.  At this point a judgement is made on whether or not to delete the option.  In this case the favourable criterion is on form, but it was judged that this would not compensate for the poor performance in relation to the other criteria.  So the decision is made to delete the Asymmetric Cable Stayed bridge from the evaluation. 

3)  The criterion ‘transport’ does not contribute any information to the evaluation since all the assessments are ‘same’.  Therefore it is deleted from the list of criteria. 

Phase 2
Option 1 was used as the Datum, Option 5 was deleted, and the transportation criterion was deleted.  

When performing a re-valuation during controlled convergence all combinations of criteria and options need not be re-evaluated, as most values can be converted logically.  Table 3 shows the guidelines for automatically grading options when changing the datum.  For Table 3 the Datum is changed from Option 3 ('old matrix') to Option 1 ('new matrix').  A '?' in the new matrix indicates where automatic re-evaluation is not possible.   Semi-automatic changing of a datum can be incorporated into a spreadsheet to support the evaluation process (Hartvig 1998).

Table 3    Re-evaluation based on logic considerations.

	
	
	Old matrix
	
	
	
	New matrix
	

	Criterion
	Option 1
	Option 2
	Option 3
	
	Option 1
	Option 2
	Option 3

	A
	+
	+
	Datum
	
	Datum
	?
	-

	B
	+
	s
	Datum
	
	Datum
	-
	-

	C
	+
	-
	Datum
	
	Datum
	-
	-

	D
	-
	+
	Datum
	
	Datum
	+
	+

	E
	-
	s
	Datum
	
	Datum
	+
	+

	F
	-
	-
	Datum
	
	Datum
	?
	+

	G
	s
	+
	Datum
	
	Datum
	+
	s

	H
	s
	s
	Datum
	
	Datum
	?
	s

	I
	s
	-
	Datum
	
	Datum
	-
	s


An example of the logic considerations made to establish the new matrix is: 

Option 2, criterion B: In the old matrix option 2 was rated 's' and the new Datum was rated '+'.  This can be interpreted as: "The new Datum was better than the old, and Option 2 was the same as the old Datum, hence Option 2 must be worse than the new Datum".  

Table 4 shows the results of the Phase 2 evaluation.

Table 4 Second evaluation using controlled convergence.
	
	Option

	
	Criterion
	1
	2
	3
	4
	6

	
	
	Raking legs
	Lattice 1
	Lattice 2
	Viaduct
	Arch

	1
	Symmetry
	Datum
	-
	-
	-
	s

	2
	Balance
	Datum
	-
	-
	-
	-

	3
	Length/Size
	Datum
	-
	-
	s
	-

	4
	Dust
	Datum
	-
	-
	-
	s

	6
	Off/on site
	Datum
	-
	-
	-
	s

	7
	Wind stability
	Datum
	s
	s
	s
	s

	8
	Pier location
	Datum
	-
	-
	-
	s

	9
	Maintenance cost
	Datum
	-
	-
	+
	-

	10
	Maintenance ease
	Datum
	-
	-
	s
	-

	11
	Production cost
	Datum
	+
	+
	+
	-

	
	Sum 's'
	
	1
	1
	3
	5

	
	Sum '-'
	
	8
	8
	5
	3

	
	Sum '+'
	
	1
	1
	2
	0


From Table 4 the following observations are made:

1)  For wind stability the options are now all ranked  ‘same’, thus this criterion can be removed from the matrix.

2)  Option 6, Arch Frame, is a clear loser in this evaluation and can be deleted from the matrix.

3)  The Datum, Option 1, appears to be significantly more favourable than any of the other options, but other options have positive factors with respect to cost and therefore they should not be discarded without considering convergence and trade-off.

Convergence One might try to find ways of reducing the maintenance cost of Option 1 without increasing its production cost but in a situation like this convergence (i.e. improvements to the datum or other options) may not be practicable.

Trade-off  It is clear that some trade-off will be needed.  The pier location and form of Option 1 are strongly favourable but Options 2, 3 and 4 have cost advantages.  Considerations have to be made to decide which will be preferred options.

Table 5   Costing information for Options 1 to 4.

	
	Cost in £1000

	
	Option 1: 

Raking legs
	Option 2:

Lattice 1
	Option 3:

Lattice 2
	Option 4:

Viaduct

	Production cost    -  P (£k)
	4,565
	4,450
	4,185
	4,425

	Annual maintenance cost  -  M  (£k/year)
	59
	76
	66
	47

	Equivalent Annual Amount  over 25 years at 10% interest   - A    (£k/year)
	503
	490
	461
	488

	Cost per annum over 25 years    (A + M) (£k/year)
	562
	566
	527
	535

	% difference in cost per annum from datum
	
	+0.7
	-6.0
	-4.8


Table 5 gives an analysis of costs for Options 1, 2 ,3 and 4.  Production cost for Option 2 is only marginally less that for Option 1 (the entry in the production cost row for Option 2 could have been ‘same’).  Option 4 is also in this category but it has significantly lower maintenance cost.  Option 3 has higher maintenance cost but significantly lower production cost.

The Equivalent Annual Amount - 'A' - is the amount which would need to be paid annually over a period of 'n' years at a rate of compounded interest 'i' (% per annum) to pay for an investment P.   'A' is found from the expression:
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       where P is the present value of the investment.

The cost per annum over 25 years is the sum of the Annual Amount and the annual maintenance cost.

On the basis of the cost per annum analysis there is little to choose between Options 1 and 2.  Options 3 and 4 are of the order of 5% cheaper on this basis.   However it is unlikely that the estimations of cost at this stage will be to an accuracy better than 5% and therefore it appears that trade-off in relation to cost is not significant.  Therefore on the basis of its generally more favourable assessment Option 1 is selected as the preferred option from the controlled convergence method.

Scoring Assessment for the Scalpay Bridge

Option Scoring   A -2 to +2 range of scoring was adopted as previously described.

Criteria Weighting Cost and environmental influences were considered to be strong factors and were therefore given high weighting  -  see 'Weight' Column of Table 6. 

Table 6     Scoring on the Scalpay Bridge example.

	
	
	Option

	
	Criterion
	Weight
	1
	2
	3
	4

	
	
	
	Raking legs
	Lattice 1
	Lattice 2
	Viaduct

	1
	Symmetry
	10
	2
	0
	-2
	-2

	2
	Balance
	10
	2
	-1
	-2
	1

	3
	Length/Size
	10
	2
	2
	1
	2

	4
	Dust
	30
	2
	-1
	-2
	-2

	6
	Off/on site
	40
	2
	0
	0
	0

	8
	Pier location
	50
	2
	-1
	-1
	-1

	9
	Maintenance cost
	100
	1
	-2
	0
	2

	10
	Maintenance ease
	40
	1
	-2
	-2
	1

	11
	Production cost
	100
	0
	1
	2
	1

	
	Total:
	
	440
	-250
	-20
	240


Although cost is weighted quite highly in relation to all other criteria, this assessment strongly marks Option 1 as the preferred option by the scoring analysis. 

A sensitivity analysis on the scoring system may be carried out as described in Kupparaju et al (1985).

Discussion

In this example the scoring approach comes more quickly and easily to a conclusion than controlled convergence.  This does not necessarily make scoring better. Several factors have to be considered:

· Almost any scoring scheme is likely to favour Option 1, as it fulfils a majority of the criteria

· According to Pugh any of the candidate designs may be chosen as the initial Datum. In this example, we did not choose ‘the right’ solution as the first Datum,  and that made the Controlled Convergence approach ‘slower’ than scoring. 

· Controlled Convergence on the other hand gives better insight into relative advantages and disadvantages of the options. In this case controlled convergence leaves the question open to the end.  

Use of both techniques is recommended.  Option 1 was that chosen by the designers   -  see Figure 2.

Another issue to be discussed regarding evaluation of design options is : ‘who performs the evaluation ?’. In this paper we have made no assumptions about who does the evaluation, but of course the involvement of the evaluator in the design affects his/her ability to be objective. Ideally an evaluation is performed by someone who has sufficient knowledge of the design problem, but who has not participated in the development of the design options.

Another issue is that some may ask ‘ what if all solutions are bad ?’. Controlled Convergence assumes that there is at least one satisfactory solution in the set of options. It chooses the ‘best’ of the candidates in the set, but is also allows the evaluator to improve candidates during the evaluation. Its weakness probably is that, if all solutions are bad, this will not be immediately obvious.   Scoring depends on whether the scale used is based on ranking (best = n, second best = n-1 .. where n is the number of candidates) or if the scores represent a relative value (e.g.2 = very suitable,  -2 marginally acceptable). Ranking only chooses the best solution within the set, as Controlled Convergence does. A relative value on the other hand can show that all solutions are bad, because they would all receive negative sums.

And finally, it should be mentioned that a prototype spreadsheet for evaluation was developed. The tool enables evaluation using both controlled convergence and scoring/weighting. The tool has been presented at the last ASCE convention [Hartvig1998].

Conclusion

Methods for performing a structured evaluation at the concept stage have been presented, and illustrated with an example. Main conclusions from the study include:

· Where there is a choice among design options one should not jump to a conclusion. Withhold the choice of design solution until the evaluation processes have been completed.

· It is important to justify decisions about relative values of options, in relation to weighting factors  scores.

· The two evaluation methods described here are those which appeal to the authors.  Experimentation with other methods  (e.g. Chicken1994, Kuppuraju1985, Pahl & Beitz1996, Starkey1992) is recommended. The use of fuzzy logic may be advantageous in defining criteria values  (Blockley 1980).

· Use of the approach to evaluation is not confined to overall design considerations but can be applied to detail design problems and indeed may be relevant to any situation where a choice among options has to be made.
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