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ABSTRACT 

The quality of early cost estimates is critical to the feasibility analysis and budget allocation decisions for public capital 

projects. Various research have been attempted to develop cost prediction models in the early stage of a construction life-

cycle. However, existing studies are limited on its applicability to actual projects because they focus primarily on a specific 

phase as well as utilize restricted information while the amount of information collectable differs from one another along 

with the project stages. This research aims to develop two-staged cost estimation model for the schematic planning and 

preliminary design process of a construction projects, considering the available information of each phase. In the schematic 

planning stage where outlined information of a project is only available, the case-based reasoning model is used for easy 

and rapid elicitation of a project cost based on the extensive database of more than 90 actual highway construction projects. 

Then, the representing quantity-based model is proposed for the preliminary design stage where more information on the 

quantities and unit costs are collectable based on the alternative routes and cross-sections of a highway project. Real case 

studies are used to demonstrate and validate the benefits of the proposed approach. Through the two-stage cost estimation 

system, users are able to hold a timely prospect to presume the final cost within the budge such that feasibility study as 

well as budget allocation decisions are made on effectively and competitively. 
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1. INTRODUCTION 

Early cost estimates are critical factors to the initial 

decision making process for capital projects. From 

the perspective of the infrastructure providers, accu-

rate cost estimations allow for the effective budget-

ing and financing of a project. As such, the impor-

tance of early estimates to owners cannot be 
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overemphasized. Early estimates are typically 

plagued by limited scope definition (and thus high 

potential for scope changes) and are often prepared 

under stiff time constraints. Furthermore, reliable 

cost data are frequently under attack to obtain during 

the conceptual stages of a project, particularly where 

basic route design and geographic site conditions of 

a road remain unresolved. Early estimates, even 

when grossly inaccurate, often become the basis 

upon which all future estimates are judged. 

This research aims to develop two-staged cost esti-

mation model for the schematic planning and early 

design process of a highway projects, considering 

the available information of each phase. In the 

schematic planning stage where outlined information 

of a project is only available, the case-based reason-

ing model is used for easy and rapid elicitation of a 

project cost based on the extensive database of more 

than 90 actual highway construction projects. Then, 

the representing quantity-based model is proposed 

for the preliminary design stage of a project where 

more information on the quantities and unit costs are 

collectable based on the alternative routes and as-

sumed cross-sections of a highway project.  

2. LITERATURE REVIEW 

The conceptual cost estimates for capital projects 

has been a major concerned and a subject for both 

the project owners and contractors. Hackney [3] 

published a checklist for establishing a detailed defi-

nition rating for capital projects. The study proposed 

the use of the definition checklist for applying con-

tingency to capital cost estimates and then validated 

the checklist by comparing the definition ratings of 

30 projects to their respective levels of cost overrun. 

Hegazy and Ayed [5] developed a neural network 

model for parametric cost estimation of highway 

projects. They considered characteristics of early 

cost estimates that conceptual estimation process is 

determined by some parametric values. By using this 

concept, they derived parametric values related with 

cost such as construction region, total length of 

highway. 

Kim et al. [6] applied hybrid models of neural net-

works (NN) and genetic algorithms (GA) to cost 

estimation of residential building to predict prelimi-

nary cost estimates, based on the data samples con-

structed from 1997 to 2000 in Seoul, Korea. Lowe et 

al. [8] developed linear regression models to predict 

the construction cost of buildings, based on 286 sets 

of data collected in the United Kingdom. They iden-

tified 41 potential independent variables, and, 

through the regression process, showed five signifi-

cant influencing variables such as gross internal 

floor area (GIFA), function, duration, mechanical 

installations, and piling. 

Oberlender and Trost [9] concentrated more on im-

proving prediction accuracy by deriving four deter-

minants influencing the accuracy of an early cost 

estimates. Following this, they established a multiple 

regression model which derived significant relation-

ship between estimate accuracy and influencing 

factors such as basic process design, team experi-

ence and cost information, time allowed to prepare 

the estimate, site requirements, and bidding and 

labor climate [11]. 

While the various methods have been used for cost 

predictions in its early stage, existing studies are 

limited on its applicability to actual highway pro-

jects, because they focus more on a specific phase as 

well as utilize restricted information while the 

amount of information collectable differs from one 

another along with planning and preliminary design 

stage. To this end, we investigate the actual budget-

ing process in the highway construction project, 

under the research collaboration of the Korean Min-

istry of Construction and Transportation. Then, we 

develop the two-tiered cost estimation models of 

highway construction projects, considering the target 

goals for forecasting, allowable accuracy, and avail-

able information level at each phase of a project 

budgeting and initiation. 

3. FRAMEWORK FOR TWO-STAGED COST 

ESTIMATION  

In Korea, the ‘Highway Operation Handbook,’ pub-

lished by the Korean Ministry of Construction and 

Transportation is widely used as the standard to 

estimate the initial project costs of a highway infra-

structure. The ‘Highway Operation Handbook’ de-

fines the design codes and specifications of national 

express highway (1st grade of highway, toll roads) 

and the national general highway (2nd grade of 

highway, free roads).  It also provides the standard 



 492 

cost per unit length based on simple statistics from 

the completed road projects during a last three years 

(between 2003 and 2005).  In addition it further 

classifies the cost of unit length in association with 

the general part of road embankment, bridge, and 

tunnel sections, respectively. All together, it pro-

vides the unit costs under the categories of either 

new construction or expansion with each having the 

different lanes. Table 1 shows the estimation stan-

dard of highway construction costs in this Handbook. 

Table 1. Estimation Standard of Construction Costs [7] 

Section 

General parts 

(embankment, 

bridge, tun-

nel) 

Bridge Tunnel 

4-lanes 

extension 

11.3million 

USD/km 

49.2 mil-

lion 

USD/km 

26.7 mil-

lion 

USD/km Express 

highway 
New 4-

lanes  

13.6 million 

USD/km 

45.1 mil-

lion 

USD/km 

26.7 mil-

lion 

USD/km 

2-lanes 

extension 

9.5 million 

USD/km 

42.8 mil-

lion 

USD/km 

24.2 mil-

lion 

USD/km 
National 

highway 

 New 4-

lanes 

10.0 million 

USD/km 

44.5 mil-

lion 

USD/km 

25.1 mil-

lion 

USD/km 
 

As shown in Table 1, the current standard calculates 

the construction costs by the unit cost of every kilo-

meter, primarily assuming the total estimation is 

simply in proportion to the road lengths regardless 

of its unique characteristics along the road routes. In 

this regards, it does not consider diverse variables of 

the construction traits such as a different geographic 

location, a construction period, percents of bridge or 

tunnel sections, and available important information, 

which differs from the every step of the project pro-

gress. 

Meanwhile, the current process of a road design 

consists of a schematic planning and a design as 

depicted the Table 2. The schematic planning con-

ducts the budget allocation through a preliminary 

feasibility study. The design phase has three more 

steps; a selection of the best route among the alterna-

tives, a detailed field survey and underground tests, 

and a development of drawings & quantity take-offs. 

The selection of a best route determines the optimal 

road route through the comparisons of competing 

alternatives. If the route is selected, the detailed field 

survey and underground investigations confirms 

conditions of the soil and ground by which a path, 

structure types and other design factors can be de-

cided. Upon the field survey, the drawing work and 

the estimation process based on the quantity take-

offs calculate the ultimate construction costs. 

Table 2. Current Process of the Road Construction Project 

Phase Objective Current Cost 

Est. Method 

Schematic Planning � Preliminary Fea-

sibility study 

� Project selection  

� Alternative 

routes plan 

Unit cost 

Evaluating 

& Selecting 

a best route 

� Determination of 

the best route 

� Structure loca-

tion/type 

Unit cost 

Detailed 

Field survey 

� Earth work plan 

� Path/pavement 

design 

� Basic design of 

structures 

Unit cost 

Design 

Drawing & 

quantity 

estimation 

� Details of design  

� Estimation of 

final construc-

tion cost 

Quantity-

based 

 

Considering the user’s perspectives, the effective-

ness of the cost estimation model goes down after 

performing the detailed field surveys and drawing 

works, because it simply relies on the quantities and 

each unit cost to estimate the final cost when we 

have enough information on the cost and quantity 

form the drawings. Thus, it appears that the cost 

prediction models focusing on the ‘schematic plan-

ning’ and ‘initial stage of a design during the routes 

selection’, which are currently calculated only by the 

unit cost of every kilo-meter, are to maximize its 

usage. 

As each step goes up, a decision maker has different 

information level. The schematic planning level 

entails rather basic information such as a size of the 

target project and other overviews. Then the further 

steps like the route selection and the field surveys 
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develop more detailed information. As Han et al. [4] 

mentioned, a tool development to support a prompt 

decision making within limited information meets 

decision maker’s demand. To this end, this research 

suggests the two-staged cost estimation process as 

depicted in Figure 1. 

 

 

Figure 1. Frame work for two-staged cost estimation process 

 

Stage I, schematic planning phase uses information 

of an initial level such as project type & size, lane 

location, This stage applies the case-based Reason-

ing (CBR), which estimates construction costs based 

on the previous similar projects. Stage II is modeled 

to select a best route among the alternatives. It de-

rives the determining/representative items and their 

assumed quantities based on the various modeling 

techniques by using more detail information on the 

routes. 

4. STAGE I: PLANNING PHASE  

Cost estimation model for the schematic planning 

phase applies the case-based Reasoning (CBR) 

method. CBR is originated from cognitive science 

by Schank and Abelson in 1977 and plays an impor-

tant role as a decision supporting tool with artificial 

intelligent method [10]. Its process is similar to hu-

man decision development which is often based on 

the results from useful previous cases. In other word, 

when someone decides a solution to the problem, 

they rely on their own previous cases which are 

similar to the present case. As they compare the 

present case with a load of previous cases in many 

criterions, they gradually could search the most suit-

able case. To construct the model on the stage 1, this 

study collected 92 road project cases, delivered by 

the government agency (Public Procurement Ser-

vice) between 2005 and 2006. Throughput the data 

mining and fitting, the following eight cost influenc-

ing factors are drawn considering the available in-

formation level for this stage; a location, a project 

type (new, extension), a contract type (lowest price, 

pre-qualified competition, design-build), a construc-

tion period, total length of road, a road width, total 

length of bridge, and total length of tunnel.  

These eight factors are standards to examine the 

similarity of each case and to estimate a construction 

cost by the CBR algorithm. In order to assess the 

similarity score for 92 cases, a weight calculation for 

the eight factors is required. This study applied a 

series of iterations based on the linear programming 

and subsequently, drew the optimum weights to 

minimize errors between expected value and real 

value of the costs of each sample (Table 3). 

Based on the results as Table 3, this study validated 

the proposed CBR model using additional five road 

projects out of the sample data. As a result, the error 

rate was estimated at 18.4% in average which is 

highly accurate than 38.9% from the current method 

by the government handbook. In addition, it was 

found that the proposed CBR model brought more 

stable results for various cases contrary to the cur-
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rent approach, showing a standard deviation only 

5.2% error rate. 

Table 3. Weight estimation results of the cost influencing 

factors 

Cost influencing factor Weight 

Location 0.026 

Project type 0.204 

Contract type 0.098 

Construction period (day) 0.156 

Total length of road (kilo-meter) 0.025 

Road width (meter) 0.139 

Total length of bridge (meter) 0.114 

Total length of tunnel (meter) 0.128 

 

5. STAGE II: PRELIMINARY DESIGN PHASE 

Stage II requires more accuracy of cost estimation in 

order to compare the feasibilities of each route alter-

native. Therefore, by using more detail information 

collected, this paper applies a represent-

ing/determining quantity-based estimation model 

through which the major item’s estimated quantities 

are multiplied by each unit cost. Since it is not ap-

propriate to predict every item’s quantities, this re-

search selects a representative item from each work 

type based on the correlation analyses of each item 

on the total cost. Then, the residual minor items are 

accounted by the pro-rates that are modeled based 

on the previous data sample. In this stage, we col-

lected 78 cases of highway construction projects 

which were designed since 2000. Total 70 cases are 

used to develop models, and the rest of 8 cases are 

used to validate the models. 

Generally, a highway construction work consists of 

the earthwork, slope stabilization works, drainage 

works, structures, tunnels, pavements, safety facili-

ties, and other appurtenant works. Through the cost 

correlation analysis of the collected data, we se-

lected earth work, drainage work, and pavement as 

the most prevailing work types to build the cost 

estimation models. Other works are estimated by 

lump-sum pro-rates. The research performs the 

structure works and the tunnel constructions that 

require additional analyses according to the various 

bridges and tunnel types. However, the structure and 

tunnel works are excluded in this paper for the sake 

of brevity. 

As results, we derived the total of 44 representing 

items that account for only 10% of the total number 

of items while covering the 69.6% of total cost. Each 

representing item was modeled by the appropriate 

technique to presume the respective quantity without 

any further information from the drawing. For ex-

ample, it is a common practice that the earth work 

and the side ditch work do not have the standard 

drawings, but their quantities are influenced by sev-

eral specified variables. To identify those variables 

and develop the estimation models for these items, 

this study applied CART (Classification and Regres-

sion Tree). CART is a way to classify items from 

high and low homogeneities [2]. For the earth work, 

it developed a quantity estimation model of the cut-

ting and the filling of earth as the Table 4. The car-

rying of earth and the banking apply an arithmetic 

relationship between the cutting and the filling. In 

the case of the side ditch work, it is highly co-related 

to the quantity of the earth work. Therefore to de-

velop the quantity estimation models of the drainage 

work, the quantities of the earth work are used as 

independent variables. 

Table 4. Quantity estimation through work types 

Work type Quantity estimation method 

Earth work � Quantity estimation models are devel-

oped 

� Using CART method 

� Independent variable: project character-

istics 

� Dependent variable: cutting and filling 

of earth 

Side 

ditch 

� Quantity estimation models are devel-

oped 

� Using CART method 

� Independent variable: project character-

istics and quantity of earth work 

� Dependent variable : length of side 

ditch 

Drainage 

work 

Culvert � Unit length quantities are derived 

� Using standard section 

Pavement � Unit length quantities are derived 

� Using standard section 

Slope stabilization 
work 

� Applying respective rates of cost  

Safety facility work � Applying respective rates of cost 

Appurtenant work � Applying respective rates of cost 
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Meanwhile, the culvert work and the pavement have 

linear characteristic. It is able to estimate the quan-

tity of unit length from the standard section for the 

culvert work and the pavement. Therefore, it devel-

oped a model to estimate quantity through multiply-

ing unit length quantity by total length of each work 

type. As portions of the slope stabilization work, the 

safety facility work, and the appurtenant work are 

relatively small in the whole project costs, estima-

tions are applied respective rates. The rates of each 

work type are considered the characteristics of the 

projects through co-relation analysis. 

In order to validate second level model, based on the 

major items’ estimations, randomly picked 8 among 

the 78 cases are subjects to compare an expected and 

real design values. As the Table 5 shows, the earth 

work indicates 7.85% of an average error rate, and 

the drainage work, and payment have -1.78%, -

7.12%, respectively. Generally the result has an 

excellent precision considering that the accuracy of 

predicting costs in the preliminary design level that 

the AACE (American Association of Cost Engi-

neers) proposes is -20%~+20% [1]. 

Table 5. The validation result of 2nd phase model 

Work type Average error 

rate 

Standard deviation 

error rate 

Earth 

Work 

7.85% 46.74% 

Drainage 

Work 

-1.78% 41.91% 

Pavement -7.12% 37.84& 

6. LESSONS LEARNED & CONCLUSION 

The study proposed the phased cost estimation proc-

ess of road construction projects for a practical ap-

plication in order to make a reasonable estimation of 

public road construction. The derived model consists 

of two stages considering available information at 

the corresponding moment. Compared the two-

staged estimation process to the previous methods 

and the present standard, it shows an excellent level 

of accuracy. It means the result could be applicable 

in the future. If the additional methods such as esti-

mations of bridges and tunnels complement the 

study model, it would propose the more in-depth 

system for road construction estimations. 
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