
International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 2, February 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 2, February 2013 Page 187 
 

ABSTRACT 
Time-Cost-Trade-off is a known method to accelerate a construction project by using the CPM method. However, this method 
cannot be used solely in the contractor or owner's decision to accelerate the project schedule because the vagueness of defining 
delays and acceleration responsibilities. In addition, Time-Cost-Trade-Off overlooks the increase in project risk that is 
associated with schedule acceleration. In certain circumstances during the acceleration, the contractor might find that the 
project acceleration is not a wise decision because of the increase of the project risk that is associated with project acceleration. 
Therefore, this paper proposes a mathematical model that works with the time-cost-trade-off method to estimate the increase in 
project risk that is caused by schedule acceleration. This model relates the risk increase with total float reduction of the 
noncritical activities that have been affected by project acceleration. An illustrative example has been used to demonstrate the 
proposed method. This article is reprinted from the 2007 AACE International Transactions, where it was manuscript RISK.10. 
Keywords: Acceleration, Risk, Schedule, Construction. 

1. INTRODUCTION 
Calculating the acceleration cost of a construction project is not simply related to the direct and indirect cost of the 
project. Working under compression creates an environment that increases the chance of mistakes and redoing that 
work. Accelerating a project implies more work on a critical path and reducing project float times. Accordingly, project 
risk will increase. Calculating the increased risk resulting from accelerating the project has not been investigated yet. 
The most popular method to accelerate a project with minimum cost is a Time-Cost-Trade-Off method. This method 
demonstrates a direct cost-time curve for each activity. This method does not consider effect of changing the project 
risk. This article proposes a method that works with Time-Cost-Trade-Off for estimating increase of project risk in 
relation to accelerating the project time. The method uses the Total Float (TF) of non-critical activities as an indicator 
for changing the project risk. An illustrative example has been used to demonstrate the proposed method. 

2. REASONS TO ACCELERATE THE CONSTRUCTION SCHEDULE 
There are many situations where the owner or the contractor needs to accelerate the project schedule. A summary of 
these reasons is as follows: 

 To realize incentive payment associated with completing a project before a specific date. 
 To shorten the schedule of a project to fit within the contractually required time. This reason can be influenced 

by bid price. 
 To make up time from delays to avoid paying liquated damages. Finishing on time may affect the company’s 

relationships and reputations. 
 To complete a project early and move on to another project. Although the job-specified profit may reduce, 

company profile may increase as a result. 
 To complete a project when weather conditions make it less expensive. For instance, avoid temporary heating; 

avoid completing site work during rainy seasons. 
Dealing with the first three reasons is easy in order to define the savings/earnings per day. However, the situation for 
the last two reasons may be difficult to assign savings/earnings per day. 

3. METHODS TO REDUCE DURATIONS OF AN ACTIVITY 
At the time of making a decision to accelerate a project, the contractor has many means to accelerate an activity. Each 
method has a negative side effect. A summary of these methods are: 

 Have the existing crew work overtime. This increases the labor costs due to increase pay rate and decrease 
productivity. 

 Bring in additional workers to enlarge crew size. This increases labor costs due to overcrowding and poor 
learning curve. 

 Use better/more advanced equipment. This will usually increase costs due to rental and transport fees. If labor 
costs (per unit) are reduced, this could reduce costs. 
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 Add subcontracted labor to the activity. This almost always increases the cost of an activity unless the 
subcontracted labor is far more efficient. 

 Resequencing or rescheduling the project. This will usually increase costs due to mobilizing project equipments 
and materials. 

 When making the decision to shorten the duration of the project, the costs will be affected by the compressed work. 
Such costs related to acceleration claims are summarized by Levin [6]: 

 Additional labor, equipment, material (purchase and/or delivery), supervision, and overhead 
 Reduced efficiency due to increased manpower  
 Disruption of schedules designed for optimum equipment, manpower, and overhead utilization  
 Overtime (and accompanying inefficiencies) and premium time  
 Stacking of trades 

One of the methods to compute inefficiency costs is comparing the unit costs with acceleration to unit costs without 
acceleration. Another method sometimes used to compute price inefficiencies, especially for forward priced claims, is 
by implementing statistical data. 
 

4. PROBLEMS ASSOCIATED WITH ACCELERATION 
Acceleration can be defined as an action taken by the contractor in order to speed up the progress on a task to have 
early completion or to make up for lost time [6]. The acceleration may be owner-directed to compensate for the delays 
that the owner is responsible for, Owner Acceleration (OA). Another name for this type of acceleration is directed or 
ordered acceleration whereby the owner explicitly directs the contractor to accelerate the work. The contractor also has 
the right to finish early by allocating more resources or by making changes in the project execution in accordance with 
the ‘means and method’ right that are specified in the contract, Contractor Acceleration (CA). An alternate name for 
Contractor Acceleration is a Voluntarily Acceleration in which the contractor, at his own initiative, makes efforts to 
overcome his own delays and/or to complete activities earlier than planned [6]. The third type of acceleration is 
Schedule Acceleration (SA). There is no one responsible for this type of acceleration. Examples of SA are 
improvements in weather condition and early arrival of material to the site. So, neither the owner nor the contractor 
pays money for this acceleration [1].  

In all cases of acceleration, the contractor makes a reasonable attempt to accelerate and incurs additional expenses. 
However, there is another type of acceleration called Constructive Acceleration in which the activities are accelerated 
by the contractor (CA) to finish the job according to the planned schedule where Excusable Delays (EX) have occurred 
but no time extensions have been granted, as shown in Figure 1. This type of acceleration is difficult to define its 
responsibilities. In general, accelerating the critical path gives a credit to the party who carry the expenses of the 
acceleration to minimize his/her previous delay on the schedule. At any point in time, the contractor should know from 
the adjusted schedule how much he/she delayed the project so far, and how to accelerate the project in his/her favor. 
The contractor should manage the project in a way that does not affect him later when analyzing the delay claim. 

                    
 
 
 
 
The float is another issue associated with accelerating the project. It is reduced as a result of accelerating the critical 
path as shown in Figure 2, which causes an increase in the project risk [1]. Consequently, the party who carries the risk 
contractually would suffer as a result. The acceleration affects not only the critical path, but the noncritical paths as 
well. If the acceleration occurs in a noncritical path, additional TF would result from the successor activities on the 
same path. These increased float time have an effect on reducing the project risk. Figure 3 shows how the float time can 
increase resultant from accelerating the noncritical path. Although accelerating a noncritical activity does not give a 

Figure 1 Increased the TF Resulting from 
Noncritical Path Accelerating 

 

Figure 2 Reduced the TF Resulting from Accelerating 
the Critical Path 
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significant result in accelerating the project, it might be used as a contractor tactic to give additional float time to its 
successor noncritical activities that have great uncertainties in their time which in turn might delay the project. 
Many studies have however shown that the manner in which float time is consumed has a direct impact on the projects 
overall risks in terms of cost and time [2, 3, 4, 7, 10]. The unplanned consuming of total float can in fact increase the 
cost of noncritical activities, and raise the chances of project delays. It is known in the field of construction 
management that it is easy to consume float time early in a project, only to be left with real challenges to manage that 
time at the later stages of the project. Gong and Rowings (1995) and updated by Gong (1997) recognize the increased 
risk of schedule overruns caused by the use of total float  that follows a parabolic curve similar to Figure 4 [3, 4]. The 
study indicated that the project costs can be increased if Total Floats are consumed up to a certain point. 

                      
 
 
 
 

5. SOME DEFINITIONS 
Before illustrating the proposed method, some terms need to be defined as follows: 
Activity Direct Costs: It is the cost of all items that are linked directly to activity cost from material, equipment, and 
direct labor required to perform the activity in question.  
Project indirect costs: It is the cost of all items that are linked indirectly to the project cost. It may include, in addition 
to supervision and other customary overhead costs, the interest charges on the cumulative project investment, penalty 
costs for completing the project after a specified date, and bonuses for early project completion. 
Normal activity time-cost point: The normal activity cost is a minimum direct cost that is required to complete an 
activity. The normal cost is corresponding to the normal time. 
Crash activity time-cost point: The crash activity time is the least time to finish an activity technically. This crash 
time is corresponding to crash cost that is assumed to be the minimum direct cost required to reach the crash 
performance time. 
Reduction Time (RT): It is the maximum available time for an activity that can be reduced. Simply it is the difference 
between normal and crash time. 
Cost Slope (CS): It is the cost rate per time reduction. It can be computed by dividing the difference between the 
activity costs by the reduction time. 

6. PROPOSED METHOD 
The proposed method works simultaneously with Time-cost-trade-off method to estimate the increased risk that is a 
resultant to each acceleration day. It follows five steps to compute the increased risk. The proposed method starts with 
the following steps (see Figures 5and 6): 
STEP 1: Distributing the project risk among all project activities. Equation1 is utilized to get the risk ratio of each 
activity: 
 
           Risk Ratio for each activity (%) =                                                                          (1) 
  
 
The above ratio assumes that the project risk (or project contingency) is allocated proportionally with the project direct 
cost. Some other methods to allocate the project risk are linking the Risk Ratio with activity duration, labor hours, or 
activity types similar to Pasiphol and Popsecue (1995) [8]. However, it is preferred to adjust these risk ratios by the 
project manager to reflect the real uncertainty of each activity. 
 
STEP 2: For each activity, distributing the Risk Ratio over its Total Float (TF) and Reduction Time (RT) by using this 
equation: 

Figure 3 Constructive Accelerating  

 

Figure 4 Float reductions influence on expected 
project time [3] 
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Risk Ratio Distribution for each activity (%) =                                                          Risk Ratio    (2) 
 
Where n = 1, 2, …, (TF+ RT) 
This equation distributes the Risk Ratio to have a curve that reflects increasing the project risk with reducing the value 
of TF and RT. That means the more TF and RT are reduced the more project risk is increased. Equation 2 is stemmed 
from the “Sum-of-the-year-digit” method that shows how a product value diminishes with the time [9]. However, 
equation 2 works oppositely to “Sum-of-the-year-digit” method in which it shows how the project risk value increases 
with float usage as shown in Figure 4. 
STEP 3: Start accelerating the project critical path(s) by using Time-Cost-Trade-Off method as illustrated by Hinze 
(2003) [5]. 

 
 
 
 
STEP 4: With each accelerating time or cycle, associated increased risk can be computed by comparing first the TF of 
all activities before and after accelerating the critical activities. As a result of accelerating the critical activities, the TF 
of affected noncritical activities will be reduced. This reduced TF ties with Risk Ratio Distribution that have been 
calculated in equation 2. Then, the Increased Risk of each activity can be calculated by summing up the Risk Ratio 
Distribution of that activity as indicated by this equation: 
 Increased Risk for each activity (%) =  Risk Ratio Distribution       (3) 
 
STEP 5: Compute the Project Increased Risk by adding all Increased Risk of all activities as in the following equation: 
  
Project Increased Risk (%) =                                                                        (4) 
  
 

digit  RTand TF  theof Sum
n

 

Figure 5 Proposed Method Flowchart- Part 1 Figure 6 Proposed Method Flowchart –Part 2 
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This Increased Risk can be expressed in money value by multiplying the “Project Contingency” or “Project Mark-Up” 
value by this Increased Risk percentage. 

 
7. ILLUSTRATIVE EXAMPLE 

To show the process of the proposed method, a small illustrative project has been used. Table 1 shows the cost data for 
this project. The CPM network and Bar chart are shown in Figures 7 and 8. Each activity has a normal and crash time 
and cost. Risk Ratio of each activity is calculated by using equation 1 that depends on direct cost data as shown in 
Table 2. As noted on this table, the summation of all activities Risk Ratio must be 100%. This ratio can be adjusted by 
the project manager to reflect the actual risk ratio of each activity on the project as mentioned before. 
Each Risk Ratio of an activity needs to be distributed over the period of Total Float (TF) and reduction Time (RT). 
Equation 2 is utilized to do these calculations. Table 2 shows the result of this calculation. For example, the first Risk 
Ratio Distribution of Activity F can be computed as following: 
 
1st Risk Ratio Distribution of activity F =                                              15% = 0.42 % 
  
As noticed on the Risk Ratio Distribution over the TF and RT, the activity’s Risk Ratio Distribution increases with 
reduces the TF and RT where the activity becomes more risky and critical. Finally, the summation of each activity’s 
Risk Ratio Distribution should be equal to the whole activity Risk Ratio. 
After all the activity’s risk ratio is distributed for the entire project, the Time-Cost-Trade-Off process can be started. 
First, activity C has been selected to be accelerated by 3 days because of having lower cost slope. As shown in Table 3, 
the TF of all noncritical path activities and RT of accelerated critical activity C affected as a result of impacting the 
schedule by 3 days acceleration. These TF and RT changed values calculate the Increased Risk of each activity by 
summing up the corresponding values of Risk Ratio Distribution that are calculated in Table 2. For example, the 
Increased Risk of Activity G which affected by accelerating activity C is the summation of three corresponding values 
in Table 2 which are 0.23, 0.46, and 0.69.  Thus the increased risk of activity G becomes a 4.28 % as shown in Table 3. 
Therefore, the project risk has been increased for activities C, F, G, and H by 26% as shown in Table 3. Table 4 and 5 
represent the increased risk as a result of accelerating activities A by 1 day and activity B by 2 days. Finally the project 
risk has been increased by 85% as shown in Table 6. 

Table 1 Example Project Data 

Activity 
ID 

Normal 
Duration  

Normal 
Cost 

Crash 
Duration 

Crash 
Cost 

Reduction 
Time 

A 5 $350K 4 $400K 1 
B 6 $700K 4 $820K 2 
C 7 $550K 4 $670K 3 
D 2 $100K 2 $100K 0 
E 2 $200K 2 $200K 0 
F 5 $450K 3 $610K 2 
G 2 $250K 2 $250K 0 
H 3 $400K 2 $500K 1 
  $3M    

 
Figure 7 CPM As-planned schedule for the applied example 
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Figure 8: As-planned bar chart for the example project 
Table 2 Analyzing the Example Project Increased Risk 

Act. 
ID 

Risk 
(%)  RT* TF** RT+ 

TF 
Risk Distribution (%) 

1 2 3 4 5 6 7 8 9 
A 11.7  1 0 1 11.70         
B 23.3 2 0 2 15.53 7.77        
C 18.3 3 0 3 9.15 6.1 3.05       
D 3.3 0 0 0          
E 6.7 0 4 4 2.68 2.01 1.34 0.67      
F 15 2 6 8 3.33 2.92 2.5 2.08 1.67 1.25 0.83 0.42  
G 8.3 0 8 8 1.84 1.61 1.38 1.15 0.92 0.69 0.46 0.23  
H 13.3 1 8 9 2.66 2.36 2.07 1.77 1.48 1.18 0.89 0.59 0.30 
 100              

            Legend: * Reduction Time, ** Total Float 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5 Increased Risk as a result of Accelerating Activity B 

Act TF Impact Increased 
Risk TFbefore TFafter |TF| 

A -1 -1 0 0 % 
B 0 -2 2 23.3 % 
C -3 -3 0 0 % 
D 0 0 0 0 % 
E 3 1 2 3.35 % 

Act TF Impact Increased 
Risk TFbefore TFafter |TF| 

A 0 0 0 0 % 
B 0 0 0 0 % 
C 0 -3 3 18.3 % 
D 0 0 0 0 % 
E 4 4 0 0 % 
F 6 3 3 4.28 % 
G 8 5 3 1.38 % 
H 8 5 3 2.22 % 
     26 % 

Table 3 Increased Risk as a result of Accelerating 
Activity C 

 

Table 4 Increased Risk as a result of Accelerating 
Activity A 

 

Act TF Impact Increased 
Risk TFbefore TFafter |TF| 

A 0 -1 1 11.7 % 
B 0 0 0 0 % 
C -3 -3 0 0 % 
D 0 0 0 0 % 
E 4 3 0 0.67 % 
F 3 2 3 2.86 % 
G 5 4 3 0.92 % 
H 5 4 3 1.48 % 
    18 % 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 2, February 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 2, February 2013 Page 193 
 

F 2 0 2 7.86 % 
G 4 2 2 2.53 % 
H 4 2 2 4.07 % 
     41% 

Table 6: Final Project Example Results 

Cycle 
No. 

Reduced 
Activity 

Reduced 
Time 

Increased 
Cost  Total Cost Project 

Duration 
Increased Risk 

0    $3000K 20 0 
1 C 3 120 $3,120K 17 26 % 
2 A 1 50 $3,170K 16 26 + 18 = 44 % 
3 B 2 120 $3,390K 14 44 + 41 = 85 % 

8. RESULT DISCUSSION 
The Contractor has the choice to start Activity A, C, and B because of having a lower risk ratio. However, it is up to the 
contractor to consider the risk versus minimum cost slope to select which activity to accelerate. In this model, the 
increased risk becomes separate from the factor of minimum cost slope because it is up to the contractor to consider the 
risk factor or accelerating the project based on minimum direct cost only. In other words, the contractor may or may not 
want to pay money to lower project costs. 

9. CONCLUSION 
A proposed method of computing the Increased Risk that is associated with accelerating the project is developed in this 
paper. This method is a trial to estimating the increased project risk in any acceleration in the project schedule. This 
increased risk can be significant if the project were in a conflict between the project teams and its risk value is high. It 
is from the projects control point of view, the party who is bearing the project risk should keep track of any change to 
the project risk from increasing or reducing and solve its liabilities during the course of the project.  
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