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Abstract 

Project managers in the construction industry 

confront challenges in managing inventories and 

executing projects within the scheduled time frame. 

In this research, a mathematical model is given for 

applying the Lagrange method and linear 

programming to tackle the time-cost and storage-

related difficulties that arise in the construction 

project. The study's objectives are to 

minimize total cost escalation and ascertain the 

ideal order quantity for the building project while 

considering non-negative, start, crash, and floor 

space limits into account. The ideal order quantity 

is determined using MS Excel, and LINDO 

software determines the crashing duration. 

Program analysis produced a workable solution. 

The model maintains the analysis's accuracy and 

the outcomes' correctness.  By increasing the 

project's cost, the linear programming approach 

predicts when each task will take less time to 

complete. The EOQ model was proposed to 

determine the optimal order quantity of building 

supplies. Adopting this technology can yield instant 

benefits for any real-time construction job. 
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1 Introduction 

Project management is a study that involves the 

application of skills, tools, and techniques to meet the 

project requirements. Whenever the project gets 

delayed and runs behind schedules, the overall indirect 

cost increases. Usually, project duration can be 

reduced by crashing activities and assigning more 

resources. Construction of a project with a normal 

duration will ensure specific resources and direct 

costs. In contrast, the same project is constructed under 

the crashing method, decreasing project duration and 

escalating the cost to the allowable percentage. A 

study developed an optimum solution for time and cost 

using ant colony optimization without dominating 

either function. Zhang presented a time-cost 

optimization problem using the ant colony method. To 

deal with the multi-objective problem, a modified 

weight approach was implemented to combine time 

and cost as a single objective[1]. Mondal proposed an 

intuitionistic fuzzy geometric programming to solve 

the deterministic single objective problem[2]. This 

study was conducted in an apartment consisting of 9 

floors located in Bangalore. This paper proposes a 

mathematical model to solve the time-cost and 

storage-related problems in the construction project 

using linear programming and the Lagrange method, 

respectively[3]. The study aims to optimize the overall 

cost escalation and determine the construction 

project's optimum order quantity under start time, 

crash time, non-negative, and floor space constraints. 

To determine the crash duration and optimum order 

quantity, LINDO Software and MS Excel are used, 

respectively. 

2 Background 

The time and cost optimization technique 

decreases the total float available for non-critical 

activities and decreases the flexibility of the schedule. 

There is always a need to establish a new method for 

time and cost such that it can provide optimum time 

and cost value. The author has attempted nonlinear 

integer programming using the best solver technique, 

which can be applied to a real-time project[4]. 

Whenever there is a trade-off between time and cost, 

the duration of the project will decrease, and the cost 

will increase. The results obtained proved the model is 

significant. It helps the project manager execute 
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different trade-offs between time and cost[5]. A study 

proposed an intuitionistic fuzzy geometric 

programming to solve the deterministic single 

objective problem. Intuitionistic fuzzy geometric 

programming can also solve economic order quantity 

with a deterministic single objective model with floor 

space constraint. Any variable such as limited 

production cost, time-dependent and independent 

holding cost can be considered. Intuitionistic fuzzy 

geometric programming can be extended by existing 

fuzzy geometric programming to solve nonlinear and 

linear optimization problems. This method can 

minimize the total average cost of the EOQ model by 

applying intuitionistic fuzzy geometric programming. 

Intuitionistic fuzzy geometric programming is more 

feasible and preferable than crisp and fuzzy geometric 

programming[2]. The cost factor has to lie within a 

permissible range. The company will face huge losses 

if the cost exceeds the permissible range. Table 1 

shows the percentage cost escalation from literature 

using different methods. It shows that, the average 

permissible cost escalation can be 1.0% - 1.3%.  

Table 1. The percentage cost escalation 

Author Method % Cost 

Escalation 

Uroš 

Klansek [6] 

Nonlinear 

Programming 

1.16 

Mohammed 

Woyeso 

Geda[7] 

Linear 

Programming 

1.11 

Omar M. 

Elmabrouk 

[8] 

Linear 

Programming 

1.09 

Michael J. 

Risbeck [9] 

Mixed-Integer 

Linear 

Programming 

1.12 

Athanasios P 

et al  [10] 

Approximation 

method 

1.96 

Michael J. 

Risbeck at al 

[11] 

Mixed-Integer 

Linear 

Programming 

2.09 

Ehsan 

Eshtehardian 

at al [12] 

GA and fuzzy 

sets theory 

1.4 

Rana A. Al 

Haj et al [5] 

Nonlinear-

Integer 

Programming 

0.99 

Mohammed 

Nooruldeen 

Azeez et al 

[13] 

Ant Colony 

Optimization 

1.05 

Yanshuai 

Zhang et al 

[1] 

Ant Colony 

Optimization 

0.75 

 

3 Methodology 

In this research, the following methodology is 

framed in Figure 1 to achieve the study's objectives, 

which are to minimize total cost escalation and 

ascertain the ideal order quantity for the building 

project while taking non-negative, start, crash, and 

floor space limits into account.  

 

Figure 1. Methodology chart 
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Technical specifications in the research included: 

i. Activity on Node used to determine the 

network logic for the project schedule.  

ii. The cost slope is the slope of the direct cost 

curve, approximated as a straight line. It is 

defined as follows.  

 𝐶𝑠  =  
𝐶𝑐 − 𝐶𝑛

𝑡𝑛 − 𝑡𝑐

 =  
∆𝐶

∆𝑡
 

      

(1) 

Where: 

Cs Cost slope 

Cc Crash Cost 

Cn Normal Cost 

tn Normal Time 

tc Crash Time 

∆𝐶 Change in cost 

∆𝑡 Change in time 

iii. Linear programming is a technique used in 

mathematics to optimize processes under 

limitations. Maximizing or minimizing the 

target function is the aim of linear 

programming. The optimization is done 

using the LINDO program, which has a high 

degree of ease in solving complex functions.  

4 PROPOSED EOQ MODEL  

The best order amount a business or organization 

should buy to reduce inventory expenses, including 

holding costs, shortfall costs, and order costs, is the 

economic order quantity, or EOQ. Finding the ideal 

quantity of product units to order is the goal of the 

economic order quantity. If successful, a business can 

reduce the price of purchasing, shipping, and storing 

units. Production levels and order intervals are also 

determined using the economic order quantity model 

to maintain the ideal inventory level. The software can 

coordinate supply chain networks and logistics with 

the economic order quantity model. In cash flow 

analysis, the model is equally crucial. The approach 

can assist a business in managing the cash flow related 

to its inventory. In the EOQ model as shown in figure 

2, the reorder point is defined as the point at which the 

inventory is about to fall. Economic order quantity is 

responsible for reordering, the cost incurred while 

placing an order, and storing the materials. 

 

Figure 2. Algorithm To Solve the EOQ Model 

 In the construction industry, projects face high 

inventory costs because of the need for more floor 

space to keep the materials. To minimize the total costs 

of inventory, an Economic order quantity model with 

floor space constraints is developed using the 

Lagrangian function. The concept of EOQ is to 

determine the optimum order quantity of each material 

for the available floor space. This model can help 

construction engineers manage and control the 

inventory and facilitate ease of construction. The 

project has limited warehouse capacity, and the items 

compete for floor space. The available floor space in 

the construction project is 376 sq. m. To construct the 

model, the following assumptions are made: 

Production or supply is instantaneous with no lead 

time. Demand is uniform and deterministic. Shortages 

are not allowed. Suppose there are N-items to be stored 

in an inventory system; then - 

The total unit cost for all the items is given by: 
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