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Abstract: The purpose of this paper is to prove the relationship between maintenance and logistics activities. 
The analysis focuses on a dataset from a logistic service provider and it is carried out using a linear regression 
model. The findings suggest that expenditure in maintenance contribute to improve the quality of the service 
level and at the same time an effective maintenance can be achieved by making appropriate design decision 
on the characteristics of warehouse facilities. In particular location and age of building prove to have an 
influence on the breakdown maintenance, while the volume of freights is a significant cost factor of the 
damage maintenance.  
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1. Introduction  

Organizations are typically reluctant to spend in order to 
maintain build industrial asset and fail to recognise that 
significant contribution can be made by the maintenance 
function towards productivity. Often maintenance 
conditions become critical to managers only if the 
obsolescence gap is so large to be any more able to 
support operative and industrial operations. Therefore it is 
not so easy for companies to perceive the expenditure in 
maintaining the building components as a crucial success 
factor.  Indeed, the increase in the number and variety of 
physical assets to be maintained and the increasing 
maintenance costs ask companies to re-analyze the  role of 
maintenance towards profitability, efficiency and 
competitiveness (Cooke, 2003). Organizations are 
becoming interested to examine the relation of building 
maintenance costs to the results from operating activities. 

Our research group was asked to help a Global Logistic 
Service Provider (GLSP) committed to freight transport, 
handling, storage, safely and timely delivery of parcels, 
documents and freights items throughout the world to 
improve maintenance strategies and, therefore, to explore 
the importance of maintenance for the core business . To 
this end, we worked to find out the main factors related to 
maintenance costs of storage facilities with the purpose of 
identifing the main characteristics of the ideal warehouse . 
This research demonstrates that it is possible to enhance 
warehouse performance through design and operations of 
an appropriate maintenance function. In fact, it is shown 
that the cost of warehouse building maintenance is related 
to the performance of the logistic business, together with 
other relevant operational factors. 

The paper is structured as follows. The next section is a 
review of existing research, then we discuss the empirical 
analysis and the main results. 

2. Literature review 

The aim of a logistic provider is to pick items at 
warehouses and timely deliver them to end customers 
with superior service as a source of competitive advantage 
(Chee-Chuong and Chew Been, 1999). In addition in the 
last years, logistic services are requested to service larger 
distances so that lead times are getting shorter. Service 
requests vary over broader ranges and change more 
frequently and more rapidly (Damen, 2001). In this 
context, customer satisfaction is a crucial aspect of the 
logistics service. As a matter of fact, satisfied customers 
are reported to have higher customer retention rates and 
more likely to recommend others to become customer of 
the firm (Keiningham et al, 2007). In logistics customer 
service can be viewed as the outbound shipments activity 
and lead time it is the in interval between order placement 
and the customer’s receipt of that order in good 
condition. (Bookbinder and Lynch, 1997). In other terms, 
the punctuality of delivery, which can be measured as the 
number of order delivered on time divided by the total 
number of orders, is a very important factor of 
competitive advantage in logistics, because customers are 
willing to pay more money in exchange for an efficient 
service ( Voss et al., 2005). 

According to Lavy and Shohet (2008) performance of 
facilities are strongly dependent on their maintenance and 
a proper maintenance brings to a better building 
performance through reduction of breakdown and 
maximizing the facility availability at minimum cost.  
Organizations are more and more interested in exploring 
the relation between building maintenance costs and 
operations and to affirm the role that maintenance can 
play the enhance the organization’s ability to compete in 
the market (Stoy, 2007). Madu (2000) considers 
maintenance and reliability of manufacturing plant 



equipment as key elements that can have a significant 
impact on the organization’s ability to compete effectively. 
Ahuja and Khamba (2008) state that successful organiza-
tions have to strategically integrate maintenance into their 
operational strategies to boost productivity and 
performance. Some theoretical frameworks have been 
developed for this purpose, although very few analyze the 
strategic design of cost-effective models for warehouse.  
Jones and Sharp (2007) propose a model based on an 
integrated approach to built asset maintenance 
management that links the impact that a maintenance 
action has on the business performance of the 
organization paying for it. According to El- Haram and 
Horner (2002) in order to reduce maintenance costs, with 
reference to residential buildings, it is necessary to 
minimize the number of maintenance tasks, by selecting 
the most applicable and cost-effective maintenance 
strategy, training of maintenance tasks by reducing or 
controlling the impact of the factors which can have an 
effect on maintenance costs. 

Arditi and Nawakorawit (1999) suggest that maintenance 
problems that occur during the lifetime of a building can 
be minimized by making the corresponding decisions early 
in the design  phase of the project; therefore it is very 
important to identify which are the most significant factor 
that influence maintenance costs. So it is important to 
design and build maintenance cost-efficient workplaces or 
to select constructed facilities that were designed for this 
objective, investigating the elements that influence the 
warehouse efficiency. 

3. Empirical analysis  

This paper analyzes an empirical set of facility 
management (FM) data from a number of Italian 
warehouses leased by a leading global logistic service 
provider to explore relationships between FM and logistic 
activities. 

Data were gathered during the year 2009 from 78 
warehouse facilities located throughout Italy, with a total 
of 273,795 m 2of usable floor space. The size of 
warehouses is heterogeneous and ranges from 608 to 
16,172 m2, with median size equalling 1,800 m2 

The first step of the analysis focuses on the operational 
performance indicators supplied by the company.  

In particular we study the outbound service level (OSL) 
defined as the percent items not delivered on time to end 
customers and we consider several indicators as it is 
shown in table 1 where we report the indicator taken into 
account, its acronym, lower quartile, median, upper 
quartile and standard deviation. 

First, freight traffic is separated into two different flows: 
incoming items/m2  per day (II) and outgoing items/m2 

per day. Second, the vehicles to docks ratio (V/D) is 
recorded to indicate the number of both vans and trucks 
used per loading dock available at the warehouse. Then 
we consider the level of customer satisfaction (CS), 
measured by the number of items delivered over the 
number of claims called by customers. The analysis 

includes the inbound service level to (ISL), defined as the 
percent of items not picked on time. Moreover we 
consider the productivity according to different point of 
vies: PROD is the pick up and delivery productivity that is 
referred to the ration between the total number of moved 
items and the number of total vehicles. I/h is the handling 
productivity, which is the ratio of the total number  
managed items to the amount of item- handling working 
hours. Finally we measure the cost of building 
maintenance (MC). 

To explore the relation of business performance the 
analysis focuses on understanding which one of the 
indicators above are relevant factors to OSL and to this 
aim we carry out a liner regression analysis. Linear 
regression analysis is a widely used tool for investigating 
costs, and it reflects the relationship between variables of 
historical data (Tukey, 1977). A first statistical analysis 
showed a non-normality of records, therefore a 
logarithmic transformation has been applied to the 
outbound service level data with a minus sign to get 
positive records for better interpretation; the transformed 
variable results to be normal distributed, so that it can be 
used as the response factor in the regression analysis. 

Results of the regression are shown in Table 2. The 
columns report, respectively, the estimate of the 
regression coefficient, the standard error of the coefficient 
estimate, the value of T statistic and the p value with 
associated level of significance.  

Results suggest that OI, ISL, PROD, I/h and MC are 
significant factors of the behaviour of outbound service 
level. 

OI shows a negative impact on the transformed response 
variable (-ln(OSL)) so high traffic levels entail high late 
deliveries and vice versa. This means that warehouses 
should be designed with proper floor area space 
requirements to avoid high freight traffic intensity that 
could have a strong impact on the logistics service level 
performance.  

As well as the negative influence of ISL confirms the 
intuitive idea that an efficient pick up service is likely to 
contribute to an efficient out bound service due to the 
fact that these activities are strictly linked along the 
process line.  

PROD appears perfectly related with –ln(OSL), therefore,  
an efficient planning of network rooting and appropriate 
sizing of the vehicle fleet leads to more on-time services. 
I/h too is a relevant factor for the response variable. This 
result proves that through an efficient handling process, 
carried out by human resources, it is possible to achieve a 
better delivery performance.  

Finally, the relation with maintenance, typically not 
considered by industrial players, here proves to be 
significant. Therefore, warehouse managers should not 
consider maintenance as a necessary evil (Muoa and 
Russel 2001), but rather as a supporting system for the 
purpose of improving the performance logistics 
operations. 



These results suggest that is important to investigate the 
factors of maintenance costs in warehouse facilities in 
order to avoid ineffective and expensive managerial 
practices that have a negative impact on the operational 
activities. Maintenance costs have to be indicated with 
cost indicators ( dependent variable), which are related to 
relevant cost factors (independent variables) (Stoy and 
Kytzia 2008). This paper suggests a similar investigation 
into warehouses buildings.  

GLSP outsources the maintenance service of all 
warehouses to a sole national external contractor, while 
maintaining a light in-house staff to manage the 
contracted service, control the fulfilment of contract 
requirements and avoid the risk of the service agent’s 
opportunism (Hui and Tsang, 2004). The contractor 
executes a system of regularly preventive maintenance 
actions according to the annually arranged schedule and is 
compensated a lump-sum fee for all warehouses as agreed 
upon by the service contract. The contractor also supplies 
for prompt reactive repair or replacement of breakdown 
items. 

In the case of breakdown of an item that underwent 
proven diligent scheduled maintenance, the service 
contractor executes the work, and GLSP is only charged 
the unit price of replaced material; in the case of damage 
due to proven inappropriate human usage of the item by 
the occupier it is charged with both the cost of materials 
and labour time spent in maintenance. 

Table 3 shows several parameters that characterise the 
pool of warehouse facilities. It reports the indicator taken 
into account, its acronym, lower quartile, median, upper 
quartile and standard deviation. 

The potential factors are the size referred to as the usable 
floor area (UFA), age, monthly lease amount (MLA) – 
GLSP is not the owner of the building-  and monthly 
freight volumes (MFV). UFA ranges from 608 to 16,172 
m2. The age of building, which refers to the time elapsed 
since beginning of occupancy of either new or refurbished 
warehouses, was not more than 20 years. The median 
monthly lease was 5.25 €/m2, with variations depending 
on the local real estate market place. The mean volume of 
freight transiting was 21 parcels/m2 . 

The analysis aims to identify which of the parameters 
among those on Table 3 are relevant factor to 
maintenance costs. A first statistical analysis showed a 
non-normality of responses variables. Therefore, a 
logarithmic transformation was applied to the breakdown 
maintenance cost (BMC) and damage maintenance cost 
(DMC) data, which allows to lead to a normal distribution. 
Thus, the transformed DMC and BMC variables (in the 
following mlogBMC and mloogDMC respectively) are 
used as response variables of the linear regression model. 

Another independent variable is the area of Italy wherein 
the warehouse is located. 1 is North, 2 Centre and 3 
South. 

Tables 4 and 5 show the results of the regression analysis 
on the dataset. The model includes both the first-order 
variables and their second order interactions. The 

columns report the estimate of the regression coefficient, 
the standard error, the value of t statistic, the p value and 
the associated level of significance. 

From Table 4 emerges that the geographical location of 
the warehouse facility is a relevant factor. The monthly 
amount paid for leasing the facility is also a relevant 
factor. In particular, the northern part of Italy is 
associated with reduced maintenance cost compared to 
the central and southern regions. Clearly, all second-order 
interactions with the region are also relevant maintenance 
cost factors (AGE:region; MFV:region; MLA:region). 

As a practical implication, this means that the location 
decision model is an important component not only for 
running an effective logistical business, but also for 
reducing the breakdown maintenance cost of warehouse 
building assets. 

With regard to damage maintenance costs, the monthly 
volume of freight treated by the single warehouse is 
significant at the level of p less than 0.01. The age of the 
building, though still a relevant driver of damage 
maintenance cost, is a less significant factor than in the 
breakdown maintenance cost. This corroborates the 
intuitive expected behaviour: in fact, while breakdown of 
building elements is highly related to their consumption 
and aging, here the higher the freight volumes, the higher 
the likelihood that a damage incident is generated by the 
logistics staff. Obviously, second-order interactions of 
MFV and AGE also result in significance. 

Since the damage maintenance cost is directly linked to 
the traffic stress, a warehouse bearing high damage 
maintenance cost is not appropriately sized for the freight 
traffic it is expected to manage, thus requiring 
optimisation of floor space area. 

4. Conclusion  

Our study underlines that the importance of the 
maintenance, together with few variables associated with 
the operational characteristics of the logistic business, are 
significant variables to improve the outbound service 
level. 

For a better logistic business performance it is important 
to appropriately design the layout of the warehouse, 
considering that space assigned to incoming freight do not 
influence the delivery service, whereas space for outgoing 
traffic is a relevant factor. Moreover one should 
effectively execute vehicles routing and size number of 
vehicles, and efficiently use human resources’ 
productivity. 

In addition, the original finding is that maintenance cost is 
a significant driver of the outbound service level 
performance; therefore we propose managers to avoid 
considering maintenance expenditure just as a necessary 
evil (Muoa and Russell, 2001), but rather as a supporting 
system for the purpose of improving the performance 
logistics operations. 

The relevance of maintenance brings us to explore the 
factors that influence the maintenance cost in order to 



achieve cost savings and avoid ineffective and expensive 
practices. The results underline that geographical location 
and size are strategic factors for reducing maintenance 
costs and for supporting logistic activities. The ideal 
warehouse must be designed with a proper ratio between 
the UFA and the volume of transiting goods to avoid 
either under or over utilization of the warehouse’s space.  

In conclusion, despite some limitation associated with the 
geographical area considered for the analysis and the 
difficulty to anticipate traffic volume changes, this work 
still proves validity: it supports the notion that an 
appropriate design of the strategic characteristic of the 
warehouses, such as size, and increased investment to 
preserve the maintenance status of the building and 
service component are elements driving improved 
performance of the logistic service level. 
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  Acronym 
lower 
quartile 

Median 
Upper 
quartile 

Standard 
Deviation 

Independent variables      

Incoming Items (items/m2 *day) II 0.635 0.77 2.05 0.4 

Outgoing Items (items/m2 *day) OI 0.345 0.76 4.77 0.6 

Trucks/Docks T/D 0.95 1.23 1.93 3.68 

Customer Satisfaction CS 1229.5 1665 2271 948.92 

Productivity PROD 55.76 60.44 66.54 9.16 

Inbound Service Level ISL 4.99 5.98% 6.91 0.002 

Items/h I/h 36.27 54.05 75.26 58.88 

Maintenance Costs (€/m2 ) MC 0.33 0.62 1.42 1.31 

      

      

Dependent variable      

Outbound Service level OSL 4.98% 5.75% 6.44% 0.02 

 

                                                     Table 1. Indicators of outbound service level performance 

 

  

  Acronym Estimate Std.Error  t-value p-value Significance 

Independent variables       

Incoming Items  II 0.0569 0.0647 0.88 0.382  

Outgoing Items  OI -0.15199 0.04543 -3.35 0.001 ** 

Trucks/Docks T/D 0.00199 0.007094 0.28 0.779  

Customer Satisfaction CS 0.00005 0.00003 1.61 0.113  

Inbound Service Level ISL -3.634 1.602 -2.27 0.026 * 

Productivity PROD 0.01247 0.00283 4.4 0.000 *** 

Items/h I/h 0.00106 0.00051 2.11 0.039 * 

Maintenance Costs  MC 0.05457 0.02521 2.16 0.34 * 

       

R-square  0.428     

Adjiusted R-Square  0.361     

Significance Notation 0 *** 0.001 ** 0.01 *    

                                                           Table 2. OSL regression analysis results 

 
                                      

  Acronym 
Lower 
quartile 

Median 
Upper 
quartile 

Standard 
Deviation 

Independent variables      

Usable floor area (mq) UFA 1107 1800 2536 1199.9 

Age of building  (years) AGE 5 8 11 4.2 

Montlhy lease amount/Usable floor area  (€/mq) MLA 4.45 5.25 6 1.11 

Montlhy freight volumes/Usable floor area (parcel/mq) MFV 12.54 21 31.21 16.06 

      

Dependent variables      

Breakdown maintenance cost BMC 0.004 0.031 0.109 0.151 

Damage maintenance cost DMC 0.013 0.063 0.129 0.207 

                                                         Table 3. Factors of maintenance cost 

 

 

 

 

                                                



  Estimate Std.Error  t-value p-value Significance 

Independent variables      

AGE 0.3972 0.424123 0.937 0.3517  

MLA 0.39412 0.30939 1.275 0.2058  

MFV 0.843879 0.353395 2.388 0.0198 * 

REGION 6.122029 2.441843 2.507 0.0141 * 

AGE:MFV -0.036328 0.028024 -1.296 0.1985  

AGE:MLA -0.051132 0.081251 -0.629 0.5309  

MFV:MLA -0.059047 0.054442 -1.085 0.281  

AGE:REGION 
-

0.0510313 
0.233819 -2.183 0.019 * 

MFV:REGION -0.387339 0.170097 -2.277 0.0253 * 

MLA:REGION -1.116277 0.478975 -2.331 0.0222 * 

      

R-square 0.8189     

Adjiusted R-Square 0.7983     

Significance Notation 0 *** 0.001 ** 0.01 *   

                                                            Table 4. mlog BMC regression analysis results 

 

  Estimate Std.Error  t-value p-value Significance 

Independent variables      

AGE 0.703526 0.353856 1.988 0.05009  

MLA 0.562601 0.257839 2.182 0.03194 * 

MFV 0.386409 0.294846 1.311 0.19363  

REGION 2.177555 2.037288 1.069 0.28824  

AGE:MFV -0.072595 0.023381 -3.105 0.0026 ** 

AGE:MLA -0.076511 0.06779 -1.129 0.2623  

MFV:MLA -0.095928 0.045422 -2.112 0.03770 * 

AGE:REGION -0.460938 0.19508 -2.363 0.02048 * 

MFV:REGION -0.182858 0.141916 -1.288 0.20115  

MLA:REGION -0.331622 0.39962 -0.83 0.40901  

      

R-square 0.8407     

Adjiusted R-Square 0.8119     

Significance Notation 0 *** 0.001 ** 0.01 *   

                                                                 Table 5. mlog DMC regression analysis results 

 

                                  

 
 


