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Abstract
A cement bag undergoes different storage and 

climatic conditions before its use in the construction 
site. A long storage-time of the cement causes 
adverse effects on its strength. Therefore, the 
variation of the strength of the cement with storage 
time is required to be investigated. This paper aims 
to study the strength variation of three randomly 
selected Nepalese Ordinary Portland Cements 
(OPCs) with increasing storage time. The 
appropriate age of the OPCs for general concrete 
works is determined experimentally. A series of 
mortar cubes made of the OPCs of different ages 
were tested under a compressive load. The 3-day, 7-
day and 28-day compressive strengths of the mortar 
cubes weretested using a universal testing machine. 
Based on the test results, strength development of 
different cements and strength loss with increasing 
storage time were scrutinized. The obtained results 
were compared with recommendations from Nepal 
Standard (NS). It was revealed that all the 
investigated OPCs satisfied the minimum strength 
requirements from NS. However, a variation in the 
strength loss was exhibited by the cements. The 
examined cements showed an average strength loss 
of 17.71% (in the range of 16.28% to 18.91%) in 14 
weeks. All of the investigated cements are suitable 
for the normal concrete construction works within 14 
weeks after being manufactured. 
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I. INTRODUCTION

Nepal is an underdeveloped country with a poor 
road network. As a result, delivery of the cement 
from the manufacturing factory to the site takes a 
long time ranging from days to months. During 
transportation of the cement, a cement bag has to 
undergo different storage and climatic conditions, 
which affects its strength. 

Cement is the major binding material in the 
concrete works [1]. The strength and durability of 
the concrete mainly depends on the quality of the 
cement, which is significantly affected by the storage 
and age of the cement [2].  Therefore, it is very 
important to establish the relationship between 
strength performance of cement with its storage 
time.

A total of 48 cement manufacturing plants are 
currently operating in Nepal [3]. Depending upon the 
manufacturer, there can a little variation in the 
chemical composition of the cement leading to 
variation in the strength. In this study, 3 random 
brands of Nepalese OPCs were selected to 
investigate the effects of storage on strength of the 
tested cements. The identities of the selected brands 
are concealed to preclude the probable conflicts. 

This study aims to quantify the variation of 
compressive strength of Nepalese OPC due to the 
storage time. The obtained strength variation is 
compared with the guidelines from Nepal Standard 
(NS 049) [4]. Based on the comparison with the 
standard, recommendations to select the appropriate 
cement are made. Furthermore, the findings of this 
study are helpful to the project manager and 
engineers to adopt suitable planning and schedule for 
better management of the construction material for 
the completion of project on time. 
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A series of cubes of Nepalese OPCs of different 
ages were tested under a compressive load using a 
universal testing machine [5]. The strength 
development, and strength loss of the cement with 
storage time were investigated. The experimental 
results were compared with the guidelines from 
standards. Based on the obtained results, 
recommendations to select the cement for 
construction works are made. 

II. MATERIALS AND METHODOLOGY

In this study, among many Nepalese cements, 
three OPCs were selected randomly. The sample 
were named Cement A, Cement M and Cement S. 
All the selected cement sample were declared to be 
satisfying the minimum quality requirement of Nepal 
Standard (NS049) [4]. 

A standard sand as specified by IS 650 [6] was 
used in this research. The compressive strength of 
the cement was determined by following the IS 
4031:1988; part 6 [7]. 

The cement bags were stored in a standard 
condition as specified by IS 4082: 1996 [8]. The 
cement storage space was maintained to be dry, leak-
proof and moisture resistant by stacking the cement 
bags on a wooden table with a clear height of 200 
mm from the floor. The stack of the cement bags was 
600 mm away from the wall. Furthermore, similar to 
the standard site storage, the cement bags were 
covered with polythene sheets without air tightening. 
The sand was stored on a hard, dry and level surface 
in the laboratory.

The optimum amount of water for the paste was 
determined based on the consistency test of the 
cement using a Vicat apparatus. The consistency test 
was carried out by following the IS 4031: 1998 [9], 
which defines the standard consistency of a cement 
as the consistency which permits a Vicat Plunger 
having 10 mm diameter and 50 mm length to 
penetrate to a depth of 33-35mm from the top 
surface of the mold. 

In order to investigate the compressive strength 
of Nepalese OPC, a series of mortar cubes of length 
70.6 mm were tested under a compressive load as 
per IS 4031:1988 [7]. Bended mortar mixes were 
prepared using cement and standard sand adopting a 
proportion of 1: 3 by weight (1800gm cement and 
5400gm standard sand). As recommended by IS 
4031: 1988 [7], the amount of water used in the 
mortar (W) was obtained by using Equation 1. 

W = (P/4+3) % (1)
Where, P is the percentage of water required for 
preparing the paste of standard consistency. 

The prepared cubes were cured in the moist 
curing chamber with mold for 24 hours at normal 
room temperature (20±2ºC) and relative humidity of 
90% for 24 hours. After 24 hours the cubes were 
molds were removed and the cube samples were 
cured in water curing tank having a temperature of 
27±2ºC. The cubes were taken out of the water 
curing tank and dried just before the test. 

The compressive strength of the cubes casted 
with the random brands of Nepalese OPC was tested 
at 3-day, 7-day and 28-day from the casting. A 
universal testing machine was used to apply the 
compressive load on the cubes. 

III. RESULTS AND DISCUSSION

A. Consistency Test of Cements

Prior to carrying out the compressive strength test 
of the cement, the standard consistency test was 
carried out to determine an optimum amount of the 
water to hydrate the cement paste. The summary of 
the test is presented in Table 1. Based on the 
consistency test, the normal consistency of the 
selected cement sample ranged between 28.50% to 
34.50%. Cement M exhibited the maximum normal 
consistency of 31.50%. The normal consistency of 
Cement A and Cement S were found to be 28.50% 
and 30.00%, respectively. 

Table 1 Summary of normal consistency test

Cement 
Brand Type Normal 

Consistency
Cement A OPC 28.50%
Cement M OPC 31.50%
Cement S OPC 30.00%

B. Compressive Strength Test 
The compressive strength of the cement paste 

was tested at 3, 7 and 28 days after casting of the 
cubes. It is worth mentioning that the cements used 
in Lot 1, Lot 2 and Lot 3 represent 2 weeks, 8 weeks 
and 14 weeks old cement, respectively. The obtained 
compressive strength of the cement at 3-day, 7-day 
and 28-day of each lot is presented in Fig. 1, Fig 2 
and Fig. 3, respectively. A slight variation in the 
compressive strength of cement was observed. In 
each lot, the compressive strength of Cement A was 
found to be maximum. On the other hand, Cement S 
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exhibited the minimum compressive strength in all 
the lots. This deviation in the compressive strength 
of the cements was expected due a slight variation in 
the chemical composition of the cement depending 
on the manufacturer. 

With the increasing age of the cement, a 
degradation in its compressive strength was found 
(see Figs. 1-3).  As expected, the cements possessed 
the maximum compressive strength in Lot 1 
followed by Lot 2 and Lot 3, respectively.  

Fig. 1 Compressive strength of the cements at 3-day 

Fig.2 Compressive strength of the cements at 7-day 

Fig.3 Compressive strength of the cements at 28-day 

C. Strength Development 

The strength development of all the investigated 
brands of the cements in different lots is presented in 
Fig. 4-6. Comparatively, a rapid strength 
development was exhibited till 7 day. After 7-day, 
the gradient of strength development was lowered. A 
similar trend of strength gain was shown by all the 
brands. It is worth noting that all the cements 
satisfied the strength gain criteria of NS 049 [4] and 
IS 269 G-33 (IS G-33) [10].

The rate of strength gain during the first week 
was not altered significantly among the different lots 
(see Fig 4 to 6). However, after 7-day, with the 
increasing age of the cement, the rate of strength 
gain was found to be lowered. This behavior of the 
investigated cements can be identified with the non-
parallel strength gain curves after 7-day. 

The rate of strength development of each cement 
was compared with the standard strength 
development rate of NS 049 [4] and IS 269 G-
33[11]. Among the tested cements, Cement A 
showed highest offset from the standard curve 
followed by Cement M and Cement S (see Fig. 4 – 
6.)

Fig. 4 Strength Development of Cement A in 
different lots

Fig. 5 Strength Development of Cement M in 
different lots
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Fig. 6 Strength Development of Cement S in 
different lots

D. Strength Loss 

The strength loss of all the tested cements after 
14 weeks is presented in Table 2. An average 
strength loss of 17.71% was exhibited by the 
cements within the range of 16.28 to 18.91%. 
Cement A showed the maximum compressive 
strength loss of 18.91%. Similarly, the strength loss 
of Cement M and Cement S were 17.92% and 
16.28%, respectively. 

It was observed that a cement with higher the 
compressive strength had the higher tendency to lose 
the compressive strength with increasing age. 
Among all the cement, Cement A has the maximum 
compressive strength at all the ages (see Figs 1-3). 
And, Cement exhibited the maximum strength loss 
among other cements. The same trend was followed 
by Cement M and Cement S. 

Table 2 Summary of the total strength loss in 14 
weeks

Cement Compressive strength loss in 14 
weeks 

Cement A -18.91%

Cement M -17.92%

Cement S -16.28%

Average 
loss -17.71%

Despite having an average compressive strength 
loss of 17.71% in 14 weeks, the minimum 
compressive strength requirement from Nepal 
Standard [4] is satisfied by all the cements. 
Therefore, the investigated cements are found to be 
suitable for general concrete works within 14 weeks. 
However, Nepal being located in a high seismic zone 
[10], a special attention is required to be paid to the 
construction quality. Therefore, it is recommended to 
use the cement in site as early as possible after being 
manufactured. 

IV. CONCLUSIONS

In this paper, strength loss of Nepalese OPC with 
increasing age was investigated experimentally. The 
strength loss of three randomly selected Nepalese 
cements was determined by a series of compressive 
strength test of the standard mortar cubes. Based on 
experimental results, it was concluded that all the 
selected cements brands satisfied minimum strength 
criteria of Nepal Standard. Depending on the cement 
brand, strength development and strength loss with 
storage time varies. An average strength loss of 
17.71% was exhibited by the investigated cement. 
Based on the test results, all the cements are 
appropriate for general concrete works within 14 
weeks. 
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