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Introduction 

Concrete is a well-known construction material. The main components of concrete are cement, aggregate, chemical admixtures and water. Concrete used to construct structures for the storage of liquids where the exposure conditions for concrete are very specific are called concrete for water retaining structures. Though there are several specified standards that are currently being used, the British standards (1987) BS 8007, is the most popular standard followed in Sri Lanka. Concrete for all water retaining structures should be grade 35A and possess a characteristic strength of 35 N/mm2. In order to construct durable and high quality concrete components, the transportation, placing and compacting of fresh concrete should be carried out with care. (Sabri, 2019). The aim of this this study is to analysis the quality of concrete that is used for water retaining structures.
Methodology

The focus of this study is the recently completed water supply project in Monaragala.  Both fresh and hardened concrete samples were used in this study. The concrete samples and cubes were collected from Okkampitiya, Buttala, Kumbukkana and Horambuwa construction sites and the tests were carried out at laboratories and results were recorded. 41 fresh and hardened concrete samples were collected from above construction sites. All tests on concrete were done in accordance with BS 1881 -Testing concrete of British Standard Institute at the project laboratory. The tested results were statistically analysed using Xbar quality control charts. The developed Xbar charts for the quality parameters of concrete included:  unit weight, seven day and twenty eight day concrete compressive strengths, strength gain, slump and temperature. The Minitab 16 statistical software was used for statistical analysis. To construct an X bar chart manually, first the centre line of the chart was constructed. To do this, multiple concrete samples were taken and the mean was estimated. Each sample has its own mean. The centre line of the chart was computed as the mean of all k sample means, where k is the number of samples. Equation 1 was used to estimate the centre line.
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Equation 2 and 3 were used to estimate the upper and lower control limits of the X bar chart.
Upper control limit (UCL) =[image: image4.png]X+Zo



                             (2)

Lower control limit (LCL) =[image: image6.png]


                                 (3)

In which
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      - The average of the sample means

 Z      - Standard normal variable 
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       - Standard deviation of the distribution of sample means

The results were compared with the specifications for civil engineering work for Monaragala –Buttala Integrated Water supply Project of National Water Supply and Drainage Board (NWSDB) (2011) and mix designs of concrete. Based on the analysis of this study, the conclusions of this study were drawn. 

RESULTS AND DISCUSSION

The mean mass density of 28 day concrete is 2420.6Kg/m3, the upper control limit (UCL) is 2509.4 Kg/m3 and the lower control limit (LCL) is 2331.8Kg/m3. The random variation in the mass density of sample were observed but all the samples were within the control limits as distributed in the Figure 1. As per the mix design the mean mass density of 28 day concrete is to be 2440.2 Kg/m3 but the average of tested sample was 2420.6 Kg/m3. The slight deviation of only 0.8 % of reductions of mass density was observed when compared to the mix design of concrete used in this study.
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Figure 1: The Xbar chart of mass density of 28 day concrete in Kg/m3
The mean 7 day concrete compressive strength is 33.35 N/mm2, the UCL is 38.17 N/mm2, and LCL is 28.53 N/mm2. The random variations in the 7 day concrete compressive strength were observed but all the samples were within the control limits as shown in the Figure 2. The average 7 day compressive strength of the concrete samples were achieved the 95.3% of required compressive strength on 7 day.
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 Figure 2: The Xbar Chart of 7 day Concrete Compressive Strength in N/mm2

The mean 28 day concrete compressive strength is 42.75 N/mm2, the UCL is 51.29 N/mm2, and LCL is 34.20 N/mm2. The random variations in the 28 day concrete compressive strength were observed but all the samples were within the control limits as shown in the Figure 3. All the 41 numbers of sample achieved the required compressive strength specified by the Monaragala –Buttala Integrated Water supply Project of National Water Supply and Drainage Board (NWSDB) (2011).  The specification requirement of the 28 day compressive strength was 35 N/mm2.  The mean strength gain of concrete from seven day to twenty eight day is 9.40 N/mm2, UCL is located at 17.89 N/mm2, and LCL is 0.9 N/mm2. The random variations in the strength gain of concrete from seven day to twenty eight day were observed in the X bar chart shown in the Figure 4. All the samples were observed within the control limits.
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Figure 3: The Xbar Chart of 28 day Concrete Compressive Strength in N/mm2
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Figure 4: The Xbar Chart of Strength Gain of Concrete in N/mm2
The mean slump of concrete at site is 176.2 mm, UCL is located at 223.1 mm and LCL is located at 129.3 mm. The random variations in the slump of concrete at site were observed but the all samples were within the control limits as shown in the Figure 5. All the 41 numbers of sample were distributed within rang which was designed in the mix design and defined ranged in the specifications for civil engineering NWSDB.
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Figure 5: The Xbar Chart for Slump of concrete at site in mm
CONCLUSIONS AND RECOMMENDATIONS
When compared to the mix design, there was only a 0.8 % reduction in the unit weight. 95.3% of required strength was obtained on the 7th day. The variations of slump were observed within the control limits and specified limits in the mix design. The average compressive strength gained from the 7th day to the 28th day was 9.4 N/mm2. According to the specifications of civil engineering works of NWSDB and X bar quality control chart analysis, the concrete used for water retaining structure of this study were achieved in acceptable quality. This study highlights the importance of using statistical quality control techniques such as X bar chart at site level to ensure the quality of concrete for large projects in Sri Lanka.  
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