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Retrofitting of Brick Masonry Columns by Ferocementing KHAN SHAHZADA, BASHIR ALAM, MUHAMMAD JAVED, ZAIGHAM ALI, HASSAN KHAN, SYED SHAHAN ALI SHAH Department of Civil Engineering, University of Engineering & Technology Peshawar, Pakistan Email: [email protected], [email protected], [email protected] [email protected] Abstract: This project has been selected in the aftermath of devastation in the North Pakistan and Kashmir due to damaging Earthquake of October 8, 2005. Retrofitting of masonry columns has been made by using ferrocement. Two sizes of columns have been used. 9 in x 9 in Retrofitted columns gave strength 1.5 times more then the strength of unretrofitted 9 inch x 9 inch columns. While 13.5 inch x 13.5 inch Retrofitted columns gave strength 1.35 times more than the strength of unretrofitted columns. Which shows that the strength was recovered by the damaged columns infect the columns became more strong due to retrofitting. Columns showed ductile behavior during failure. Keywords: Masonry columns, Ferrocement, Retrofitting. 1. Introduction Brick masonry columns are very common in rural and urban areas of Pakistan. Many old masonry buildings, especially in earthquake prone regions without any provision for earthquake loading are a serious hazard. This makes brick masonry structures especially columns, unsafe and requires economical, safe and easy remedial measures. This study scrutinize the strengthening of unreinforced brick masonry columns with one layer of ferrocement, using same wire mesh with columns of different sizes and it was kept in mind that the conditions suit to the actual site conditions and not the laboratory conditions, so that’s why all the columns were casted in open air fully expose to the atmospheric conditions and the method of casting resemble to the general practice, it will make the process of retrofitting effective, economical and easy for application. In this research work effort has been made to evaluate the increase in compressive strength with application of ferrocement coating of commonly available wire mesh. 2. Scope and Limitations The study deals with the application of ferrocement coating using expanded metal wire mesh. The following parameters are kept constant in the study:  Ratio of mortar for brick masonry work equal to 1:4. (1 part cement ,4 parts sand)  Ferocemnet mortar ratio equal to 1:2 (1 part cement ,2parts sand)  Water cement ratio equal to 0.5  Size of brick masonry column equal to  9 in. x 9 in. x 30 in. (length, width, height)  13.5 in. x 13.5 in. x 30 in. (length, width, height)  Nine columns were casted of each size.



 



For each size, three were crushed and 3 were tested after ferrocement coating under axial load only. The three columns of each size were applied with a load which was 50% of the failure load of the completely crushed columns



3. Methodology The masonry columns were prepared under ordinary conditions having mix proportion of 1:4 (cement: sand). Ferrocement mortar ratio was equal to 1:2 (1 part cement, 2parts sand). Water cement ratio was kept constant as 0.8. The size of the masonry columns was kept as 9 in. x 9 in. x 30 in, and 13.5 in. x 13.5 in. x 30 in. There were nine columns of each size. All the specimens were moist cured and air dried in open air for 28 days before testing. Ferrocement was applied to the 6 columns of each size. The testing was carried out after 28 days of casting of specimens.



Fig. 1: Preparation and Curing of masonry Columns
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Fig.2: Preparation of masonry Columns 4. Test Results and Discussion 4.1. Test of unreinforced brick columns In case of plane brick columns, all the three columns of each size were tested for their compressive strength. These columns were tested by applying axial load through universal testing machine of 200 tons capacity. Vertical alignment was ensured to minimize any eccentricity. All three specimens’ sizes showed brittle failure. Major cracks were vertical, however, few horizontal cracks were also observed. The vertical cracks passed through the joints and bricks, while horizontal cracks were through joints only. The cracks widening and propagation was quite fast after their first appearance. Near failure, the specimen demonstrated out ward bulging on all four faces.



Fig. 4: 9 in x 9 in Column Failure pattern 13-1/2 in X 13-1/2 in COLUMNS The average failure load was calculated to be 28.43 tons. The crack initiation started at almost 35 % to 46 % of the failure load. Major cracks were vertical, however few horizontal cracks were also observed. The vertical cracks passed through bricks and joints however horizontal cracks passed through the joints only.



9 in X 9 in COLUMNS All the three columns exhibited almost identical behavior. The average failure load was calculated to be 16.6 tons. The crack initiation started at almost 75% to 85% of the failure load. Major cracks were vertical, however few horizontal cracks were also observed. The vertical cracks passed through bricks and joints however horizontal cracks passed through the joints only. The crack widening and propagation was quite fast after their first appearance. 50 % of the failure load has been calculated which was then applied to the brick column before retrofitting. Fig. 5: 13-1/2 in x 13-1/2 in Column after Testing Table 1: Failure load and 50 % of failure load of unretrofitted columns Specim Max 50% en Failure Average Average load Designa Load (Tons) (Tons) (Tons) tion (Tons) 17.4 8.52 9 in X 9 13.4 16.6 6.52 8.18 in 19 9.5 27.9 14 13-1/2 24.7 28.43 12.35 14.23 in X 131/2 in 32.7 16.35 Fig. 3: 9 in x 9 in Column Failure pattern International Journal of Advanced Structures and Geotechnical Engineering ISSN 2319-5347, Vol. 01, No. 02, October 2012, pp 50-54
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9 in X 9 in COLUMNS After adjusting the vertical alignment, the load was applied at a steady rate. The first crack was observed at 20 ton. After this first crack, more cracks appeared with regular interval of 2 to 3 ton. The specimen failed at an ultimate load of 27ton. Most of the cracks initiated from the top and bottom edges and were diagonal in shape. Near failure these cracks joined in the middle, however the crack growth was quite stable and widening rate was much slower as compared to plane brick column. This slow rate of crack growth can be attributed to wire mesh presence inside the encasement, which helped in arresting the cracks during their propagation process. Near failure, small chunks of plaster fell off the specimen, but no significant spalling was observed.



Fig. 6: Wrapping of mesh around column 3.1 Test of retrofitted brick columns In this case 6 brick masonry columns were covered with one layer of ferrocement wire mesh and covered with 5-10 mm plaster of 1:2 ratio. The axial load was applied at slow rate by the universal testing machine of 200 ton capacity. The capping of top and bottom surface was carried out with thin layer of mortar and vertical alignment was adjusted before applying the load. The observations of individual specimens are given as follows,



The confinement provided by ferrocement increased the failure load to 10 ton, which is approx 1.50 times more the failure load of plane brick column. This was a quite substantial increase in failure load. The specimen was intact and did not break in pieces like plane brick column. 13-1/2 in X 13-1/2 in COLUMNS The first crack was observed at 35.5 ton. The specimen failed at an ultimate load of 43.3 ton. The confinement provided by ferrocement increased the failure load to 15 ton, which is approx 1.3 times more than the failure load of plane brick column. The wire mesh inside was in good shape and cracks were not very wide.



Table 2: Failure load and 50 % of failure load of unretrofitted columns Specimen Designation



9 in X 9 in



13-1/2 in X 13-1/2 in



Max Failure Load (Tons) 26.2 23.5 30.5 27 28 27 43.3 45



Average (Tons)



27.04



43 40



STRENGHT (PSI) 711.6 638.3 828.4 733.3 760.5 733.3 522.7 543.2



COV%



8.11



519.1 43.34



482.9



42.4



511.8



46.3



558.9
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Fig. 7: Comparison of Retrofitted and Unretrofitted Columns 5.



Conclusions 6.  The application of the ferrocement coating on bare masonry columns enhances the compressive strength. Ferrocement specimens having one layer of wire mesh wrapped around showed an increase in failure load up to 60-70% as compared to controlled specimen of simple brick masonry columns.  The excessive mortar thickness applied to cover the bulging wire mesh leads to premature cracking and spalling near failure.  Premature failure can occur if the wire mesh is not wrapped properly and mortar does not penetrate into it fully.  The cracking resistance and stable crack growth mechanism of bare masonry columns is improved due to the provision of ferrocement coating.  The failure of brick masonry columns is very sudden and cracks widen rapidly after their formation leading to a brittle failure of the structure.  The ferrocemented columns were in one piece after failure unlike bare masonry columns.
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