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Excessive deflections of slabs and beams were observed in an office building of a sugar factory 
in western Maharashtra. The problems was analysed and it was found that the beams and slabs 
were underdesigned. The paper presents a detailed scheme of repairs that was carried out by the 
authors. 

An office building of a sugar factory in western Maharshtra is about 30 years old. The building is a 
composite structure; outer walls are load bearing stone masonry and internal framing is of 
reinforced concrete (RC) beams, columns and slabs. Originally, central portion of size 23m X 6m 
was kept open providing double headroom for the ground floor, Fig 1. After about 10 years use, It 
was decided to cover this opening with slab. Entirely new set of foundations, columns, beams and 
slabs were cast in this opening, with a clear gap of about 5mm between the old and new 
structures. 

Problem 

During the 10 year service period, slabs and 
beams in the central portion sagged 
substantially exceeding the limits of 
serviceability. Sag in slab at mid-span was 
about 50mm, and for beam it was about 40mm. 
Though this was not a case of structral failure, 
the structure looked unhealthy due to excessive 
sagging. This could be seen in Fig 2. 

Also micro-cracking along the length of beam 
was observed in top fibres of beams. 

  

 

Analysis of problem 

Calculations were made to assess the stiffness, which is the governing parameter for the 
deflection of structural members, that is, beams and slabs, with their existing sizes. It was found 
that beams and slabs were under designed. Columns and foundations were, however, found 
satisfactory. Detailed calculations regarding this are given in Appendix A. 



 

 

 

 

Scheme of repairs 

After considering various alternatives, it was finally decided to increase the sectional modulii of 
beams and slab, that is increase the section of beams and thickness of slab. The detailed 
scheme is as follows. 

Repairs of beam 

Telescopic steel props were erected at midspan of each slab. The props were tightened with jack 
in such a manner that the slab is not damaged. This reduced the loading on beams to some 
extent. Also the tiles and bed mortar on slab were removed before starting the repairs of beams. 

Existing plaster of beam was chipped off. Extra reinforcement was provided at the bottom of 
beams which was inserted in supporting columns. 

 

  



 

 

For this purpose, holes of appropriate diameter were drilled in columns and then bars were 
inserted. The gap between bars and surrounding holes was filled with epoxy grout which ensures 
the bond. 

An expanded wire mesh was fixed and anchored on there sides of the beam , fig 3. Epoxy bond 
coat was applied. While this bond coat was still fresh, polymer modified mortar was applied to 
achieve required thickness. Figs 4 and 5. Bond coat will ensure the bond between old concrete 
and polymer-modified mortar. The required thickness on all three sides was achieved with 
repeated application of polymer mortar (2 to 3 applications). The mortar was cured with water for 
3 days and thereafter it was allowed to cure in air. The sag in the beam was not removed, but 
while repairing the beam bottom, appropriate level was undeflected after repairs. 

  

  

 



 

Repairs of slab 

Repairs of slab were started after repairs of beam were completed. It was decided to cast 
structural concrete with reinforcement on top of existing slab and make composite construction of 
old and new slab in order to provide extra depths to slab and beams. All loose material on the 
slab surface was removed. Holes of 12mm diameter and 50mm depth were drilled into the slab at 
an interval of 500mm × 500mm. Steel bolts of 10mm diameter and 100mm length were inserted 
in these holes leaving 50mm bolt above the old concrete surface. The gap between the shaft of 
bolt and surrounding hole was filled with epoxy grout, Figs 6 and 7. Extra 8mm diameter 
reinforcement was provided over the supports, because old reinforcement at supports is now 
neutral axis of composite section. Epoxy bond coat was applied on the old concrete surface and 
while this coat is still touch-dry, M20 grade concrete was poured, to a thickness of 75mm. The 
shear connectors were 50mm deep in old concrete and remaining length was embedded new 
concrete. Shear connectors along with epoxy bond coat helped not only in ensuring the bond but 
also in preventing the lateral 'slip' between the top and bottom concretes. Effectively, slab would 
behave uniformly under any type of loading and the newly achieved depth will check the 
deflection. ( It will, however not reduce the original sag of the slab. ) 

 

 

 



 

The top layer of concrete was mixed with colour and trowelled to have a smooth tile-like finish. 
Tiles were therefore not required. 

Thus, the overall dead weight was reduced. Again, the newly cast concrete imparted structural 
strength to the slab. After curing of slab and beams upto 28 days, props were removed. 

The clear gap between old structures and central portion was grouted with epoxy resin Epoxy 
resin was also injected in cracks along top of beams. 

Appendix A : Design calculations to check original sections 

Flexural calculation : 

Span of slab = 4.0 m (one way slab) 
Clear span of beam = 5.2m 
Effective span of beam = 5.5 m 

Loading of slab : 

Dead load = 0.24 t/m2  (100-mm thick) 
Live load   = 0.30 t/m2   office floor loading 
Finishes   = 0.08 t/m2 

                  -------------- 
Total        = 0.62 t/m2  

Loading on the beam : 

Self wt = 0.20 t/m 
Load from slab (Equivalent udl of trap load) = 1.5 t/m 
Total load on beam = 1.7 t/m 
Assuming partial fixity of columns, 

Max B.M. =  
 

 

 

 



 

 =  

=   5.14 tm 

Ultimate B.M = 5.14 x 1.5 = 7.7 tm 

Geometry of original section: 

Width b = 250 mm (Rectangular section considered) 

Depth D = 380 mm effective depth Def = 350 mm 

Reinforcement was found to be 4 Ø 14 

Area if steel Ast = 615 mm2  

Depth of 
N.A = 

 

                   
= 

 

  

Moment of resistance M.R. = 0.87 x fy x Ast x (d – 0.42 x Xu) 

                                        = 0.87 x 250 x 615 x (350 – 0.42 x 99) 

                                        = 4.13 tm < 7.7 tm 

Hence the original section is inadequate. 

Provide a new section : 

Area of old steel = 615 mm2 

Area of new steel = 452 mm2 (3 tor 12 + 1 tor 12 to account for expanded wire brush) 
Compressive force in concrete C = 0.36 x fck x b x Xu 
Tensile force in old steel T1 = 0.87 x fy1 x Ast1 
Tensile force in new steel T2 = 0.87 x fy2 x Ast2 

  

 

 



 

 

 

 

 



 

Equating total compression and tension, 

0.36 x fck x b x Xu = 0.87 (fy1 x Ast1 + fy2 x Ast2) 
                         Xu = 165 mm 

M.R offered by compression zone of concrete, 

Mc = 0.36 x fck x Xu x 250 x (0.58 x 165) 
     = 2.1 tm 

M.R offered by old steel, 

M1 = 0.87 x 250 x Xu x 615 x (430 - 165) 
     = 3.54 tm 

M.R offered by new steel, 

M2 = 0.87 x 415 x 452 x (530 - 165) 
     = 6.0 tm 

Total M.R. of new section = 11.64 tm > 7.7 tm 

Hence new section is adequate. It should be noted here that polymer mortar alongwith expanded 
wire mesh forms and acts like ferrocrete trough, has additional flexural capacities. This effect is 
not taken into account here. 

Check for deflection : 

Moment of inertia (M.I.) of old section (Considering T beam) 

A1 = 150,000 mm2 

A2 = 70,000 mm2 

Taking moment @ bottom fibre, 

X = 296.5 mm 
MI = 2.3 x 109 mm 
Deflection = 39 mm 

Moment of inertia of new section 

A1 = 262,500 mm2 

A2 = 112,500 mm2 

x  = 380 mm 

M.I. = 11.4 mm which is within limit. 

( Source ICJ January 1995, Vol. 69, No. 1, pp. 47-50 ) 


