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Abstract: - When a building is affected by fire, it is generally repaired rather than demolished. This paper presents 

case study on condition assessment and structural audit of fire affected auditorium of Kingsway Hospital. In this 

research, a laboratory assessment of fire damaged reinforced concrete elements was carried out by using non-

destructive tests. It aimed to evaluate the depth of fire damaged concrete in R.C. elements exposed to 2 hours of fire 

based on the results of NDT methods. The results obtained showed that the compressive strength of structural 

elements was decreased due to the fire. Nondestructive testing is found to be reliable for quick assessment of strength 

on fire affected concrete. 
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I. INTRODUCTION 
Although the concrete structure may get damaged during a fire, it can retain a certain amount of residual load bearing 

capacity. It becomes necessary to investigate the damaged caused by fire and also evaluate the strength of damaged 

structure and to determine whether the fire damaged structure can be repaired.  

                         Over many years, number of techniques were used to determine the condition of concrete and 

structure’s internal changes. One of the techniques, non-destructive tests like ultra-sonic pulse velocity test and 

rebound hammer tests are used.  

 

 

II.CASE STUDY 

A newly constructed Kingsway Hospital situated near Kasturchand Park was exposed to serious fire in year 2019 

which resulted in loss of property. The hospital is a RCC frame structure. The fire erupted in 3rd floor of the building 

where auditorium is situated and expanded to the 4th floor. Fig.1 represents the plan of auditorium of Kingsway 

Hospital. In order to determine the damage caused, condition assessment and structural audit was carried out on 

beams, columns, slab and shear walls. This assessment consisted of non-destructive tests method to evaluate the 

condition of RC elements.  The fire was exposed for upto 2 hours with temperature of about 75℃. It was observed 

that the beams were in sagging condition and steel showed some defects. 
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Fig. 1. Plan of auditorium 

III.TESTING METHODS 

The elevated temperature damages the strength and condition of concrete. The compressive strength of concrete is an 

important mechanical property to determine the structural strength of concrete. Rebound hammer and ultra-sonic 

pulse velocity both predict the compressive strength.  

 

1. Ultra-sonic pulse velocity :   

Ultra-Sonic Pulse Velocity method is used for quality control and inspection of concrete. It is used to measure 

velocity, transite time, cavities, cracks and deterioration for determine the quality of concrete. It is also used to 

determine compressive strength of concrete. This method consist of measuring the time of travel of an Ultra sonic 

pulse passing through the concrete being tested. Higher is the velocity of travel higher is the concrete quality. The 

velocity of these pulses depends upon the density and elastic properties of the material. The quality of some materials 

is sometimes related to their elastic stiffness so that measurement of ultrasonic pulse velocity in such material can 

often be used to indicate their quality as well as to determine their elastic properties. [1][2][3][4] 

 

The pulse velocity is determined by the equation: - 

𝑃𝑈𝐿𝑆𝐸 𝑉𝐸𝐿𝑂𝐶𝐼𝑇𝑌 =
𝑃𝐴𝑇𝐻 𝐿𝐸𝑁𝐺𝑇𝐻

𝑇𝑅𝐴𝑁𝑆𝐼𝑇 𝑇𝐼𝑀𝐸
 

 

The instrument indicates the time taken for the earliest part of the pulse to reach the receiving transducer measured 

from the time it leaves from a suitable point on the surface of the material. 



International Journal of Emerging Trends in Engineering and Basic Sciences (IJEEBS) 
ISSN (Online) 2349-6967 

Volume 7, Special Issue 4 (July-August 2020), PP. 054-060 

                                                                                www.ijeebs.com                                                          56 | Page 

As per IS 13311 (Part I) 1992[4] 

                                      Table no. 1. Velocity criterion for concrete quality grading 

 

 

 

 

 

There are two different types of method in Ultra sonic pulse velocity method:  

 Direct method: In Direct method, Transmitting and Receiving Transducers are kept on its opposite faces. The 

readings are taken by putting transmitter and receiving transducer on opposite faces in case of direct method. 

Indirect method:  In Indirect method, the receiving and transmitting Transducers are kept on same face with 

different interval.  

Note: - Readings of semi direct & indirect methods are less than direct method generally by 1km/sec.   

Pulses are not transmitted through large air voids in a material and if such a void lies directly in the pulse path, the 

instrument will indicate the time taken by the pulse, which followed quickest route. It is thus possible to detect large 

voids when grid of pulse velocity measurement is made over a region in which voids are located. 

The pulse velocity method of testing may be applied to the testing of plain, reinforced and pre-stressed concrete 

whether it is pre-cast or cast in-situ. The measurement of pulse velocity may be used to determine. 

a. The homogeneity of the concrete. 

b. The presence of void, cracks or other 

imperfections. 

c. Changes in the concrete, which may occur with 

time or through the action of fire, frost or chemical attack. 

d. The quality of concrete in relation to specified 

standard requirement, which generally refer to its strength. 

Homogeneity of the concrete: 

Measurement of pulse velocities at points on regular grid on the surface of a concrete structure provides a reliable 

method of assessing the homogeneity of the concrete. The size of the grid chosen will depend on the size of the 

structure and the amount of variability encountered. 

Detection of defects: 

When an ultrasonic pulse traveling through concrete meets a concrete air interface, there is a negligible transmission 

of energy across this interface so that any air- filled crack or void lying directly between the transducers will obstruct 

the direct beam of ultrasound when the void has a projected area larger than the area of the transducer faces. The first 

pulse to arrive at the receiving transducer will have been diffracted around the periphery of the defect and the transit 

time will be longer than in similar concrete with no defect. 

Detection of large voids or cavities: 

PULSE VELOCITY 
 (Km/second) 

CONCRETE QUALITY 
(Grading) 

Above 4.5 Excellent 

3.5-4.5 Good 

3.0-3.5 Medium  

Below 3.0 Doubtful  
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A large cavity may be detected by measuring the transit times of pulses passing between the transducer when they are 

placed in suitable positions so that the cavity lies in the direct path between them. The size and position of such 

cavities may be estimated by assuming that the pulses pass along the shortest path between the transducers and 

around the cavity. Such estimates are more reliable if the cavity has a well-defined boundary surrounded by 

uniformly dense concrete.  If the projected area of the cavity is smaller than the diameter of the transducer, the cavity 

cannot be detected. 

 

Estimating the depth of surface cracks: 

An estimate of the depth of a crack visible at the surface can be obtained by measuring the transit across the crack for 

two different arrangements of the transducer placed on the surface. A check may be made to assess whether the crack 

is lying in a plane perpendicular to the surface by placing both the transducers near to the crack and moving one of 

them. It is important that the distance be measured accurately and that very good coupling is developed between the 

transducers and the concrete surface. However, this method is valid only if the crack is not filled with water. 

Monitoring changes in concrete with time: 

Changes occurring in the structure of concrete with time caused by either hydration (which increases strength) or by 

an aggressive environment, such as frost, or sulphates, may be determined by repeated measurements of pulse 

velocity at different times. Changes in pulse velocity are indicative of changes in strength and their measurement can 

be made over progressive periods of time on the same test piece or concrete product. 

 

(a) 
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(b) 

Fig. 3 (a & b) Performance of ultra-sonic pulse velocity test at site 

 

2. Rebound hammer tests  

For testing concrete device has been developed on rebound principled which measure rebound height of diamond 

hammer. To perform the test plunger is extended from the body of instrument, which causes a latch mechanism to 

grab hold of hammer. The body of instrument is then pushed towards the Concrete surface. The combination of 

gravity and spring forces, propel the hammer. The rebound distance is measured on a scale by the slide indicator. The 

rebound distance is expressed as a rebound numbers, which is percentage of the initial extension of the spring. 

[1][2][3][5] 

 

Fig. 2. Rebound hammer mechanism 

        Fig.3. Performance of rebound hammer test at site 
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IV.RESULTS 

 

After performing both the tests, following results were obtained-  

 

 

Table No. 1. Ultrasonic pulse velocity test results 

Sr No. Average Value of U.P.V. Km/sec Description 

1 1-2 Beam No: B1, B2, A2,  

Beam beside beam B2, Beam beside 

beam C2 

Slab beside B2 
Column No (without plaster): C1, C2, 

C3, C5, C6, C7, C8, C9,  

Column No (with plaster): C4 

SW1 (with plaster) 

Column No.: C10, C12 

2 2-3 Beam No.: A2, B2, C1, C2 

Beam beside beam B1, Beam beside 

beam C2 

Column No.: C1, C2, C3, C4, C8, C9 

3 3-4 Beam No.: B1, A1, C2 

Beam beside beam no. B2, Beam beside 

beam No. C2 

Column No.: C7, C9, C10, C22 

 

Table no. 2 Rebound hammer test results 

Sr No. Average Rebound Number Particulars 

1 < 35 Beam No.: B1, A1, B2, A2 

Beam Beside B1, B2 

Slab Beside B2 
Beam beside beam C2 

Column No. (without plaster): C1, 

C2, C5 

Column No. (with plaster): C4, C10 

SW1 (with plaster) 

Column C13 

2 35-45 Beam No.: B1, B2, C2 

Beam beside B2 

Beam beside beam C2 

Column No.(without plaster): C3, 

C6, C7, C8, C9 

Column No.: C1, C2, C3, C4, C6, 
C7, C8, C10, C11, C12, C15 

3 Above 45 Beam No.: B1 
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Column No.: C9 

 

 

V.CONCLUSION 

As per the Non Destructive tests carried out, it is observed that the ultrasonic pulse velocity results with indirect & 

direct methods indicate maximum readings are between 1.42 km/sec to 3.75 km/sec.  The quality of concrete is 

doubtful and medium at maximum locations. At few locations near the fire ultrasonic pulse velocity readings are 

below 2.5 Km/sec which indicates presence of honeycombing and micro cracks inside the concrete. Ultrasonic pulse 

velocity readings indicates structural damage at few locations because of fire. As per rebound hammer test, the 

readings obtained were in the range of 18 to 54. It is recommended to repair & retrofit R.C.C. structure.  Hence, the 

results of this case study shows that the ultra-sonic pulse velocity and rebound hammer are reliable tests to determine 

the residual strength of fire affected structural elements.  
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