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Abstract— Damage assessment of structures is one of the 

most important and emerging fields in Civil Engineering. 

Damage to structures may occur as a result of normal 

operations, accidents, deterioration or severe natural events 

such as earthquakes and storms. Most often the extent and 

location of damage may be determined through visual 

inspection. However, in some cases this may not be feasible. 

Non-destructive testing is conducted on the main structural 

and relatively more affected column and beam members in 

various buildings. In the present work, Condition 

Assessment of the Reinforced Concrete (RC) buildings is 

carried out with special reference for the further usage of the 

structures. Non-Destructive Tests (NDT) like Rebound 

Hammer and Ultrasonic Pulse Velocity Tests are used to 

carry out insitu evaluation and condition assessment. The 

report analyzes the deficiencies in the construction of a 

multi-storied reinforced concrete framed building and 

onshore cum offshore structure. NDT are conducted to 

assess the real strength gained by the RC elements like 

columns, beams and slabs. The test results show that there is 

a considerable effect of exposure to sea environment on 

durability of the RC buildings and the rebound number 

method is more efficient in predicting the strength of 

concrete under certain conditions. A combined method for 

the Rebound Hammer and UPV tests reveals an 

improvement in the concrete strength estimation. In 

addition, the structural analysis is performed using STAAD 

PRO v8i or ETABS software for evaluating the design of 

constructed components of the building and analysis results 

concluded that the structure requires immediate attention of 

strengthening the existing RC columns by adopting suitable 

rehabilitation techniques. 
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I. INTRODUCTION 

Most of the Reinforced Concrete (RC) structures which are 

in service, around the world are aging and deteriorating due 

to harsh environmental exposure conditions and are 

damaged by natural  earthquakes, hydrologic forces, etc. or 

man-made collisions, fire, road, etc. Consequently, the 

structural capacity of an existing structure is typically less 

than the structural capacity of just-built structure. Even if 

the deterioration does not lead to the direct failure of a 

structure, it may weaken the structure, making it more 

vulnerable to earthquakes and other hazards. The 

conventional design framework for concrete structures is 

primarily based on safety and currently focused on the 

aspects of durability. It is obvious that environment aspects 

should also be incorporated into the design of concrete 

structures. Most of the existing design codes do not provide 

tools with the exception of the environment impacts. 

The Non Destructive Test (NDT) of concrete in 

today’s scenario has received a great importance in terms of 

practical and engineering value. The subject has received a 

growing attention during recent years, especially the quality 

characterization of damaged structure made of concrete 

using NDT testing. Based on the rate of deterioration, the 

structure is adapted to repair, rehabilitation and renovation. 

Non Destructive Evaluation (NDE) of concrete are well 

known and extensively used. It is important to select the 

appropriate NDE techniques. The main advantage of NDT 

method is to avoid the concrete damage or the performance 

of building structural components. Additionally, their usage 

is simple and quick. A single technique may not be 

sufficient, therefore combination of techniques are adopted 

to get a truly representative data of the condition of the 

structure. Commonly used NDE methods are Rebound 

Hammer Test, Ultra Sonic Pulse Velocity (UPV) Test, 

chloride test and carbonation test 

In the present work, the structures are analyzed in 

STAAD Pro V8i for knowing the critical column and 

beams, later NDT tests are conducted on the critical 

members. After incorporating NDT data in STAAD Pro we 

can observe whether members of the structure are critical or 

not. There by, providing necessary remedial measures for 

the members which are critical. 

II. EXPERIMENTAL STUDY 

In the present study, two different structures are considered. 

Structure slightly away from the coastal environment and 

other structure exposed to aggressive marine environment 

respectively to study the deterioration effect. 

1) Methodology includes identifying the building 

/structure exposed to aggressive marine environment. 

2) Identifying various Non-Destructive Test Methods to be 

carried out on the structure/building. 

3) Identification of the possible causes leading to the 

damage of the structure. 

4) Assessing the amount of damage caused and to 

determine its suitability for future use. 

5) Analysis and Design of structures are performed in 

STAAD Pro V8i. 

a) For Gravity Loads 

b) For Lateral Loads 

6) Drawings and Detailing are done in AUTOCAD 

A. Rebound Hammer Test: 

This test is conducted using N type Schmidt hammers for 

concrete as per IS 13311 part II. The interpretation of 

rebound hammer results is carried out based on the guide 

lines given in BS: 188-6089 since IS 13311 part II remains 

silent in this aspect. 
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Average Rebound Number Quality Of Concrete Surface 

> 40 Very good hard layer 

30 to 40 Good layer 

20 to 30 Fair 

< 20 Poor concrete 

0 Delaminated 

Table 3.1: Rebound Number v/s Quality of concrete surface 

B. Ultra Sonic Pulse Velocity: 

UPV testing is a wave propagation test. It transmits electro 

acoustic pulses through the concrete medium from one side, 

receiving the signal from other side and measuring the 

transit time. The path length between the transmitting and 

receiving point is measured and the pulses velocity is 

calculated by dividing the path length by the transit time. 

Pulse velocity is influenced by the properties of 

concrete which determines its elastic stiffness and 

mechanical strength. There is a reduction in the pulse 

velocity if the concrete under the test has low compaction, 

voids or damaged material. The pulse velocity increases or 

decreases as the concrete matures or deteriorates or changes 

with time. This method is considered to be a valuable and 

reliable method of examining the interior of concrete in a 

non-destructive way. The pulse velocity measurements may 

be used to establish 

 The homogeneity of the concrete 

 The presence of cracks, voids and other 

imperfections 

 Changes in the structure of the concrete which 

occur with time 

 Quality of one element of concrete in relation to 

another 

 The values of elastic module of concrete. 

 

 
Velocity(km/sec) Concrete Quality 

>4.0 Very good to excellent 

3.5-4.0 
Good to very good, slight porosity may 

exist 

3.0-3.5 
Satisfactory but loss of integrity is 

suspected 

<3.0 Poor and loss of integrity exists 

Table 3.2: UPV velocity v/s concrete quality 

C. Case Studies 

1) Reinforced Concrete (Rc) Building#1: 

a) Visual Observations: 

The following observations are noted during the 

investigation.  

a) Stilt floor columns and beams are not maintained 

properly and hollow pockets may be present 

within. 

b) Building is located at a distance less than ½ km 

from the sea. 

c) The basement is constructed with RR masonry.  

d) Plinth protection is not carried out for some part. 

e) Drainage condition from outlets of kitchens, toilets, 

restaurants and storm water seems to be poor, 

stagnating and seeping into the ground. 

f) At some locations in the stilt and stair case columns 

and beams the reinforcement is exposed and 

exhibited signs of corrosion/rusting (scales formed 

on the surface of the bar which could be easily 

peeled off). 

g) Columns are at different levels due to uneven 

terrain of the site. 

h) The ground is in slope and rocky terrain. The 

engineers used the slope of the hill to design the 

building floors at different levels. 

i) Soil seems to be partly rocky and partly filled up. 

This may be leading to relative displacement  of the 

foundation making the super structure more 

vulnerable to damage  

j) Bathrooms and staircase rooms are connected with 

sunken slabs and sunken landings. The thickness of 

fill provided at the sunken portion creating lot of 

additional dead load.  

k) Intermediate floating columns are also noticed at 

various locations in the building. 

l) Inside and front lobby walls and other structural 

elements are well finished with rich plaster and 

regularly maintained. 

m) Terrace slab and first floor slab front roof 

projection is leaning towards the front side possibly 

due to lack of support by (right angle) beams 

running from the load bearing (Row “A”) columns 

to the parapet wall. 
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Fig. 2: Selection of a building for assessment of damages 

III. RESULTS & DISCUSSIONS 

A. Rebound Hammer 

Table 3.1: Rebound Hammer Column Results @ Ground Floor 

REBOUND HAMMER NUMBERS 
AVG 

Cor. R 

Value 
STRENGTH (s-S)2 

COLUMNS 1 2 3 4 5 6 

CORRIDOR FRONT COLUMNS 

C1 36 30 34 24 26 40 31.667 19.950 10 3.5006 

C2 32 32 32 34 34 32 32.667 20.580 11 0.7586 

C3 26 38 28 34 36 38 33.333 21.000 11.8 0.005 

C4 38 34 38 40 28 42 36.667 22.370 13.6 2.9894 

C5 28 34 34 28 36 34 32.333 20.370 10.6 1.6154 

ROW A (LOAD BEARING) 

MAIN COLUMNS 

C1 28 30 32 28 32 28 29.667 18.690 10 3.5006 

C2 28 32 30 32 28 32 30.333 19.100 10 3.5006 

C3 38 40 42 38 36 38 38.667 23.580 15 9.7906 

C4 36 34 38 32 38 32 35.000 21.350 12 0.0166 

C5 38 42 36 38 32 34 36.667 22.370 13.6 2.9894 

ROW B (LOAD BEARING) 

MAIN COLUMNS 

C1 32 34 40 42 36 36 36.667 22.370 13.6 2.9894 

C2 36 34 38 32 34 36 35.000 21.350 12 0.0166 

C3 - - - - - - - - - - 

C4 38 32 40 30 38 40 36.333 22.160 13 1.2746 

C5 22 24 26 24 28 24 24.667 16.530 10 3.5006 

ROW C (LOAD BEARING) 

MAIN COLUMNS 

C1 - - - - - - - - - - 

C2 - - - - - - - - - - 

C3 - - - - - - - - - - 

C4 - - - - - - - - - - 

C5 - - - - - - - - - - 

        
434.667 291.770 166.2 36.449 
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BASE MEAN 11.871 
Estimated Compressive Strength 9.125 

VARIANCE 2.8037 

SD 1.674 Design Strength of the member 6.0836 

COV 0.141 Design Stress 4.0557 

 

Table 3.2: Rebound Hammer Beam Results @ Ground Floor 

  
REBOUND HAMMER NUMBERS AVG 

Cor. R 

Value 
STRENGTH (s-S)2 

BEAMS 1 2 3 4 5 6 
    

CORRIDOR 

BEAMS 

B1(BETWEEN 

COLUMN 2 & 3) 
IN ACCESSIBLE - - - - 

B2(B/W COLUMN 4 

& 5) 
IN ACCESSIBLE 

    

ROW A 

BEAMS 

B1(BETWEEN 

COLUMN 2 & 3) 
28 32 30 30 28 32 30 18.9 10 1.44 

B2(BETWEEN 

COLUMN 4 & 5) 
34 34 30 28 28 30 30.667 19.322 10 1.44 

ROW B 

BEAMS 

B1(BETWEEN 

COLUMN 2 & 3) 
36 36 30 28 30 26 31 19.53 10 1.44 

B2(BETWEEN 

COLUMN 4 & 5) 
38 34 42 38 44 34 38.333 23.38 14.8 12.96 

        
130 81.132 44.8 17.28 

BASE MEAN 11.2 
Estimated Compressive Strength 7.264 

VARIANCE 5.76 

SD 2.4 Design Strength of the member 4.843 

COV 0.214 Design Stress 3.228 

From Table 3.1 and Table 3.2, at ground floor, 

based on the rebound hammer readings the insitu 

characteristic strength is found to be 9.125MPa for columns 

and 7.264MPa for beams. The strength of structural member 

is 6.084MPa for columns and 4.843MPa for beams and 

design stress  4.056MPa for columns and 3.228MPa for 

beams. The coefficient of variation is 0.141 and 0.214 for 

columns and beams respectively. 

B. Ultrasonic Pulse Velocity: 

Ultrasonic Pulse Velocity test is conducted on critical 

column and beam locations in the building. The test is 

conducted as per the procedure mentioned in IS 133111: 

Part I. Before measuring the pulse velocity using the 

transducers, a thin layer of grease is applied to testing 

members so as to act as acoustic coupling between the 

transducers and the concrete surface. 

Table 3.3: UPV Test Column Results @ Stilt 

  
UPV READINGS 

COLUMNS time(t)(µs) length(l)(m) velocity(v)(m/s) 

CORRIDOR FRONT COLUMNS 

C1 226 0.3 1330 

C2 - - - 

C3 - - - 

C4 - - - 

C5 - - - 

ROW A MAIN COLUMNS 

C1 169.2 0.3 1770 

C2 - - - 

C3 - - - 

C4 - - - 

C5 - - - 

ROW B MAIN COLUMNS 

C1 - - - 

C2 - - - 

C3 - - - 

C4 - - - 

C5 - - - 

ROW C MAIN COLUMNS 

C1 - - - 

C2 - - - 

C3 - - - 

C4 - - - 

C5 - - - 

   
TOTAL 3100 

  
STILT MEAN 1550 
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Table 3.4 UPV Test Beam Results @ Stilt 

  
UPV READINGS 

BEAMS time(t)(µs) length(l)(m) velocity(v)(m/s) 

BEAMS 

B1 158.5 0.3 1890 

B2 159.1 0.3 1890 

B3(BEAM ON SUNKEN SLAB ABOVE BATHROOM) 151.2 0.3 1980 

   
TOTAL 5760 

  
STILT MEAN 1920 

From Table 3.3 and Table 3.4, it shows that at stilt 

level, the Mean Ultrasonic Pulse Velocity is 1550m/s for 

columns and 1920m/s for beams. This shows that there are 

severe flaws inside the columns and beams, i.e. they are in 

poor condition and loss of integrity exists. 

C. Staad Pro Analysis 

 

IV. CONCLUSIONS 

1) At same age, the strength of onshore structure which is 

exposed to sea environment will be less than the 

strength of offshore structure. Since offshore structure 

is prone to severe damage conditions, hence it shown 

less strength when compared to onshore structure. 

2) In RCBuilding#1, UPV test results shown the concrete 

surfaces are affected to environment due to the loss of 

integrity. 

3) There is decrease in the UPV readings; because flaws 

present in the concrete member made ultrasonic pulse 

travel more time through the member length. 

4) For the RCBuilding#1, nondestructive test reveals the 

poor strength of the columns. However, at present no 

distress developed in the building, but the structure may 

subject to various distress in the future 

like development of cracks, settlement, bucking, etc. 

Hence the columns require immediate attention to 

restore them by concrete jacketing before intended use. 


