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1.1 STRUCTURE SUMMARY:- 

The Existing structure is unique combination of Railway Over bridge (ROB) & Road Under Bridge 

(RUB) at Nand Nagri ,North East Delhi  having 21 pier, 21 Span & 2 Abutment with 623 panels having 

different length with 6 steel girders in each span. 

 

 

Fig.1. Typical elevation sketch of NandNagri Flyover 

The Public Works Department, Delhi has interested the work of Repair and Rehabilitation of 

NandNagri Flyover, North East Delhi to Construma Consultancy Pvt. Ltd. As a part of it, the 

condition assessment of Nand Nagri Flyover, North East Delhi by using Non-destructive testing, 

Hammer Rap Survey & Visual Inspection was carried out on site. This report pertains to the stated 

safety appraisal, health assessments. The following are our previous report in accordance with the 

above mentioned work: 

1. Inception report on NandNagri Flyover – Delhi, October 2018. 

2. Methodology for Recasting of 4 panels on NandNagri Flyover – Delhi, October 2018. 

3. BOQ, Measurement Sheet and Rate Analysis for recasting of 4 panels on NandNagri Flyover – 

Delhi, November 2018. 

 

1.2 STRUCTURAL ARRANGEMENT 

Details from Drawing No. DD001 (GENERAL ARRANGEMENT DRAWING-PLAN & PROFILE 

(ROB, RUB & SERVICE ROADS) (Refer Annexure D) 

 This bridge is a unique combination of Road over Bridge (ROB) and Road under Bridge (RUB) 

having 21 Piers and 2 Abutments of 595 panels of different length and width with 6 steel girders 

in each span. 
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 The entire span of the elevated portion is 651m. The span over the railway portion is a 4 span 

module having 120m in length. 

 The bridge span is divided into 1 no. two span continuous unit, 4 nos. three span continuous units 

and 2 nos. four span continuous units with expansion joints at ends. 

 The approach towards Road no.66 has RE wall of length 138m and RC wall of length 65m 

respectively. 

 The approach towards Dilshad Garden has RE wall of length 121m and RC wall of length 30m 

respectively. 

Details from Drawing No. DD110B (GENERAL ARRANGEMENT DRAWING OF CAST IN SITU 

AND PRECAST SLAB FOR 42.25-30.0M SPAN) (Refer Annexure D) 

 There are five full panels and two half panels in the transverse direction. 

 The panel width is 2850 mm and the half panel width is 1425mm in transverse direction and the 

length of the panel varies with respect to the overall span. 

 The width of carriage way is 16.2m with a median of 1.2m dividing the road into two equal spans 

of 7.5m.  

 Single precast deck slab has 4 lifting hooks at distance of 1000mm from the transverse joint.  

 The precast panels are connected to one another by the in-situ stitch concrete. 

 The steel girder and the precast slab panels are connected using the shear studs over which the in-

situ stitch concrete is poured. 

 The half panels are placed on the end steel girders where the metallic crash barriers are placed 

over the panels. 

 The precast panels are placed on bearing strips made of high density polystyrene of 40mm thick 

(varying). 

 The steel hollow box diaphragms are placed on top of the bearing and splicing’s done at 

predominant location using HSFG bolts. 

 

1.3 EVALUATION OF THE STRUCTURE 

In order to assess the condition of the RCC superstructure, a thorough evaluation was performed. The 

evaluation determined the structural condition, the need for repair and rehabilitation or maintenance 

and provided an indication as to the safety and strength of the structure.  

Primary Evaluation: 

 A visual inspection of the exterior exposed elements to determine, whether there are any visible/ 

obvious signs of distress, deflection or deterioration in the structure. 

 Hammer Rap Survey to determine the distress zones in RCC Panels and marked with paint for 

NDT testing. 
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       Secondary Evaluation: 

 At selective locations extracting concrete to examine the condition of the underlying reinforcing 

steel. 

  In-Situ and laboratory testing to determine concrete homogeneity, compressive strength & 

condition of steel and RCC structure etc. 

1.4 OBJECTIVES OF THE OVERALL INVESTIGATION: 

The overall objective of the investigation carried out for the structure is to obtain an up to date account 

of the health condition of the structure so that appropriate repair measures can be taken up to make up 

for the damages sustained. Keeping this in view the basic objectives of the investigation formulated are 

as given below. 

1. To assess the existing condition of the structural elements. 

2. To determine the extent of damages in the structure, so as to undertake suitable remedial measures 

for rehabilitation of the structure. 

 

1.5 PLANNING OF INVESTIGATION AND METHODOLOGY: 

 Walk over survey: 

First and foremost activity in a condition survey and structural investigation, especially in distressed 

superstructure, is a Walk over survey & Hammer Rap survey so as to gather readily available 

information about the structure in question. Further, careful visual observation of the nature of the 

crack & spalling can furnish valuable information regarding the distresses. A systematic visual 

observation has been recorded in this investigation and the findings are presented in later part of this 

report. 

 

1. Visual survey of the structure/RCC/MS structural members and documenting the damage if any 

with the help of photographs. 

 

2. Hammer Rap Survey and marking of all distress zones with paint. 
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 2. VISUAL INSPECTION  

 & 

 HAMMER RAP SURVEY 

 
 (PRIMARY EVALUATION)
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2.1 VISUAL SURVEY:- 

Photo 1 

Location 
P11-P12 

PANEL-13 

 

Nature of 

Distress 
Spalling 

Extent & 

Severity 

Severe 

Photo 2 

Location 
P5-P6 

PANEL-3 

 

Nature of 

Distress 

Minor & Major 

Cracks 

Extent & 

Severity 
Severe 
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Photo 3 

Location 
P5-P6 

PANEL-4 

 

Nature of 

Distress 

Minor & Major 

Cracks 

Extent & 

Severity 

Severe 

Photo 4 

Location 
P5-P6 

PANEL-3 

 

Nature of 

Distress 

Minor & Major  

Cracks 

Extent & 

Severity 

Severe 
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Photo 5 

Location 
P11-P12 

PANEL-13 

 

Nature of Distress 
Spalling & Major 

Cracks 

Extent & Severity Severe 

Photo 6 

Location 
P16-P17 

PANEL-25 

 

Nature of Distress 
Minor Cracks & 

Spalling 

Extent & Severity Moderate 
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Photo 7 

Location 
P9-P10 

PANEL-19 

 

Nature of Distress 

Minor  Cracks, 

Honeycombing      

spalling 

 

Extent & Severity Moderate 

Photo 8 

Location 
P17-P18 

PANEL-6 

 

Nature of Distress 
Minor & Major 

Cracks 

Extent & Severity Severe 



Repair & Rehabilitation of ROB NandNagri Flyover 

 

Page 10       CONSTRUMA CONSULTANCY PVT. LTD. 

 

Photo 9 

Location 
P9-P10 

PANEL-19 

 

Nature of Distress 
Minor Cracks & 

Honeycombing 

Extent & Severity Moderate 

Photo 10 

Location 
P6-P7 

PANEL-13 

 

Nature of Distress 
Major Cracks & 

Honeycombing 

Extent & Severity Severe 



Repair & Rehabilitation of ROB NandNagri Flyover 

 

Page 11       CONSTRUMA CONSULTANCY PVT. LTD. 

 

 
 

Fig. 2.Spalled concrete on the soffit of the panel maybe between A1-P1 

 

 
 

  Fig. 3.Spalling of concrete near the junction of girder and panels between P1-P2 
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Fig. 4.Minor honeycomb formed on the soffit of the panels between P2-P3 

 

 
Fig. 5. Spalling of concrete near the junction of girder and panels between P4-P5 
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Fig. 6.Major damaged panels  

 
 

 
 

Fig. 7. Spalling of concrete near the junction of girder and panels between P6-P7 
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Fig. 8.Spalling piercap and junction of panel with steel girder in P8-P9 
 

 
Fig. 9.Spalling and Vegetation growth seen in between P9-P10 
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Fig. 10.minor cracks seen in between P10-P11 

 
 

Fig. 11.Major damaged panel in between P11-P12 
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Fig. 12. Major damaged panel with minor cracks in between P12-P13 

 

 
Fig. 13.Major distress panel in between P13-P14 
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Fig. 14. No major damage in between P15-P16 

 
 

 
Fig. 15.Minor cracks with spalling noted in between P16-P17  
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Fig. 16.Major distress seen in 4 panels in between P17-P18 

 
 

 
Fig. 17.Spalling noticed in one panel in between P18-P19 
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Fig.18. Minor cracks noticed in between P21-A2 
 

 

                Fig. 19.Spalled concrete on the abutment A2 
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DAMAGES IN BEARING STRIPS 

 
                                                     Photo 11 

P8-P9 

 

Panel 28 

 
                                                  Photo 12 

A1 P1 

 

 
                                                Photo 13 

A1 P1 

 

Panel 5 



Repair & Rehabilitation of ROB NandNagri Flyover 

 

Page 21       CONSTRUMA CONSULTANCY PVT. LTD. 

 
                                                         Photo 14 

P10 P11 

 

Panel 13 

 
Photo 15 

P7 P8 

 

Panel 28 

 
Photo 16 

P4-P5 

 

Panel 25 
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Photo 17 

P8-P9 

 

Panel 13 
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 STEEL STAIRCASE 

 
Photo 18. Typical elevation of Staircase     Photo 19.Staircase 

 
Photo 20. Typical elevation of Staircase 

 

 

 

 

WALK THROUGH/VISUAL SURVEY OBSERVATION  
There are 4 no’s of steel staircases at Nand Nagri flyover between P11- P12 (left-right 

side) and P12-P13 (left-right side)  

Corrosion and paint failure noticed on Steel Staircases 
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STEEL GIRDERS 

 
Photo 21. Outer steel girder      Photo21.a) Inner Steel girders with cross bracings 
 

  
Photo 22. Steel girders showing no sign of corrosion    Photo 22.a) Steel bolt connection 
 

   
Photo 23. Cross and rectangular bracings      Photo 23.a) End Diaphragms with no distress 
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Photo 24. Steel girders connection with bearings         Photo 24.a) Girders resting in abutments 

 

 

 

 

 

 

 

STEEL GIRDERS’ DIMENSION 

 
 Fig. 20.The dimension of steel girders 

 

WALK THROUGH/ VISUAL SURVEY OBSERVATION 
 

No paint peeling off, No paint bubbled and No corrosion noticed on 

web, flange and bracings with diaphragms in steel superstructure 

HSFG bolts are in tight and showing no sign of corrosion are 

observed. 
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 Fig. 21.Panel numbers with steel girder. 

 

 

 

 

 

 

 

ROAD SIDE GRILL 

    
Photo 25.Roadside Grills in good condition. Photo 26. Crash Barrier are in good condition without any 

damages  

 

 

 

WALK THROUGH/VISUAL SURVEY OBSERVATION 
 

There are 6 Nos. of steel girders and its sectional dimensions are mentioned in 

the above Fig. 20.  
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R.E. WALL 

     
     Photo 27.Approach R.E wall    Photo 28. Approach side RE wall 

     
Photo 29. Side wall in RUB     Photo 30.Side wall in RUB 

 

ABUTMENT 

     
Photo 31. Abutments noted with no distress                Photo 31.a) Abutments noted with no distress 
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Photo 32. Outer side of Abutments  

 

COPPER U STRIP & JOINT FILLER TYPE EXPANSION JOINT 
 

    
Photo 33. No damages in expansion joints               Photo 34. Transverse crack due to tension near  

                                                                                                   Expansion  joints  

 

 

 

 

 

WALK THROUGH/VISUAL SURVEY OBSERVATION 
 

There are no visual distress/damage found in Abutment, Retaining wall, 

Road side grill & Copper U strip & joint filler type expansion joint. 
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PIER/ PIERCAP 

     
Photo 35. Piers showing no distress or damages         Photo 36. Pier in the RUB portion 

 

 

 

      
Photo 37. Pier caps with any cracks or damges          Photo 38. Pier protection cover 

 

 

 

 

 

 

 

WALK THROUGH/VISUAL SURVEY OBSERVATION 
There are no observations of distress/damage found in Pier/Pier Cap/Pier 

Foundation. 

Size of pier cap (L×W×H) = 5.5m × 2.08m × 0.762m 
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BEARING/ BEARING PEDESTAL AND SEISMIC RESTRAINERS 

    
Photo 39.Bearings without any damges          Photo 40. Bearings are in good condition 

 

 

    
  Photo 41. Seismic Restrainers without any damage        Photo 42. Seismic Restrainers showing no distress or damage 

 

WALK THROUGH/VISUAL SURVEY OBSERVATION 

On observation there are no distress/damages found in Bearings & its Pedestals. 

 

 

 

 

 

 

 

Size of Side Bearing Pedestal (L×W×H) = 900mm × 900mm × 250mm  

Size of Centre Bearing Pedestal (L×W×H) = 1300mm × 1300mm × 150mm  

Total Number of Bearings (Left× Centre× Right) = 23-7-23= 53 Nos. 
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KERB STONE 

     
Photo 43.Kerb Stones in the median        Photo 44.Kerbstones along the outer side of the road  

ROAD SIDE FOOTPATH 

                   

Photo 45. Footpath in the Raily portion (ROB)     Photo 46. Footpath are in good condition 

 

         
    Photo 47. Outlet pipes are not connected to the downtakes     Photo 47.a) Drainage pipe missing. 

    

 

  

WALK THROUGH/VISUAL SURVEY OBSERVATION 
 

There is RCC work in place of side kerb stones found at Nand Nagri flyover. There is footpath 

existing in railway portion (ROB) on either side of the road. The outlet pipes from the road are 

free below without further connection with the drainage pipe system. 
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 DEPRESSION/POT HOLES 
 

 
                         Photo 48. Depression / cracking in the bituminous layer 

 

 
           Photo 49.Distressed pattern on wearing coat  

 

 

 
 

 

 

 

 

 

 

WALK THROUGH/VISUAL SURVEY OBSERVATION 
 

There is Depression/ pot holes observed on damage panels like; P17-P18 

(Panel-6) on road at Nand Nagri Flyover. 
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2.2 HAMMER RAP SURVEY:- 

Quality Assurance in Concrete using Non Destructive Testing 

Client: PWD, DELHI                                                    Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

Hammer Rap Survey On RCC at Nand Nagri Flyover, New Delhi 

SL. 

No. 
Location Remarks 

Sound Observations 

(Dull Hollow Sound or 

Solid Sound) 

1 P11-P12 (Panel 18) Cracks   Dull Hollow Sound 

2 P11-P12 (Panel 19) Cracks   Dull Hollow Sound 

3 P11-P12 (Panel 12) Major Cracks Dull Hollow Sound 

4 P11-P12 (Panel 13) 
Honeycombs, Major Cracks, 

Spalling, Panel Damaged 
Dull Hollow Sound 

5 P11-P12 (Panel 5) Major Cracks Dull Hollow Sound 

6 P12-P13 (Panel 3) Major Crack Dull Hollow Sound 

7 P12-P13 (Panel 10) Major Crack Dull Hollow Sound 

8 P12-P13 (Panel 17) Major Crack, Panel Damaged Dull Hollow Sound 

9 P12-P13 (Panel 24) Major Crack, Panel Damaged Dull Hollow Sound 

10 P12-P13 (Panel 26) Cracks Dull Hollow Sound 

11 P12-P13 (Panel 27) No Distress Solid Sound 

12 P13-P14 (Panel 10) No Distress Solid Sound 

13 P13-P14 (Panel 11) No Distress Solid Sound 

14 P13-P14 (Panel 17) No Distress Solid Sound 

15 P13-P14 (Panel 18) No Distress Solid Sound 

16 P13-P14 (Panel 19) No Distress Solid Sound 

17 P13-P14 (Panel 24) No Distress Solid Sound 

18 P13-P14 (Panel 25) Major Cracks Dull Hollow Sound 

19 P13-P14 (Panel 26) 
Damage Panel, Cracks, Honey 

Combing 
Dull Hollow Sound 

20 P16-P17 (Panel 17) No Distress Solid Sound 

21 P16-P17 (Panel 18) No Distress Solid Sound 

22 P16-P17 (Panel 25) Honey Combing, Cracks Dull Hollow Sound 

23 P17-P18 (Panel 6) Damage Panel, Major Cracks Dull Hollow Sound 

24 P17-P18 (Panel 10) No Distress Solid Sound 

25 P17-P18 (Panel 16) Major Cracks, Panel Damage Dull Hollow Sound 

26 P17-P18 (Panel 17) Major Cracks, Honeycombs Dull Hollow Sound 

27 P17-P18 (Panel 18) Panel Damage, Major Crack Dull Hollow Sound 

28 P17-P18 (Panel 24) Panel Damage, Major Crack Dull Hollow Sound 

29 P17-P18 (Panel 25) Honeycombs, Cracks Dull Hollow Sound 

30 P-19-P-20 (Panel 3) Minor cracks Dull Hollow Sound 

31 P3-P4 (Panel 9) No Distress Solid Sound 

32 P3-P4 (Panel 23) No Distress Solid Sound 
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33 A1-P1 (Panel 3) No Distress Solid Sound 

34 A1-P1 (Panel 19) No Distress Solid Sound 

35 P1-P2 (Panel 4) No Distress Solid Sound 

36 P1-P2 (Panel 14) No Distress Solid Sound 

37 P2-P3 (Panel 18) Minor Honeycombs Dull Hollow Sound 

38 P2-P3 (Panel 16) No Distress Solid Sound 

39 P4-P5 (Panel 26) No Distress Solid Sound 

40 P4-P5 (Panel 4) No Distress Solid Sound 

41 P5-P6 (Panel 25) Minor Honeycombs Dull Hollow Sound 

42 P5-P6 (Panel 19) No Distress Solid Sound 

43 P5-P6 (Panel 4) Major Cracks, Honeycombs Dull Hollow Sound 

44 P5-P6 (Panel 3) Major Cracks, Honeycombs Dull Hollow Sound 

45 P6-P7 (Panel 13) Major Cracks, Honeycombs Dull Hollow Sound 

46 P6-P7 (Panel 27) No Distress Solid Sound 

47 P6-P7 (Panel 26) Minor Cracks, Honeycombs Dull Hollow Sound 

48 P7-P8 (Panel 20) No Distress Solid Sound 

49 P7-P8 (Panel 17) No Distress Solid Sound 

50 P8-P9 (Panel 3) No Distress Solid Sound 

51 P8-P9 (Panel 20) No Distress Solid Sound 

52 P9-P10 (Panel 18) No Distress Solid Sound 

53 P9-P10 (Panel 19) Minor Cracks, Honeycomb Dull Hollow Sound 

54 P10-P11 (Panel 19) Minor Honeycombs Dull Hollow Sound 

55 P10-P11 (Panel 6) No Distress Solid Sound 

56 P18-P19 (Panel 11) No Distress Solid Sound 

57 P19-P20 (Panel 18) No Distress Solid Sound 

58 P20-P21 (Panel 3) Minor Honeycombs Dull Hollow Sound 

59 P21-A2 (Panel 17) No Distress Solid Sound 

60 P21-A2 (Panel 6) No Distress Solid Sound 

Interpretation(Sound Observed):-  Dull Hollow Sound / Solid Sound 

Dull Hollow Sound: - This sound is heard where Cracks, Honeycombing and Loose concreting etc. 

suspect to be in the concrete structure. 

Solid Sound: - This sound is heard where the concrete structure is in good condition. 

ALL THE PANELS OF BRIDGE ARE COVERED BY HAMMER 

RAP & VISUAL SURVEY 
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PHOTOGRAPHS OF HAMMER RAP SURVEY 

 
 

 
 

Photo 50 Photo 51 

 
 

 
 

Photo 52 Photo 53 

 
 

 
 

Photo 54 Photo 55 
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Photo 56 Photo 57 

 
 

 
 

Photo 58 Photo 59 

 
  

 

Photo 60 Photo 61 
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Photo 62 Photo 63 

 
 

 
 

Photo 64 Photo 65 

 

 
 

Photo 66 Photo 67 
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Photo 68 

 
 

Photo 69 
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                   3. TEST PLAN 
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 3.1. TEST PLAN:- 

 

On behalf of primary evaluation further In-situ and laboratory testing was selected to know the nature of 

the Cracks, Spalling, Compressive Strength, and Cover etc. As per surface condition based on Visual 

Survey and Hammer Rap Survey, test locations were decided to cover the secondary evaluation of 

overall structure. 

These are the tests executed to provide an idea about the degree of damage encountered in the concrete 

structure:- 

 

1) Ultrasonic Pulse Velocity Test as per IS: 13311 (Part-1)-1992 for ascertaining the quality of concrete, 

soundness and density of concrete. 

 

2) Rebound Hammer Test: For determining the estimated compressive strength of concrete and uniformity of 

concrete in terms of surface hardness as per IS 13311 (Part-2)-1992. 

 

3) Cover Meter Test: Conducting cover meter test at selected locations on RCC members of the structures 

covered under the study to see the adequacy of concrete cover to rebars and effect of carbonation.  

 

4) Chemical Tests on Concrete in the laboratory to determine the following parameters to understand the 

chemical deterioration /degradation of concrete and its effect on reinforcement corrosion. 

a) Chloride content as per IS: 14959 (Part 2) – 2001, B.S. 5328, ACI 201.2R-92. 

b) Sulphate content as per IS: 4032. 

c) PH value as per relevant B.S. 5328, ACI 201.2R-92 and ACI-318-99. 

 

5) Carbonation Test as per BS EN: 14630 Measurement of carbonation depth by phenolphthalein spray test at 

selected locations on RCC members of the structures covered under the study to see the depth of carbonation. 

 

6) Core Extraction: IS: 516, concrete extraction for exact in-situ compressive strength evaluation of concrete, 

grade and fck value of concrete. 

 

7) Crack pattern Analysis: Ultrasonic Pulse Velocity was used to examine the crack propagation with its depth 

in the existing cracked surface.  

 

8) Thickness Testing to check reduction in thickness of steel members caused due to corrosion. 
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 3.2 SAMPLE AND SITE DATA COLLECTION:- 

These five instruments i.e. Ultrasonic Pulse velocity meter, Rebound Hammer, bar locator, concrete 

core cutting machine & Thickness Gauge were used to collect the data from the structure. 

As per the visual inspection and Hammer Rap Survey on the entire bridge, the numbers of tests which 

are required on super structure and sub structure have been decided to find out the condition of the 

bridge. 

 

 

3.3 NUMBER OF TESTS TO BE CONDUCTED: 

 

S.No. Name of the Bridge 

Ultrasonic Pulse 

Velocity Test 

Rebound 

Hammer 

Test 

Cover Meter Crack Pattern 

1. 

Nand Nagri Flyover 

North East Delhi 

138 

Nos. 

121 

Nos. 

30 

Nos. 

8 

Nos. 

Thickness Test Core Test 
Carbonation 

Test 
Chemical Test 

6 

Nos. 

10 

Nos. 

10 

Nos. 

10 

Nos. 
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 4. NDT TEST RESULTS 

 & 

   INTERPRETATION 

 
    (SECONDARY EVALUATION)
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4.1 ULTRASONIC PULSE VELOCITY:- 

Purpose:- 

Although there is no fundamental relationship between pulse velocity and strength, an estimation of 

strength can be obtained by correlation. The method has perhaps a greater potential for comparing known 

sound concrete with affected concrete. 

Ultrasonic pulse velocity is a means of assessing variations in the apparent strength of concrete. 

The quality gradation of concrete can be appraised at best qualitatively as ‘Excellent’, ‘Good’, ‘Medium’ 

or ‘Doubtful’. The meanings of the term `excellent', `good', `medium' and `doubtful' are based on ultra-

sonic pulse velocity measured at site and are as per the nomenclature of IS 13311(part-1): 1992. To strike 

balance between the reliability, speed and damage to structure, core test have to be used to establish a 

correlation between rebound number index and the estimated in-situ strength with the USPV test results in 

the investigation. 

 

Objective of testing:- 

Ultrasonic pulse velocity test is used to establish the following: 

 Homogeneity of concrete 

 Presence of cracks voids, honeycombing and other imperfections 

 Changes in the structure of concrete which may occur with time. 

 Quality of one element of concrete in relation to another i.e. comparative quality analysis and 

gradation of concrete. 

 The values of dynamic elastic modulus of the concrete. 

 

References:- 

 BS 6089:1981 and BS 1881:Part203 

 IS 13311:Part1:1992 

 ASTM: C597-83. 
 

Influencing factors:- 

The velocity of a pulse of ultrasonic energy in concrete is influenced by the stiffness and mechanical 

strength of the concrete 

 Moisture content: The moisture content of the concrete have a small effect in the velocity and can 

increase the pulse velocity by 2%. 

 Surface condition: The testing surface should be smooth any roughness cannot provide reliable 

readings because of gap between transducers and testing surface. 

 Temperature: Ideal Temperature is between 5°C and 30°C; Temperature between 30°C to 60°C can 

reduce the pulse velocity up to 5%; below freezing temperature results in an increase the pulse 
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velocity up to 7.5%. 

 Stress: When concrete is subjected to a stress which is abnormally high for a quality of concrete, 

the pulse velocity may be reduced due to development of micro-cracks. 

 Reinforcing bars: The velocity measured in reinforced concrete in the vicinity of reinforcing bars is 

usually higher than in plain concrete because pulse velocity in steel is 1.2-1.9 times the velocity in 

plain concrete. Wherever possible, measurements should be made in such a way that steel does not 

lie in the path of the pulse. 

 

Testing method:- 

According to IS 13311(Part1):1992 clause 5.2 transducers with a frequency of 50 to 60 kHz are useful for 

most all round applications, and as per IS 13311(Part1):1992 clause 6.2 the path length should be long 

enough not to be significantly influenced by the heterogeneous nature of concrete. This test requires a flat 

surface generally only appropriate for unspalled surfaces. 

In view of inherent variability in the test results, sufficient number of readings should be taken by 

dividing the entire structure in suitable grid of markings 30cm x 30 cm or even smaller. Each junction 

point of the grid becomes a point of observation. 

 

Methods of Measuring Pulse velocities: 

There are three ways of measuring pulse velocity through concrete. 

a) Direct method or Cross Probing method- Most preferred method- whenever access to opposite sides 

of the structural component is available. 

b) Surface  probing or indirect  method - whenever  access  to  only  one  surface  of  the structural 

component is available. Surface probing method gives lower velocities than with cross probing 

method. 

c) Semi - Direct method - whenever access to different but not opposite sides of the structural component 

is available. 

 

Fig. 22.The three different types of measuring the pulse velocity through concrete 
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Velocity Criterion for Concrete Quality Grading [Ref: IS13311 (part-1)] 
 

Sr. No. USPV by Cross Probing (km/sec) Concrete Quality Grading 

1 Above 4.5 Excellent 

2 3.5 - 4.5 Good 

3 3.0 - 3.5 Medium 

4 Below 3.0 Doubtful 

 
 

 

USPV relevant testing code:- 
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TEST CERTIFICATE: - ULTRASONIC PULSE VELOCITY TEST 

Quality Assurance in Concrete using Non Destructive Testing 

Ultrasonic Pulse Velocity (IS: 13311 Part 1) 

Client: PWD, DELHI                                                     Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

Non Destructive Testing at NandNagri Flyover 

DECK SLAB 

SL. 

No. 

Sample Identification/ 

Location 

Type of 

surface 

Distance 

(mm) 

Travel 

Time 

(micro sec.) 

Avg. 

Velocity 

(km/sec) 

Direct 

Proportionate 

Velocity (IS 

13311 part 1 cl. 

5.4.1) 

Concrete 

Quality 

 
       1 P-9,P-10, PNL-18 Indirect 300 138.12 2.172 3.172 Medium 

2 P-9,P-10, PNL-18 Indirect 300 83.71 3.584 4.584 Excellent 

3 P-9,P-10, PNL-15 Indirect 300 81.61 3.676 4.676 Excellent 

4 P-9,P-10, PNL-6 Indirect 300 97.66 3.072 4.072 Good 

5 P-8,P-9, PNL-27 Indirect 300 80.6 3.722 4.722 Excellent 

6 P-8,P-9, PNL-18 Indirect 300 90.2 3.326 4.326 Good 

7 P-8,P-9, PNL-3 Indirect 300 90.61 3.311 4.311 Good 

8 P-7,P-8, PNL-25 Indirect 300 92.11 3.257 4.257 Good 

9 P-7,P-8, PNL-17 Indirect 300 116.6 2.573 3.573 Good 

10 P-7,P-8, PNL-20 Indirect 300 99.21 3.024 4.024 Good 

11 P-7,P-6, PNL-16 Indirect 300 127.55 2.352 3.352 Medium 

12 P-7,P-6, PNL-13 Indirect 300 144.93 2.07 3.07 Medium 

13 P-7,P-8, PNL-15 Indirect 300 109.41 2.742 3.742 Good 

14 P-5,P-6, PNL-25 Indirect 300 82.6 3.632 4.632 Excellent 

15 P-5,P-6, PNL-19 Indirect 300 84.51 3.55 4.55 Excellent 

16 P-5,P-6, PNL-11 Indirect 300 74.81 4.01 5.01 Excellent 

17 P-5,P-6, PNL-4 Indirect 300 146.33 2.05 3.05 Medium 

18 P-5,P-6, PNL-5 Indirect 300 108.7 2.76 3.76 Good 

19 P-5,P-6, PNL-2 Indirect 300 234.38 1.28 2.28 Doubtful 

20 P-11,P-12, PNL-18 Indirect 300 124.9 2.402 3.402 Medium 

21 P-11,P-12, PNL-17 Indirect 300 82.21 3.649 4.649 Excellent 

22 P-11,P-12, PNL-16 Indirect 300 122.6 2.447 3.447 Medium 

23 P-11,P-12, PNL-12 Indirect 300 130.61 2.297 3.297 Medium 

24 P-11,P-12, PNL-5 Indirect 300 134.11 2.237 3.237 Medium 

25 P-11,P-12, PNL-4 Indirect 300 109.41 2.742 3.742 Good 

26 P-11,P-12, PNL-6 Indirect 300 96.59 3.106 4.106 Good 

27 P-10,P-11, PNL-26 Indirect 300 105.12 2.854 3.854 Good 

28 P-10,P-11, PNL-19 Indirect 300 131.58 2.28 3.28 Medium 

29 P-10,P-11, PNL-20 Indirect 300 107.41 2.793 3.793 Good 

30 P-11,P-12, PNL-41 Indirect 300 104.46 2.872 3.872 Good 

31 P-11,P-12, PNL-34 Indirect 300 137.17 2.187 3.187 Medium 

32 P-12,P-13, PNL-13 Indirect 300 84.6 3.546 4.546 Excellent 

33 P-12,P-13, PNL-12 Indirect 300 100.6 2.982 3.982 Good 

34 P-12,P-13, PNL-5 Indirect 300 93.2 3.219 4.219 Good 

35 P-12,P-13, PNL-6 Indirect 300 135.38 2.216 3.216 Medium 
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36 P-12,P-13, PNL-2 Indirect 300 135.87 2.208 3.208 Medium 

37 P-12,P-13, PNL-9 Indirect 300 131.93 2.274 3.274 Medium 

38 P-12,P-13, PNL-5 Indirect 300 135.38 2.216 3.216 Medium 

39 P-12,P-13, PNL-3 Indirect 300 144.79 2.072 3.072 Medium 

40 P-12,P-13, PNL-4 Indirect 300 111.4 2.693 3.693 Good 

41 P-12,P-13, PNL-11 Indirect 300 121.61 2.467 3.467 Medium 

42 P-12,P-13, PNL-20 Indirect 300 125.21 2.396 3.396 Medium 

43 P-12,P-13, PNL-27 Indirect 300 97.69 3.071 4.071 Good 

44 P-12,P-13, PNL-19 Indirect 300 121.41 2.471 3.471 Medium 

45 P-12,P-13, PNL-26 Indirect 300 128.15 2.341 3.341 Medium 

46 P-12,P-13, PNL-25 Indirect 300 95.91 3.128 4.128 Good 

47 P-19,P-20, PNL-11 Indirect 300 101.39 2.959 3.959 Good 

48 P-19,P-20, PNL-10 Indirect 300 108.38 2.768 3.768 Good 

49 P-19,P-20, PNL-3 Indirect 300 180.61 1.661 2.661 Doubtful 

50 P-19,P-20, PNL-17 Indirect 300 115.38 2.6 3.6 Good 

51 P-13,P-14, PNL-10 Indirect 300 104.38 2.874 3.874 Good 

52 P-13,P-14, PNL-11 Indirect 300 102.7 2.921 3.921 Good 

53 P-13,P-14, PNL-17 Indirect 300 121.9 2.461 3.461 Medium 

54 P-13,P-14, PNL-18 Indirect 300 111.4 2.693 3.693 Good 

55 P-13,P-14, PNL-19 Indirect 300 111.61 2.688 3.688 Good 

56 P-13,P-14, PNL-26 Indirect 300 89.9 3.337 4.337 Good 

57 P-13,P-14, PNL-24 Indirect 300 144.86 2.071 3.071 Medium 

58 P-14,P-15, PNL-9 Indirect 300 143.75 2.087 3.087 Medium 

59 P-14,P-15, PNL-12 Indirect 300 141.11 2.126 3.126 Medium 

60 P-14,P-15, PNL-18 Indirect 300 94.91 3.161 4.161 Good 

61 P-15,P-16, PNL-16 Indirect 300 144.23 2.08 3.08 Medium 

62 P-15,P-16, PNL-26 Indirect 300 142.18 2.11 3.11 Medium 

63 P-15,P-16, PNL-25 Indirect 300 127.88 2.346 3.346 Medium 

64 P-16,P-17, PNL-17 Indirect 300 109.61 2.737 3.737 Good 

65 P-16,P-17, PNL-18 Indirect 300 140.38 2.137 3.137 Medium 

66 P-16,P-17, PNL-25 Indirect 300 177.94 1.686 2.686 Doubtful 

67 P-17,P-18, PNL-10 Indirect 300 129.93 2.309 3.309 Medium 

68 P-17,P-18, PNL-17 Indirect 300 141.38 2.122 3.122 Medium 

69 P-17,P-18, PNL-16 Indirect 300 143.2 2.095 3.095 Medium 

70 P-17,P-18, PNL-25 Indirect 300 157.4 1.906 2.906 Doubtful 

71 P-17,P-18, PNL-18 Indirect 300 303.64 0.988 1.988 Doubtful 

72 P-18,P-19, PNL-3 Indirect 300 89.61 3.348 4.348 Good 

73 P-18,P-19, PNL-11 Indirect 300 90.69 3.308 4.308 Good 

74 P-18,P-19, PNL-4 Indirect 300 183.15 1.638 2.638 Doubtful 

75 P-18,P-19, PNL-2 Indirect 300 123.71 2.425 3.425 Medium 

76 P-20,P-21, PNL-13 Indirect 300 136.12 2.204 3.204 Medium 

77 P-20,P-21, PNL-27 Indirect 300 132.92 2.257 3.257 Medium 

78 P-20,P-21, PNL-6 Indirect 300 121.11 2.477 3.477 Medium 

79 P-20,P-21, PNL-12 Indirect 300 120.92 2.481 3.481 Medium 

80 P-20,P-21, PNL-23 Indirect 300 120.1 2.498 3.498 Medium 

81 P-21,P-22, PNL-18 Indirect 300 128.26 2.339 3.339 Medium 

82 P-21,A-2, PNL-6 Indirect 300 104.71 2.865 3.865 Good 

83 P-22,A-2, PNL-6 Indirect 300 139.41 2.152 3.152 Medium 

84 P-22,A-2, PNL-3 Indirect 300 133.21 2.252 3.252 Medium 
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85 P-22,A-2, PNL-23 Indirect 300 113.94 2.633 3.633 Good 

86 P-4,P-5, PNL-10 Indirect 300 108.58 2.763 3.763 Good 

87 P-4,P-5, PNL-5 Indirect 300 134.89 2.224 3.224 Medium 

88 P-4,P-5, PNL-27 Indirect 300 134.89 2.224 3.224 Medium 

89 P-3,P-4, PNL-26 Indirect 300 109.89 2.73 3.73 Good 

90 P-3,P-4, PNL-23 Indirect 300 128.26 2.339 3.339 Medium 

91 P-3,P-4, PNL-9 Indirect 300 122.1 2.457 3.457 Medium 

92 P-2,P-3, PNL-23 Indirect 300 118.72 2.527 3.527 Good 

93 P-2,P-3, PNL-9 Indirect 300 99.11 3.027 4.027 Good 

94 P-2,P-3, PNL-3 Indirect 300 113.12 2.652 3.652 Good 

95 P-1,P-2, PNL-23 Indirect 300 127.5 2.353 3.353 Medium 

96 P-1,P-2, PNL-16 Indirect 300 136.86 2.192 3.192 Medium 

97 P-1,P-2, PNL-11 Indirect 300 124.84 2.403 3.403 Medium 

98 P-1,A-1, PNL-25 Indirect 300 130.89 2.292 3.292 Medium 

99 P-1,A-1, PNL-27 Indirect 300 112.07 2.677 3.677 Good 

100 P-1,A-1, PNL-11 Indirect 300 93.14 3.221 4.221 Good 

101 P-1,A-1, PNL-12 Indirect 300 97.06 3.091 4.091 Good 

102 P-1,A-1, PNL-2 Indirect 300 118.06 2.541 3.541 Good 

        
PIER 

103 P11 Indirect 300 99.83 3.005 4.005 Good 

104 P12 Indirect 300 99.44 3.017 4.017 Good 

105 P13 Indirect 300 136.36 2.2 3.2 Medium 

106 P14 Indirect 300 98.91 3.033 4.033 Good 

107 P17 Indirect 300 99.65 3.01 4.01 Good 

108 P18 Indirect 300 147.06 2.04 3.04 Medium 

109 P20 Indirect 300 93.18 3.22 4.22 Good 

110 P8 Indirect 300 116.28 2.58 3.58 Good 

111 P5 Indirect 300 145.07 2.068 3.068 Medium 

112 P3 Indirect 300 113.21 2.65 3.65 Good 

        
ABUTMENT 

113 A1 Indirect 300 106.91 2.806 3.806 Good 

114 A2 Indirect 300 118.72 2.527 3.527 Good 

 

 

 

 

 

  

As per USPV(IS:13311 part 1) 

Sr. No. USPV by Cross Probing (km/sec) Concrete Quality Grading 

1 Above 4.5 Excellent 

2 3.5 - 4.5 Good 

3 3.0 - 3.5 Medium 

4 Below 3.0 Doubtful 
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USPV TESTING AT ONE LOCATION FOR VELOCITY VARIATION 

Velocity Variation Graph 

(T-Transducer/R-Receiver/Distance b/w T & R- 300 mm ) 
Direct Velocity 

(m/s) 
Remarks 

 

 
 

1. 2279 

2. 2978 

3. 2024 

4. 3114 

P11-P12 

Panel-24 

 
(There is low variation 

in velocity, only minor 

surface cracks are 

present in panel) 

 

 

1. 2046 

2. No Reading 

3. 3879 

4. 2570 

P11-P12 

Panel-13 

 
(There is High variation 

in velocity, Minor & 

Major surface cracks/ 

Honeycombing are 

present in panel) 

 

 

1. 2740 

2. 2277 

3. 2989 

4. 3108 

P12-P13 

Panel-24 

 
(There is medium 

variation in velocity, 

Minor & Major surface 

cracks/Honeycombing 

are present in panel) 
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USPV TESTING AT ONE LOCATION FOR VELOCITY VARIATION 

Velocity Variation Graph 

(T-Transducer/R-Receiver/Distance b/w T & R- 300 mm ) 
Direct Velocity Remarks 

 

 
 

1. 2586 

2. 3204 

3. 2874 

4. 3717 

P13-P14 

Panel-25 
 

(There is medium 

variation in velocity, 

Minor & Major surface 

cracks are present in 

panel) 

 

 

1. 2482 

2. No Reading 

3. 2197 

4.No Reading 

P14-P15 

Panel-3 
 

(There is High  

variation in velocity, 

Minor & Major surface 

cracks are present in 

panel) 

 

No reading because of 

major cracks & 

Honeycombing 

 

 

1. 2806 

2. 2403 

3. 3206 

4. 2762 
 

P11-P12 

Panel-24 
 

(There is low variation 

in velocity, only minor 

surface cracks are 

present in panel) 
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A. Analysis of uniformity and imperviousness of concrete on the basis of USPV test results:- 
 

USPV makes possible an examination of material homogeneity. Analyzing the ultrasonic velocity wave 

propagation variations, it is possible to verify the compact of the structure or detect heterogeneous regions. 

The ultrasonic test methodology in concrete is based on the fact that the propagation time expresses the 

density of the material. Histogram of USPV test results is analyzed in same pattern as rebound hammer is 

done but basic difference is that USPV results are interrelated in terms of density and rebound hammer 

results are interrelated in terms of surface hardness. It has non-uniform concrete quality in terms of density. 

There are indications of air-pockets and voids as significant from USPV test results as per IS: 13311 part 

1. Statistical data says that over all concrete has varied grade quality of density pattern. 

 

 
    Fig. 23.Shows the Histogram plot for USPV numbers 
 

 

Total No. of Test 

Location on panels 
Min. Max. Mean Mode Median 

Standard 

Deviation 

S/P 

102 1.99 5.01 3.61 3.74 3.49 0.54 
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           Fig. 24.Statistical Analysis of UPV test results on panel 
 

 

 

CONCRETE QUALITY GRADING FOR PANLES 

Excellent -    6% 

Good -    55% 

Medium -    31% 

Doubtful -    8% 

Note- This is prepared on the basis of UPV test results as per IS: 

13311 part 1 

 

 

 

 

 

 

 

 

6% 

31% 

55% 

8% 

STATISTICAL ANALYSIS OF UPV TEST RESULTS 

ON PANELS 

Pulse velocity by cross

probing

Below 3 km/s

3.0 - 3.5 km/s

3.5 - 4.5 km/s

Above 4.5 km/s



Repair & Rehabilitation of ROB NandNagri Flyover 

 

Page 53       CONSTRUMA CONSULTANCY PVT. LTD. 

4.2 REBOUND HAMMER TEST:- 

Purpose:- 

This test gives a measure of the surface hardness of the concrete surface. Although there is no direct 

relationship between this measurement of surface hardness and strength, an empirical relationship exists. 

Rebound hammer is the best known methods of comparing the concrete in different parts of a structure 

and indirectly assessing concrete strength. The rebound hammer should be considered as a means of 

assessing variations of strength within a structure rather than an accurate means of assessing the strength. 

Objective of testing:- 

Rebound hammer test is performed to determine the following: 

 Surface hardness 

 Uniformity of concrete over the structure 

 Grade of concrete 

 Estimated strength which is derived from establishing a relationship between in-situ core strength 

and rebound number. 

References:- 

 BS 6089:1981 and BS 1881:Part 202, 

 IS13311(Part2):1992 

 ASTM C 805-02 

Influencing factors:- 

Rebound hammer test results are considerably influenced by these factors: 

 Size, shape and rigidity of the specimen 

 Age of test specimen 

 Smoothness of surface and internal moisture condition of the concrete 

 Carbonation of concrete surface 

Testing Method:- 

According to ASTM C 805-02 clause 7.1 the concrete members to be tested shall be at least 100mm thick 

and fixed within a structure. Toweled surfaces generally exhibit high rebound numbers than screed or 

formed finishes. Do not compare the test results if the form material against which the concrete is placed is 

not similar. 

Heavily textured, soft or surfaces with loose mortar shall be ground flat with abrasive stone. Smooth 

formed or toweled surfaces do not have to be ground prior to testing. 
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Also this test is not conducted directly over the reinforcing bars having cover less than 20mm. The surface 

under test should be clean and smooth because rough surfaces cannot be tested as they do not give reliable 

results. Dirt or other loose material on the surface can be removed using a grinding stone prior to test. 

Test results analysis of the Rebound Number values is based on test results conducted over concrete 

surfaces. Obtained test results explain about pattern of concrete quality of whole structure sections in terms 

of surface hardness. So there is no indication of blistering of concrete surface as per IS 13311 (Part- 2)-

1992. Estimated strength of concrete calculated from rebound hammer number is based on correlation 

graph between core strength v/s corresponding rebound hammer values. Rebound hammer has been carried 

out in all three directions horizontal, vertical down and vertical up. By using manufacturer graph, all 

vertical up/vertical down rebound hammer readings has been converted into the equivalent horizontal 

readings. Histogram plot of the Rebound Number values is based on test results conducted over concrete 

surfaces. Histogram plot explains about pattern of concrete quality of whole structure sections in terms of 

surface hardness. Rebound number helps to obtained Estimation of Strength of concrete from correlation 

between Rebound Hammer V/S Core Compressive strength. Estimated strength of concrete (obtained from 

correlation between Rebound Hammer V/S Core Compressive strength in table & fig) is explained in the 

table 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                 Fig. 25.The graph between the Rebound value and Core compressive strength of concrete
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Rebound hammer relevant testing code:- 
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TEST CERTIFICATE: - REBOUND HAMMER TEST 

Quality Assurance in Concrete using Non Destructive Testing 

Client: PWD, DELHI                                                     Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

Non Destructive Testing at Nand Nagri Flyover 

S. No./Location Rebound Hammer Test 

SL. 

No. 

Sample 

Identification/ 

Location 

Hammer 

Alignment 
Rebound No. Points 

Avg. 

Rebound 

No. 

Quality Of 

Concrete 

Estimated 

Strength 

(MPa) 

DECK SLAB 

1 P-9,P-10, PNL-18 
Vertical 

Up 
42 44 44 46 44 46 44 

Good 

Layer 
25 

2 P-9,P-10, PNL-18 
Vertical 

Up 
54 52 52 56 54 58 54 

Very Good 

Layer 
34 

3 P-9,P-10, PNL-15 
Vertical 

Up 
52 50 52 54 52 56 53 

Very Good 

Layer 
33 

4 P-9,P-10, PNL-6 
Vertical 

Up 
50 52 52 54 56 52 53 

Very Good 

Layer 
33 

5 P-8,P-9, PNL-27 
Vertical 

Up 
54 58 56 54 54 58 56 

Very Good 

Layer 
35 

6 P-8,P-9, PNL-18 
Vertical 

Up 
44 40 40 38 40 42 41 

Good 

Layer 
22 

7 P-8,P-9, PNL-3 
Vertical 

Up 
52 52 56 54 56 56 54 

Very Good 

Layer 
34 

8 P-7,P-8, PNL-25 
Vertical 

Up 
58 58 52 54 52 52 54 

Very Good 

Layer 
34 

9 P-7,P-8, PNL-17 
Vertical 

Up 
54 56 52 58 54 56 55 

Very Good 

Layer 
35 

10 P-7,P-8, PNL-20 
Vertical 

Up 
56 58 58 56 52 60 57 

Very Good 

Layer 
36 

11 P-7,P-6, PNL- 
Vertical 

Up 
42 44 44 46 42 42 43 

Good 

Layer 
25 

12 P-7,P-6, PNL-13 
Vertical 

Up 
38 40 36 36 38 36 37 Fair Layer 19 

13 P-7,P-8, PNL-15 
Vertical 

Up 
58 56 56 60 58 54 57 

Very Good 

Layer 
37 

14 P-5,P-6, PNL-25 
Vertical 

Up 
46 46 44 42 44 46 45 

Good 

Layer 
26 

15 P-5,P-6, PNL-19 
Vertical 

Up 
56 58 54 56 58 58 57 

Very Good 

Layer 
36 

16 P-5,P-6, PNL-11 
Vertical 

Up 
58 58 56 58 60 56 58 

Very Good 

Layer 
37 

17 P-5,P-6, PNL-4 
Vertical 

Up 
46 40 42 44 46 46 44 Good Layer 25 

18 P-5,P-6, PNL-5 
Vertical 

Up 
54 58 58 52 54 50 54 

Very Good 

Layer 
34 

19 P-5,P-6, PNL-2 
Vertical 

Up 
32 34 32 34 36 38 34 Fair Layer 17 

20 P-11,P-12, PNL-18 
Vertical 

Up 
54 56 54 58 58 56 56 

Very Good 

Layer 
36 

21 P-11,P-12, PNL-17 
Vertical 

Up 
48 50 48 46 50 52 49 

Good 

Layer 
29 

22 P-11,P-12, PNL-24 
Vertical 

Up 
48 52 52 54 52 50 51 

Very Good 

Layer 
32 

23 P-11,P-12, PNL-16 
Vertical 

Up 
54 58 58 56 54 58 56 

Very Good 

Layer 
36 
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24 P-11,P-12, PNL-13 
Vertical 

Up 
40 38 38 44 40 40 40 

Fair 

Layer 
21 

25 P-11,P-12, PNL-14 
Vertical 

Up 
42 38 40 42 44 44 42 

Good 

Layer 
23 

26 P-11,P-12, PNL-12 
Vertical 

Up 
42 40 40 42 44 44 42 

Good 

Layer 
23 

27 P-11,P-12, PNL-5 Vertical Up 44 48 46 44 50 48 47 
Good 

Layer 
27 

28 P-11,P-12, PNL-4 Vertical Up 52 56 56 54 58 56 55 
Very Good 

Layer 
35 

29 P-11,P-12, PNL-6 Vertical Up 50 52 54 48 52 52 51 
Very Good 

Layer 
32 

30 P-10,P-11, PNL-26 Vertical Up 50 52 52 54 54 52 52 
Very Good 

Layer 
32 

31 P-10,P-11, PNL-19 Vertical Up 52 52 56 54 54 54 54 
Very Good 

Layer 
34 

32 P-10,P-11, PNL-20 Vertical Up 48 48 52 52 50 50 50 
Very Good 

Layer 
30 

33 P-10,P-11, PNL-9 Vertical Up 54 54 56 56 52 52 54 
Very Good 

Layer 
34 

34 P-11,P-12, PNL-41 Vertical Up 54 54 56 56 56 52 55 
Very Good 

Layer 
34 

35 P-11,P-12, PNL-34 Vertical Up 56 56 54 54 54 54 55 
Very Good 

Layer 
34 

36 P-12,P-13, PNL-13 Vertical Up 56 58 58 56 56 58 57 
Very Good 

Layer 
37 

37 P-12,P-13, PNL-12 Vertical Up 60 60 58 58 58 56 58 
Very Good 

Layer 
38 

38 P-12,P-13, PNL-5 Vertical Up 58 56 56 54 54 56 56 
Very Good 

Layer 
35 

39 P-12,P-13, PNL-6 Vertical Up 54 52 54 56 54 54 54 
Very Good 

Layer 
34 

40 P-12,P-13, PNL-2 Vertical Up 54 56 54 58 56 58 56 
Very Good 

Layer 
36 

41 P-12,P-13, PNL-9 Vertical Up 58 58 60 58 56 58 58 
Very Good 

Layer 
37 

42 P-12,P-13, PNL-5 Vertical Up 58 56 58 54 52 58 56 
Very Good 

Layer 
36 

43 P-12,P-13, PNL-3 Vertical Up 48 46 52 46 50 46 48 
Good 

Layer 
29 

44 P-12,P-13, PNL-4 Vertical Up 50 50 52 54 56 52 52 
Very Good 

Layer 
32 

45 P-12,P-13, PNL-11 Vertical Up 56 54 56 58 54 56 56 
Very Good 

Layer 
35 

46 P-12,P-13, PNL-20 Vertical Up 58 60 58 54 56 58 57 
Very Good 

Layer 
37 

47 P-12,P-13, PNL-27 Vertical Up 52 54 48 48 50 54 51 
Very Good 

Layer 
31 

48 P-12,P-13, PNL-19 Vertical Up 50 52 54 50 52 52 52 
Very Good 

Layer 
32 

49 P-12,P-13, PNL-26 Vertical Up 50 52 48 48 50 52 50 
Very Good 

Layer 
30 

50 P-12,P-13, PNL-25 Vertical Up 58 56 54 54 56 56 56 
Very Good 

Layer 
35 

51 P-12,P-13, PNL-24 Vertical Up 50 48 48 46 50 50 49 
Good 

Layer 
29 

52 P-19,P-20, PNL-11 Vertical Up 58 60 58 54 54 52 56 
Very Good 

Layer 
36 

53 P-19,P-20, PNL-10 Vertical Up 56 58 58 54 56 54 56 
Very Good 

Layer 
36 

54 P-19,P-20, PNL-3 Vertical Up 50 48 46 48 50 52 49 
Very Good 

Layer 
29 

55 P-19,P-20, PNL-17 Vertical Up 58 58 54 56 54 60 57 
Very Good 

Layer 
36 
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56 P-13,P-14, PNL-10 Vertical Up 52 52 54 56 54 52 53 
Very Good 

Layer 
33 

57 P-13,P-14, PNL-11 Vertical Up 48 50 50 52 48 54 50 
Very Good 

Layer 
31 

58 P-13,P-14, PNL-17 Vertical Up 50 46 48 46 52 50 49 
Good 

Layer 
29 

59 P-13,P-14, PNL-18 Vertical Up 52 54 54 50 56 56 54 
Very Good 

Layer 
34 

60 P-13,P-14, PNL-19 Vertical Up 54 56 52 52 50 52 53 
Very Good 

Layer 
33 

61 P-13,P-14, PNL-26 Vertical Up 54 54 50 52 56 56 54 
Very Good 

Layer 
34 

62 P-13,P-14, PNL-25 Vertical Up 40 42 42 40 44 38 41 
Fair 

Layer 
22 

63 P-13,P-14, PNL-24 Vertical Up 54 52 54 50 54 54 53 
Very Good 

Layer 
33 

64 P-14,P-15, PNL-9 Vertical Up 52 50 50 54 52 52 52 
Very Good 

Layer 
32 

65 P-14,P-15, PNL-3 Vertical Up 40 40 38 42 42 40 40 
Very Good 

Layer 
22 

66 P-14,P-15, PNL-12 Vertical Up 52 54 52 50 54 52 52 
Very Good 

Layer 
32 

67 P-14,P-15, PNL-18 Vertical Up 54 54 56 58 56 54 55 
Very Good 

Layer 
35 

68 P-15,P-16, PNL-16 Vertical Up 58 54 56 56 54 52 55 
Very Good 

Layer 
35 

69 P-15,P-16, PNL-26 Vertical Up 50 50 48 48 52 50 50 
Very Good 

Layer 
30 

70 P-15,P-16, PNL-25 Vertical Up 58 56 58 60 54 58 57 
Very Good 

Layer 
37 

71 P-16,P-17, PNL-17 Vertical Up 58 60 60 58 56 58 58 
Very Good 

Layer 
38 

72 P-16,P-17, PNL-18 Vertical Up 58 60 54 58 56 56 57 
Very Good 

Layer 
37 

73 P-16,P-17, PNL-25 Vertical Up 42 44 40 40 42 40 41 
Good 

Layer 
23 

74 P-17,P-18, PNL-10 Vertical Up 56 56 52 54 58 54 55 
Very Good 

Layer 
35 

75 P-17,P-18, PNL-17 Vertical Up 40 42 40 42 44 40 41 
Good 

Layer 
23 

76 P-17,P-18, PNL-25 Vertical Up 28 30 32 30 34 32 31 Fair 14 

77 P-17,P-18, PNL-26 Vertical Up 26 30 34 36 32 30 31 Fair  14 

78 P-17,P-18, PNL-18 Vertical Up 24 30 28 30 30 28 28 Fair 11 

79 P-18,P-19, PNL-3 Vertical Up 38 40 44 44 42 44 42 
Good 

Layer 
23 

80 P-18,P-19, PNL-11 Vertical Up 48 50 46 46 50 46 48 
Good 

Layer 
28 

81 P-18,P-19, PNL-4 Vertical Up 42 38 38 40 36 38 39 Good Layer 20 

82 P-18,P-19, PNL-2 Vertical Up 48 48 44 44 46 48 46 
Good 

Layer 
27 

83 P-20,P-21, PNL-13 Vertical Up 48 52 50 52 48 48 50 
Good 

Layer 
30 

84 P-20,P-21, PNL-27 Vertical Up 46 44 44 46 48 44 45 
Good 

Layer 
26 

85 P-20,P-21, PNL-6 Vertical Up 48 46 50 48 48 46 48 
Good 

Layer 
28 

86 P-20,P-21, PNL-12 Vertical Up 48 46 48 50 50 46 48 
Good 

Layer 
29 



Repair & Rehabilitation of ROB NandNagri Flyover 

Page 59       CONSTRUMA CONSULTANCY PVT. LTD. 

87 P-20,P-21, PNL-23 Vertical Up 50 50 48 46 48 46 48 
Good 

Layer 
29 

88 P-21,P-22, PNL-18 Vertical Up 42 46 46 44 48 44 45 
Good 

Layer 
26 

89 P-21,A-2, PNL-6 Vertical Up 44 48 46 48 50 54 48 
Good 

Layer 
29 

90 P-22,A-2, PNL-6 Vertical Up 48 46 48 50 46 48 48 
Good 

Layer 
28 

91 P-22,A-2, PNL-3 Vertical Up 48 46 48 50 46 48 48 
Good 

Layer 
28 

92 P-22,A-2, PNL-23 Vertical Up 50 52 48 48 50 50 50 
Very Good 

Layer 
30 

93 P-4,P-5, PNL-10 Vertical Up 42 44 44 46 48 46 45 
Good 

Layer 
26 

94 P-4,P-5, PNL-5 Vertical Up 48 50 50 46 46 48 48 
Good 

Layer 
29 

95 P-4,P-5, PNL-27 Vertical Up 46 48 50 48 50 52 49 
Good 

Layer 
29 

96 P-3,P-4, PNL-26 Vertical Up 52 50 50 48 50 48 50 
Very Good 

Layer 
30 

97 P-3,P-4, PNL-23 Vertical Up 42 44 46 46 44 48 45 
Good 

Layer 
26 

98 P-3,P-4, PNL-9 Vertical Up 44 46 48 44 50 48 47 
Good 

Layer 
27 

99 P-2,P-3, PNL-23 Vertical Up 48 50 50 48 46 48 48 
Good 

Layer 
29 

100 P-2,P-3, PNL-9 Vertical Up 48 52 54 52 50 48 51 
Very Good 

Layer 
31 

101 P-2,P-3, PNL-3 Vertical Up 50 52 52 48 48 46 49 
Very Good 

Layer 
30 

102 P-1,P-2, PNL-23 Vertical Up 50 44 44 46 48 46 46 
Good 

Layer 
27 

103 P-1,P-2, PNL-16 Vertical Up 46 46 48 46 44 48 46 
Good 

Layer 
27 

104 P-1,P-2, PNL-11 Vertical Up 48 48 50 46 44 46 47 
Good 

Layer 
28 

105 P-1,A-1, PNL-25 Vertical Up 42 38 40 38 42 40 40 Good Layer 22 

106 P-1,A-1, PNL-27 Vertical Up 44 46 46 48 46 50 47 
Very Good 

Layer 
27 

107 P-1,A-1, PNL-11 Vertical Up 52 50 50 48 48 50 50 
Very Good 

Layer 
30 

108 P-1,A-1, PNL-12 Vertical Up 50 48 52 48 48 50 49 
Very Good 

Layer 
30 

109 P-1,A-1, PNL-2 Vertical Up 46 46 48 52 50 50 49 
Good 

Layer 
29 

PIER 

110 P11 Horizontal 46 48 46 46 48 50 47 
Very Good 

Layer 
39 

111 P12 Horizontal 50 48 44 56 48 52 50 
Very Good 

Layer 
43 

112 P13 Horizontal 48 48 50 44 48 46 47 
Very Good 

Layer 
39 

113 P14 Horizontal 48 48 46 48 48 48 48 
Very Good 

Layer 
41 

114 P17 Horizontal 52 48 46 44 48 46 47 
Very Good 

Layer 
39 

115 P18 Horizontal 42 44 48 48 48 46 46 
Very Good 

Layer 
38 

116 P20 Horizontal 46 48 50 42 48 48 47 
Very Good 

Layer 
39 
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117 P8 Horizontal 42 44 48 48 48 46 46 
Very Good 

Layer 
38 

118 P5 Horizontal 50 48 48 46 44 48 47 
Very Good 

Layer 
39 

119 P3 Horizontal 46 48 50 50 48 46 48 
Very Good 

Layer 
41 

ABUTMENT 

120 A1 Horizontal 48 46 50 50 48 46 48 
Very Good 

Layer 
41 

121 A2 Horizontal 44 46 48 44 48 50 47 Very Good 39 

Rebound Hammer (IS: 13311 part 2):- Surface Hardness indices value should be more than 30 Rebound 

Numbers to get correlation with estimated strength, uniformity of concrete. 
 

 

 

 

Interpretation of RCC Surface condition, uniformity of concrete and fck value of concrete obtained 

from Rebound hammer:- 

Test results analysis of the Rebound Number values are based on test results conducted over 

concrete surfaces. Obtained test results explain about pattern of concrete quality as a whole structure 

in terms of surface hardness. 

Statistical data shows that percentage indicating the quality of concrete is order of minimum M11 

to maximum of M38, where only at very few locations found the grade was below M20. 

Concrete surfaces are not suffered from surface hardness problem. This indication of low grade 

of concrete is due to the presence of cracks, honeycombing, spalling at particular locations as 

observed. 

HISTOGRAM PLOT FOR AVG. REBOUND NOS. 

 
         Fig. 26.Bar graph showing the relationship between class interval number  

         and frequency
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Total No. of Test Location 

on the panels 
Min. Max. Mean Mode Median 

Standard 

Deviation 

S/P 

109 28 58 49.78 56 50 6.23 

 

*Note: Total no of test sample = Sum of frequency 
 

 

 
 

Fig. 27.Piechart depicting the estimated compressive strength 

 
 

 

 

   

Total No. of Test Location 

on the panels 
Min. Max. Mean Mode Median 

Standard 

Deviation S/P 

109 11 38 30.15 29 30 5.49 

5% 

12% 

34% 
32% 

17% 

STATISTICAL ANALYSIS OF 

ESTIMATED COMPRESSIVE 

STRENGTH 

11 - 20 Mpa

21 - 25 Mpa

26 - 30 Mpa

31 - 35 Mpa

36 - 40 Mpa
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4.3 COVER DEPTH TEST: 
Conducting cover meter test at selected locations on RCC members of the structures covered under the 

study to see the adequacy of concrete cover to rebar’s and effect of carbonation by using Profometer to 

cross check whether the cover as per IRC:112 is sufficient or not. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

COVER DEPTH MESUREMENT 

Client: PWD, DELHI                                             Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

Non Destructive Testing at NandNagri Flyover 

Sr. No. Sample Identification/Location  Cover (mm) Remark 

1 P-9,P-10 (Panel-18) 40-45 Sufficient cover depth 

2 P-8,P-9 (Panel-20) 42-48 Sufficient cover depth 

3 P-7,P-6 (Panel-27) 40-45 Sufficient cover depth 

4 P-5,P-6 (Panel-4) 40-45 Sufficient cover depth 

5 P-10,P-11 (Panel-26) 40-45 Sufficient cover depth 

6 P-12,P-13 (Panel-13) 40-45 Sufficient cover depth 

7 P-12,P-13 (Panel-26) 42-48 Sufficient cover depth 

8 P-12,P-13 (Panel-24) 40-45 Sufficient cover depth 

9 P-13,P-14 (Panel-10) 40-45 Sufficient cover depth 

10 P-13,P-14 (Panel-19) 40-45 Sufficient cover depth 

11 P-14,P-15 (Panel-3) 40-45 Sufficient cover depth 

12 P-15,P-16 (Panel-16) 40-45 Sufficient cover depth 

13 P-17,P-18 (Panel-10) 40-45 Sufficient cover depth 

14 P-17,P-18 (Panel-25) 40-45 Sufficient cover depth 

15 P-18,P-19 (Panel-3) 40-45 Sufficient cover depth 

16 P-19,P-20 (Panel-13) 40-45 Sufficient cover depth 

17 P-21,A-2 (Panel-18) 40-45 Sufficient cover depth 

18 P-4,P-5 (Panel-27) 44-50 Sufficient cover depth 

19 P-3,P-4 (Panel-23) 40-45 Sufficient cover depth 

20 P-1,P-2 (Panel-16) 40-45 Sufficient cover depth 

21 P-1,A-1 (Panel-25) 40-45 Sufficient cover depth 

22 P-1,A-1 (Panel-12) 40-45 Sufficient cover depth 

23 P-2,P-3 (Panel-18) 45-50 Sufficient cover depth 

24 P-2,P-3 (Panel-4) 42-48 Sufficient cover depth 

25 P8 85-90 Sufficient cover depth 

26 P11 85-90 Sufficient cover depth 

27 P20 100-110 Sufficient cover depth 

28 P18 80-90 Sufficient cover depth 

29 A1 115-125 Sufficient cover depth 

30 A2 85-95 Sufficient cover depth 

The clear cover provided in panels as per the received drawings is 40mm. 
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4.4 CHEMICAL TEST: 

Generally cast-in chlorides are chemically bound within the cement matrix and don’t migrate through the 

concrete, while chlorides in-grassed are substantially free to move and diffuse through the pore solution 

into cement matrix and leads to corrosion in RCC. It is important to note that whether free chloride ions 

are leading to chloride-induced corrosion of the reinforcement or not. 

Chloride (water soluble) % mass of concrete (IS: 14959 (Part 2) – 2001, B.S. 5328) 

 

CHEMICAL TEST RESULTS 

Client: PWD, DELHI                                                Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

Quality Assurance in Concrete of NandNagri Flyover, North East Delhi 

Sr. No./Location CHEMICAL ANALYSIS OF CONCRETE  

Sr. 

No. 
Sample Identification 

pH 

Value 
Impression 

Sulphate  

(%) 
Impression 

Chloride  

(%) 
Impression 

1 P3-P4 (Panel 9) 12 Alkaline 0.85 Low 0.034 Low 

2 P10-P11 (Panel 17) 11.5 Alkaline 0.75 Low 0.042 Low 

3 P11-P12 (Panel 17) 11 Alkaline 0.67 Low 0.032 Low 

4 P12-P13 (Panel 19) 10.5 Alkaline 0.81 Low 0.034 Low 

5 P13-P14 (Panel 9) 12.5 Alkaline 0.77 Low 0.032 Low 

6 P13-P14 (Panel 19) 11.5 Alkaline 0.69 Low 0.034 Low 

7 P17-P18 (Panel 19) 11 Alkaline 0.76 Low 0.023 Low 

8 P21-A2 (Panel-27) 11.5 Alkaline 0.69 Low 0.040 Low 

9 P13 (Pier) 12 Alkaline 0.77 Low 0.026 Low 

10 A1 (Abutment) 12 Alkaline 0.73 Low 0.028 Low 

Chloride % - (IS: 14959 (Part 2) – 2001, B.S. 5328) and (IS 456:2000) 

Sulphate % - (IS: 4032) (IS 456:2000) – less than 4% 

pH Value     - (BS 4248) – Not less than 8  

Test Results Interpretation:-  

 PH value of concrete having Maximum of 12.5 & Minimum of 10.5. 

 Chloride percent in concrete is the Low Risk level (Maximum 0.042 & Minimum 0.023) 

 Sulphate percent in concrete is the Low Risk level (Maximum 0.85 & Minimum 0.67) 
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4.5 CARBONATION TEST: 

Concrete cover layer acts as a good protective layer for the reinforcement. When whole Protective 

layer/cover depth is carbonated as per carbonation (B.S 4248) deterioration of structure will fall in 

deterioration period with linear rate. So full carbonated cover depth removal is mandatory to protect the 

steel bar from further corrosion and we have to increase the thickness of cover depth to protect the steel 

from futuristic corrosion. 

 

 
      Fig .28.The image shows the entry of CO2 and its reaction with the underlying steel 

 

Quality Assurance in Concrete using Non Destructive Testing 

NAND NAGRI FLYOVER 

Client: PWD, DELHI                                                  Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

CARBONATION DEPTH 

Sr. 

No. 

Sample Identification / 

Location 
Carbonation Depth (mm) Remark 

1 P3-P4 (Panel 9) 12 Less than Cover 

2 P10-P11 (Panel 17) 11 Less than Cover 

3 P11-P12 (Panel 17) 10 Less than Cover 

4 P12-P13 (Panel 19) 16 Less than Cover 

5 P13-P14 (Panel 09) 8 Less than Cover 

6 P13-P14 (Panel 19) 10 Less than Cover 

7 P17-P18 (Panel 19) 9 Less than Cover 

8 P21-A2 (Panel-27) 10 Less than Cover 

9 P 13 (Pier) 11 Less than Cover 

10 A1 (Abutment) 10 Less than Cover 

Carbonation (BS 4248): - If depth of carbonation is less than cover depth, but the concrete surface has started its 

carbonation; Degradation rate will be accelerated. 
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4.6 CONCRETE CORE EXTRACTION: 

Purpose:- 

This test is known as a confirmatory test to get the idea about the compressive strength of the existing 

concrete. Core compressive strength is the best known methods of getting the in-situ concrete 

compressive strength in different parts of a structure at present time and indirectly assessing the fckvalue 

of concrete. 

Objective:- 

 Compressive strength (Grade) of concrete 

 fck value of concrete 

 Estimated strength which is derived from establishing a relationship between in-situ core strength 

and rebound number. 

References:- 

 IRC 112:2011 

 IS 516:1959 

 IS 1199:1959 

 ASTMC-42 

 IS 456:2002 

Influencing factors:- 

 

 Age of test specimen 

 Internal Voids/honeycombing 

 Carbonation of concrete surface 

 

Testing Procedure:- 

Diameter of core size: - The general rule adopted for fixing the core size, besides the L/D ratio, is the 

nominal size of stone aggregate and the diameter should be not less than 3 times the maximum size of 

stone aggregate. Reference ASTM C-42 article clause number 6.1 and part 4 of IS: 1199-1959. 

L/D ratio: Its value should be minimum 0.95 and maximum 2 (without capping but after trimming). 

Higher ratio would cause a reduction in strength. L/d of extracted core after capping should be1 < L/d 

<2. 

Capping size should be 0.5% of core diameter. It depends upon diameter of core.   

Reference code: - IS 516: 1959 Article clause number 4.3 and ASTM C-42 article clause number 

6.1 and 6.5 

Drilling operations: The strength of cores is generally less than that of standard cylinders, partly as a 

consequence of disturbance due to vibrations during drilling operations. It disturbs the micro-structure of 

concrete core (body centered cubic) so it affects the bonding between aggregate to aggregate (directly 
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strength of concrete). Whatever best precautions are taken during drilling; there is always a risk of slight 

damage. Machine should be installed on separate platform to avoid vibration. Here testing house has 

used hand operated (eccentricity problem) core extraction machines (it is evident in submitted report). 

Reference code: - ASTM C-42 Article clause number: - 4.1.1 

  
Compressive Strength of Concrete Core:- 
 

Sample has been taken from best locations as well as from most deteriorated places to get mixed idea 

about the existing strength of concrete. Strength level of the concrete and the disturbance of the specimen 

caused by drilling operation are the most important factors influencing the strength of cores. Obtained 

concrete cores don’t have had any sort of cracks. Concrete core was not extracted from damaged/cracked 

part of RCC. Minimum grade of concrete for RCC work is M20 as per the code IS456:2000. Equivalent 

cubic strength of concrete (IS 516:1991) obtained from core test results are explained in the table 1 

(concrete core test results) 

 
 

 Reference for Test results of concrete core tests 

1 Site location where core was extracted. 

2 Diameter of extracted core Sample 

3 Length of prepared core sample after trimming & capping. 

4 Ratio of prepared core length and diameter Ratio (Core Length / Core Diameter). 

5 Top Surface Area of Core Sample (πr
2
) 

6 Failure Load obtained from CTM machine in kN. 

7 Cylindrical Compressive Strength is (Failure Load / Loading Surface Area) 

8 Correction factor obtained from Code (IS 516: 1959/1991) = 0.1* (L/D ratio) + (0.8) 

9 Equivalent cube strength = (Cylindrical Compressive Strength) * (Correction Factor) *    

(1.25) 

10 In-situ Strength of Concrete = Equivalent cube strength / 0.85 
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COMPRESSIVE STRENGTH OF CONCRETE 

Quality Assurance in Concrete using Non Destructive Testing 

Compressive Strength of Concrete: Concrete Core (IS516: 1959/1991)  

Client: PWD, DELHI                                                 Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

Non Destructive Testing at NandNagri Flyover 

Sr. 

No 

Identification 

mark/Serial 

No 

Dia of 

core (d 

in mm) 

Core 

Length 

(l in mm) 

l/d 

ratio 

Loading 

surface 

area (m
2
) 

Failure load 

(kN) 

Cylindrical 

compressive 

strength  

(MPa) 

Correction 

factor 

Equivalent 

cube 

strength 

(MPa) 

1 
P3-P4  

(Panel 9) 
75 89 1.19 0.00442 151.80 34.35 0.9187 39 

2 
P10-P11 

(Panel 17) 
75 92 1.23 0.00442 127.70 28.89 0.9227 33 

3 
P11-P12 

(Panel 17) 
75 83 1.11 0.00442 136.8 30.95 0.9107 35 

4 
P12-P13 

(Panel 19) 
75 88 1.17 0.00442 120.9 27.36 0.9173 31 

5 
P13-P14 

(Panel 09) 
75 76 1.01 0.00442 152.2 34.44 0.9013 39 

6 
P13-P14 

(Panel 19) 
75 110 1.47 0.00442 159.7 36.13 0.9467 43 

7 
P17-P18 

(Panel 19) 
75 85 1.13 0.00442 145.8 32.99 0.9133 38 

8 
P21-A2 

(Panel-27) 
75 94 1.25 0.00442 149.20 33.76 0.9253 39 

9 
P 13  

(Pier) 
75 93 1.24 0.00442 138.6 31.36 0.9240 36 

10 
A1 

(Abutment) 
75 88 1.17 0.00442 158.30 35.82 0.9173 41 

Codal Procedure:  

 Cylindrical compressive strength (MPa) = Failure load (kN)/ Loading surface area (m
2
 = π.d

2
/4). 

 Correction factor = IS Code 516:1959 Page no 12 fig 1.  

 Equivalent cube strength (MPa) = Cylindrical compressive strength * 1.25. 

 Concrete construction should be considered structurally adequate if average of three cores from questionable 

region/sections is equal to or exceed the 85% of specified strength as per ACI 318.  

Interpretation of concrete core test results: - The Equivalent cube compressive strength obtained for the cores 

ranges from 31 MPa to 43 MPa for panels, 41 MPa for abutments and 36MPa for Piers. 

Average Grade of Concrete: M37 in RCC Panels. 



Repair & Rehabilitation of ROB NandNagri Flyover 

Page 68       CONSTRUMA CONSULTANCY PVT. LTD. 

 

Rebound hammer and corresponding Core strength for correlation to estimate 

strength of concrete 
 

Sr. No Sample Location 
Equivalent cubic 

strength obtained from 
core test (MPa) 

Correspondent rebound number 
at same location core has been 

taken 

1 P3-P4 (Panel 9) 39 46 

2 P10-P11 (Panel 17) 33 43 

3 P11-P12 (Panel 17) 35 44 

4 P12-P13 (Panel 19) 31 42 

5 P13-P14 (Panel 09) 39 46 

6 P13-P14 (Panel 19) 43 53 

7 P17-P18 (Panel 19) 38 45 

8 P21-A2 (Panel-27) 39 46 

9 P 13 (Pier) 36 43 

10 A1 (Abutment) 41 52 

 

 

 

 

 
Fig 29.Graph correlating the rebound values and core strength for estimated strength of concrete 

  

Rebound Hammer Tests were separately performed where Core           

                                     Tests were executed 
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 4.7. CRACK PATTERN ANALYSIS: 

Ultrasonic Sonic Pulse Velocity was used to investigate the phenomenon of crack propagation in 

existing cracked concrete surface. Ultrasonic was used to measure the crack depth. In this study, 

the path travelled time method was used to check the depth of crack. The crack depth was 

measured at the center of crack line along with its corner points (left & right) as shown in 

picture. 

There are two type of crack.  

The initiation and propagation of crack in concrete represent the change of self-load state.  A 

thorough observation of the crack and readings of ultrasonic pulse velocity in concrete element 

helps find out the direction of crack development. There are two possibilities to be developed the 

crack either perpendicular or inclined on the concrete surface. 

 

 

 

      

 

 

 

     

               Fig .30.Transducers kept at equal intervals from the crack on either side of it 

 

 

 

 

 

 

 

 

 
            Fig 31.The change in the position of transducer 

Principal of Test:  

The principle of crack detection using the test system described is to time of flight techniques. 

A signal emitted by the transducer will be detected after a certain travel time and with a certain 

amplitude or energy, respectively (refer Fig.30).  

We placed transducers near to the crack and on opposite side of it. We moved one of them 
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away from the crack line (shown in fig 31). If transit time decreases this indicates that the crack 

slopes towards the direction in which the transducer was moved. We decrement in time was 

minor so we found that crack is perpendicular to its concrete surface.   

For measuring perpendicular crack depth: 

If a surface crack with a tip depth C is present between emitter and sensor, 

 

 

Crack Depth = C = 

 

 

 

                      Photo 62. UPV meter showing T1 and T2 readings  

Where First value of X is chosen T1 and second value is T2 and transit times corresponding to 

these be T1 and T2 respectively.   

TEST CERTIFICATE FOR CRACK WIDTH MEASUREMENT 

Quality Assurance in Concrete using Non Destructive Testing 

Ultrasonic Pulse Velocity (IS: 13311 Part 1) 

NAND NAGRI FLYOVER 

Client: PWD, DELHI                                                     Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

Quality Assurance in Concrete of Nand Nagri Flyover, North East Delhi 

SL. 

No. 

Sample 

Identification/Location 
X  (mm) T1 (µs) T2 (µs) Crack Depth (mm) 

Crack Width 

(mm) 

1 P6-P7 (Panel-13) 100 3.04 4.09 164 0.1mm 

2 P11-P12 (Panel-12) Major Crack No Reading 1.2 mm 

3 P12-P13 (Panel-26) 100 117.9 199.70 78 0.3mm 

4 P12-P13 (Panel-24) 100 149.7 179.70 241 1.1mm 

5 P16-P17 (Panel-25) 100 99.7 198.00 14 0.1mm 

6 P17-P18 (Panel-17) 100 85.6 132.20 108 0.5mm 

7 P20-P21 (Panel-13) 100 113.4 212.00 45 0.3mm 

8 P13-P14 (Panel-25) 100 71.4 134.00 44 0.1mm 

Test Results Interpretation (IS: 13311 Part 1):- Major & Minor cracks observed in panels of deck slab. 
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4.8 THICKNESS MEASUREMENT: 

Thickness measurement used to check steel thickness reduction due to corrosion as per ASTM 

E797/E 797M by compare actual thickness with thickness reading. 

 
Fig .32Graph showing the relation between actual thickness and thickness reading  

TEST CERTIFICATE THICKNESS MEASUREMENT 
 

Quality Assurance in Steel Members using Non Destructive Testing 

Thickness Measurement (ASTM E797/E 797M) 

Nand Nagri Flyover 

Client: PWD, DELHI                                              Consultant: - CONSTRUMA CONSULTANCY PVT. LTD. 

SL. 

No. 

Sample 

Identification/Location 
Actual Thickness (mm) 

Thickness Reading 

(mm) 
Remarks 

1 P21-A2 16 16 Vertical Plate 

2 P21-A2 28.5 28.5 Horizontal Plate 

3 P1-A1 16 16.1 Vertical Plate 

4 P1-A1 28.5 28.6 Horizontal Plate 

5 P10-P11 16 16.2 Vertical Plate 

6 P12-P13 28.5 28.7 Horizontal Plate 

Test Results Interpretation: - Steel girders are in good condition no corrosion/thickness reduction observed.  
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SUMMARY REPORT BASED ON NON DESTRUCTIVE TESTING OF NAND 

NAGRI FLYOVER, DELHI 

Name of Test 
Limit value/Parameters as per 

given Standards/codes 
Results 

Rebound Hammer IS 

13311 (Part-2)-1992 

Average rebound numbers indicating 

Quality of concrete 

 Above 40 Nos.         -   Very good layer  

 Between 30 and 40 Nos.  -   Good layer 

 Between 20 to 30 Nos.     -    Fair 

 Less than 20 Nos.       -    Poor concrete  

 Less than 10 Nos.       –   Delaminated. 

Good & Very Good Layer of 

Concrete 

USPV  

IS 13311 (Part- 1)-1992 

USPV by Cross Probing (km/sec) 

 Above 4.5       –  Excellent 

 3.5 - 4.5          –  Good 

 3.0 - 3.5          –  Medium 

 Below 3.0       – Doubtful 

 Medium to Good at Pier 

 Good at Abutment 

 Good & Excellent at most of the 

Panels. 

 Doubtful at selective panels. 

Concrete Core Test 

(IS:516-1959, 

IRC112:2011) 

Minimum grade of concrete for RCC 

work is M20 as per the code 

IRC112:2011. 

Grade of concrete is 

M37 

Chemical Test 

 Chloride % - (IS: 14959 (Part 2) – 

2001, B.S. 5328). 

 Sulphate % - (IS: 4032). 

 pH Value - (BS 4248). 

Chloride- Low risk level 

Sulphate- Low risk level 

pH Value is in permissible limit 

Cover Depth 

Measurement 

Minimum required cover depth for 

Pier:50 mm, Deck slab:40 mm IRC:112 

Sufficient Cover at piers & 

deck slab 

Carbonation 

BS 4248 

Using Phenolphthalein 

Indicator 

If depth of carbonation is greater than 

cover, then incubation period is over; 

degradation rate will be accelerated. 

Carbonation 

Less than cover at Piers & Deck Slab 

Thickness Test 

ASTM E797/E 797M 

 

If thickness reading of steel members is 

less than actual thickness, then steel 

thickness reduction due to corrosion 

No Thickness Reduction Observed 
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5. CONCLUSION 
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5. CONCLUSION:- 

1. The structure is an integrated ROB and RUB however the current scope of work is limited to ROB 

only. 

2. Based upon the preliminary observation on photos taken, it is clear that distress is only restricted to 

precast panels and all other portions of flyover substructure and superstructure including piers, 

piercaps, pedestals, bearings, I girders, stitch concrete, crash barrier etc. are in good condition. 

3. Detailed panel by panel assessment based upon methodology outlined in our previous report will be 

followed in order to reach decision about panels- retain as is/ partially repair/ remove concrete 

and recast with micro concrete.  

4. In this report, the panels for conducting NDT’s are selected based on condition status established on 

basis of Visual Inspection + Hammer Rap Survey. 

5. Piers: No major distress on the pier such as structural cracking or major spalling or corrosion of 

reinforcement is observed. (Refer Photo No.35 to 38) 

6. Piercaps: In very few piercaps, some minor spalling of concrete and honeycombs (minor) is noticed. 

They are not a cause for alarm and are easily repaired by local patch work. (Refer Photo No.35 to 38) 

7. Pedestals: Pedestals are in excellent condition with no distress. (Refer Photo No.35 to 38) 

8. Bearings: Bearings are in excellent condition showing no sign of any corrosion or any undue loss of 

alignment/ settlement. (Refer Photo No.39 to 42) 

9. Seismic Restrainers: Longitudinal and horizontal seismic restrainers appeared to be ok but the 

conditions of the elastomeric pads are suspect and may require to be replaced. This could not be 

easily ascertained due to low gap; however provision for same must be made. (Refer Photo 

No.35,37,41and 42) 

10. Steel Girders: The steel girders appeared to be in excellent condition with no undue changes in 

profile and alignment due to live load over time or as an initial construction defect. They are 

functioning as designed and installed. All stiffeners, bracings and diaphragms are in excellent 

condition. Nowhere is any loss of cross section noticed in steel girder, stiffeners, bracings and 

diaphragms i.e. their current day load carrying capacity of steel grillage is as per original design with 

no reduction due to any thickness loss on account of corrosion. (Refer Photo No.21 to 24) 

11. Paint: However, epoxy paint applied is noticed to be failing at various locations. Paint is bubbled or 

peeled away or its dry film thickness is greatly reduced in localized location throughout the entire 

superstructure. 

It is recommended to remove existing paint and reapply as per original specification at time of 

construction as paint life is approaching nearly 10 years and cannot be expect to perform as it is 

already showing initial signs of failing at locations. 
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12. Deck Drainage – The drainage openings at deck level are chocked up and these have to be air blown, 

water flushed with high jet and opened up. At location where bitumen has also moved into the 

opening it will have to be removed. Drainage pipes and down takes appeared to be in good condition 

but these will need to be verified in monsoon for any leakage at joint locations.  

However at many locations the horizontal connecting pipe is missing. The water spouts at the end are 

not connected with the main drainage pipe which leads to accumulation of water/dampness on the end 

steel girders where corrosion can be accelerated in future. (Refer Photo No.47 and 47.a) 

13. Deck Condition: Deck has been inspected from above and below. At 4 locations, bitumen surface is 

highly cracked up, depressed and subsided indicating distress in panel below. (Refer Photo No.48 and 

49 and also refer photos in our earlier report Inception Report on NandNagri Flyover – Delhi, October 2018). 

14. Expansion Joints: There are 4 span, 3 span and 2 span modules with expansion joints at the ends. 

Many are completely filled with dust and dirt and as such all will have to cleaned and removed to 

prevent any future distress due to locking up of expansion with clogged materials leading to restraint 

stresses and cracking around expansion joint. (Refer Photo No.33 and 34). 

15. Steel Staircases: They are in steel connected to additional girders and paint has failed at various 

locations. Rust needs to be removed, some members may require additional welding of plates due to 

high corrosion. Entire staircase members will need to be full anticorrosive treatment. Girders of 

superstructure to support footpath are in good condition except for paint failure. They need to be 

repainted. (Refer Photo No.18 to 20) 

16. Deck furniture: The deck furniture such as the medians, kerb stones, metallic crash barrier are 

largely in good condition without any distress or damage. (Refer Photo No.25 and 26, 43 to 46) 

17. R.E. Wall: The R.E. wall and the R.C. wall along with approaches on either sides are in good 

condition without any sign of distress or damage. 

18. Bearing Strip: Major defect is seen in polystyrene pads provided as bearings for precast panels’ 

(Refer Photo No.11 to 17). It is clear that it is also used to make up camber and cross fall 

difference between top flange of steel girder and bottom flat surface of precast panel.  

 

This is a fundamental defect since polystyrene has bulged along the length or come out and at 

places and there is clear separation/gap seen between precast panels and top flange of steel 

girder with loss of contact or imminent loss of contact. 

 

Three specialist literatures referred to are: 

1) Repair of Construction- Related Deterioration in Precast Deck-Panel Bridges, Atiq H. Alvi, 

Ivan Gualtero, Rajan Sen and Gray Mullins. Transportation Research Record: Journal of the 

Transportation Research Board, No. 2292. DOI: 10.3141/2292-13. (Refer Annexure C) 

2) Replacement Prioritization of Precast Deck Panel Bridges (Final Report), Rajan Sen, Gray 

Mullins, Ivan Gualtero and A. Ayoub. Florida Department of Transportation, March 2005  
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3) Monthly Deck Panel Inspection Reports, Florida Department of Transportation, District 7. 

Tallahassee, 2003-2011. 

In the journal 1), page 108, under the ‘Grout Packing’ heading, as a result of the effects of creep and 

shrinkage, initial separation and longitudinal cracks are inherent in precast deck-panel construction. 

The most important conclusion drawn from forensic study of journal 2) was that the lack of positive 

panel bearing was clearly the main factor responsible for the occurrence of major deck deterioration, 

such as cracking, delamination, spalling, failing repairs, and, in worst case, localized punch- through 

deck failures. 

 

The fiberboard bearing material is replaced with Non-shrink Portland Cement grout or Epoxy grout 

to provide positive bearing (refer fig 6 of page 109 in journal 1)). Grout packing is more cost-effective 

than other, more involved repair methods and causes little to no disruption to traffic. 

 

This method is developed to address the initial construction error. To be effective, however grout 

packing must be applied to a bridge before spalls and failing repairs causes it to deteriorate. In 2000, 

the Florida DOT performed grout packing repairs on six bridges on I-75 in the Tampa area. Eleven 

years later, those bridges still performed satisfactory refer journal 3). 

 

This systemic defect occurs at various locations leading to distress in the concrete panels. The distress 

already noticed is bound to increase over time and new panels will show distress since there is a loss 

of contact in bearing and repeated loading and unloading under live load will give rise to tension and 

shear in the panels due to loss/reduction in support in direction of traffic. 

 

This defect is to be dealt with by either grouting with non-shrink grout at where polystyrene pad has 

failed / come out / absent by systematically replacing entire length of polystyrene pad with non-shrink 

grout. 

 

19. The transverse distribution of load assumed in the design and also longitudinal distribution of wheel 

loads will not be transferred across poor quality of concrete of distressed precast panels in the load 

path. This has direct implication on flyover safety and heavy vehicles must be restricted from use 

of flyover until the superstructure panels are repaired/ reinstated – partially or completely. 

20. During execution of repairs, complete wearing coat will have to be removed, so that concrete can 

be observed panel by panel from top and decision taken on the category of intervention to be 

implemented following by use of water proofing membrane/ deck slab proofing prior to reinstatement 

of bituminous wearing coat. 
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Based on NDT results: 

21. Precast Panels: Equivalent cube compressive strength obtained at Panels is in the ranges of 31 MPa 

to 43 MPa. Average compressive strength is 37 MPa i.e. M37. The core samples extraction are not 

carried out in the damaged 10 panels since distress noticed in the Visual Inspection and Hammer Rap 

Survey. 

22. Test results analysis of the Rebound Number values is based on test conducted over concrete surfaces. 

Obtained test results explain about pattern of concrete quality of whole structure sections in terms of 

surface hardness. As per statistical data the value of Rebound number varies from 28 to 58. Concrete 

surfaces are started suffering from surface hardness problem. However indication of cracks, 

Honeycombing & spalling is observed on concrete surface. 

23. Histogram of USPV test results is analyzed and found varying concrete quality in terms of density. As 

per test conducted on different locations the quality of concrete is found medium, doubtful, good & 

excellent at Deck slab due to presence of air-pockets, Cracks, Spalling, Honeycombing and voids. 

24. Based on Velocity variation graph & Crack pattern test, Major and Minor cracks found at different 

location on deck slab. 

25. Carbonation depth is less than cover at Deck slab but carbonation is started in the surface of the panel 

upto the depth of 16mm (maximum). Hence possibility of corrosion to reinforcement is low but the 

rate will be accelerated in the future. 

26. The pH value of panels having 12.5 as maximum and 10.5 as minimum at one location showing the 

carbonation on the surface concrete will hardens and reduce the alkaline nature of the concrete. 

27. The Sulphate and Chloride percentages present in the panels are in safe limit as per the codal 

specifications. 

Based on the Visual Inspection and the NDT test results, the following panels are condemned and recommend 

to be recast completely. 

Panels for Recasting 

S.No. Pier 
Panel 

No. 

Visual 

Inspection 

Hammer 

Rap Survey 

Ultrasonic Pulse 

Velocity Test 

Rebound 

Hammer 

Test 

Crack Width 

/ Crack 

Depth (mm) 

1. P5 – P6 3 
Major and 

Minor cracks 

Dull Hollow 

Sound 
- - 

- 

2. P5 – P6 4 
Major and 

Minor cracks 

Dull Hollow 

Sound 
Good  

Good 

Layer 

- 

3. P11 – P12 13 

Spalling, 

Reinforcement 

exposure and 

Major Cracks 

Dull Hollow 

Sound 

Marching UPV (High 

variation in velocity and 

major and minor cracks 

with honeycombs) 

Good 

Layer 

- 

4. P12 – P13 17 Major Cracks 
Dull Hollow 

Sound 
- - 

- 



Repair & Rehabilitation of ROB NandNagri Flyover 

Page 80       CONSTRUMA CONSULTANCY PVT. LTD. 

5. P12 – P13 

24 

(PWD 

recast) 

Major Cracks 
Dull Hollow 

Sound 

Marching UPV (Medium 

variation in velocity and 

major and minor cracks 

with honeycombs) 

Good 

Layer 

1.1 / 241 

6. P13 – P14 25 

Major Cracks 

and 

Honeycombs 

Dull Hollow 

Sound 

Marching UPV (Medium 

variation in velocity and 

major and minor cracks 

with honeycombs) 

Good 

Layer 

0.1 / 44 

7. P17 – P18 6 
Minor and 

Major cracks 

Dull Hollow 

Sound 
- - 

- 

8. P17 – P18 17 

Major cracks, 

Honeycombs 

and spalling 

Dull Hollow 

Sound 
Medium 

Good 

Layer 

0.5 / 108 

9. P17 – P18 18 

Major cracks, 

Honeycombs 

and spalling 

Dull Hollow 

Sound 
Doubtful Fair 

- 

10. P17 – P18 24 

Major cracks, 

Honeycombs 

and spalling 

Dull Hollow 

Sound 
- - 

- 

 

Following table shows the panels to be repaired:  

Panels to be Repaired 

Sr.No Pier No. Panel No. Panel Condition Based On 

1. A1-P1 

5 
Spalling and Reinforcement 

Exposed 
Visual Inspection 

18 Spalling of concrete Visual Inspection 

25 Spalling of concrete Visual Inspection 

2. P1-P2 
2 Spalling of concrete Visual Inspection 

23 Spalling of concrete Visual Inspection 

3. P2-P3 

11 Spalling of concrete Visual Inspection 

18 Minor Cracks and Honeycombs Hammer Rap Survey 

4. P3-P4  No issues  

5. P4-P5 

11 Spalling of concrete Visual Inspection 

12 Spalling of concrete Visual Inspection 

27 Spalling of concrete Visual Inspection 

6. P5-P6 

10 Honeycombs Visual Inspection 

2 
Doubtful USPV Results 

Estimated Strength – 19 MPa Rebound Hammer Test 

25 Minor Cracks and Honeycombs Hammer Rap Survey 
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7. P6-P7 

1 Major cracks and Honeycombs Visual Inspection 

13 
Spalling of concrete Visual Inspection 

Estimated Strength – 17 MPa Rebound Hammer Test 

18 Spalling of concrete Visual Inspection 

25 Spalling of concrete Visual Inspection 

26 Minor Cracks and Honeycombs Hammer Rap Survey 

8. P7-P8  No issues  

9. P8-P9 13 Spalling of concrete Visual Inspection 

10. P9-P10 

7 
Vegetation Growth and Spalling 

of concrete 
Visual Inspection 

26 
Minor cracks, Honeycombs and 

Spalling of concrete 
Visual Inspection 

19 Minor Cracks and Honeycombs Hammer Rap Survey 

11. P10-P11 

7 Spalling of concrete Visual Inspection 

13 Spalling of concrete Visual Inspection 

16 
Minor Cracks and Spalling of 

concrete 
Visual Inspection 

19 Minor Cracks and Honeycombs Hammer Rap Survey 

12. P11-P12 

4 Spalling of concrete Visual Inspection 

18 Minor Cracks Visual Inspection 

5 Major Cracks Hammer Rap Survey 

12 
Major Cracks Hammer Rap Survey 

Major cracks Crack Width Measurement 

19 Minor Cracks Hammer Rap Survey 

13. P12-P13 

3 
Major Cracks and Spalling of 

concrete 
Visual Inspection 

8 Spalling of concrete Visual Inspection 

10 Major and Minor cracks Visual Inspection 

15 Spalling of concrete Visual Inspection 

19 Major and Minor cracks Visual Inspection 

21 Spalling of concrete Visual Inspection 

26 Major and Minor cracks Visual Inspection 

24 Recast Panel Crack Width Measurement 

14. P13-P14 26 Minor Cracks and Honeycombs Hammer Rap Survey 

15. P14-P15 3 
Major and Minor cracks on 

surface 
Marching USPV 

16. P15-P16 3 Spalling of concrete Visual Inspection 
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17. P16-P17 

3 Spalling of concrete Visual Inspection 

25 
Minor Cracks and Honeycombs Visual Inspection 

Doubtful USPV Results 

18. P17-P18 

4 
Reinforcement Exposed and 

Spalling of concrete 
Visual Inspection 

16 Major Cracks Hammer Rap Survey 

17 Recast Panel Crack Width Measurement 

18 (recast 

panel) 

Doubtful USPV Results 

Estimated Strength – 11 MPa Rebound Hammer Test 

25 

Minor Cracks and Honeycombs Hammer Rap Survey 

Doubtful USPV Results 

Estimated Strength – 14 MPa Rebound Hammer Test 

26 Estimated Strength – 14 MPa Rebound Hammer Test 

19. P18-P19 4 Spalling of concrete Visual Inspection 

20. P19-P20 3 
Minor Cracks Hammer Rap Survey 

Doubtful USPV Results 

21. P20-P21 3 Minor Cracks and Honeycombs Hammer Rap Survey 

22. P21-A2 

21 Spalling of concrete Visual Inspection 

28 Minor Cracks Visual Inspection 

 

28. Piers and Abutments: The USPV results show Good results at many locations and Medium at few 

locations whereas the rebound number on the same locations resulted maximum of 50. 

29. The cover of 10 to 11 mm was carbonated and the chemical result, the pH value of 12 is noticed. The 

sulphate and chloride content in percentage is under the permissible limit. 

30. On core test, the equivalent cube strength of 36MPa and 41MPa is noticed on the pier and abutment. 

31. Based on the conducted NDTs, Piers and Abutments are in good conditions. 

32. Steel Girder: No sign of corrosion or reduction in the thickness is noticed in the Thickness 

measurement test. 
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6. REMEDIAL MESAURES 
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6. REMEDIAL MEASURES:- 

On the basis of detailed Visual Inspection, Hammer Rap Survey and Non-Destructive Tests carried out at 

various locations on R.C.C. piers, piercaps, abutments, soffit of deck slab precast panel, Steel girders, 

deck furniture, Steel staircases, bearings, pedestals, approaches etc. we recommend the following 

remedial measures to the structure. 

S.No Structure Remedial Measures 

1. Piers No remedial measures required 

2. Piercaps Minor patch works repairs on certain locations 

3. Abutments On abutments A2, patch work repairs required on the exposed 

steel area. 

4. Pedestals No remedial measures required 

5. Bearings  No remedial measures required 

6. Seismic Restrainers Conditions of the elastomeric pads are suspect and require to be 

replaced 

7. Steel Girders with bracing 

and diaphragms 

No remedial measures required 

8. Bearing Strip (polystyrene 

pad) 

Replace all polystyrene pads by Non-Shrink Grout. 

Construction records to be verified for the polystyrene bearing 

and their mechanical and material properties at the time of initial 

construction. There may be quality control and manufacturing 

issues. 

9. Panels  The Methodology for full panel recast of 4 panels, (now 10 

panels identified) was submitted in our previous report (refer 

Methodology for recasting of 4 panels on NandNagri Flyover 

– Delhi on OCTOBER 2018) 

Methodology for panels requiring localized repairs: 

 Anti-corrosive treatment on exposed reinforced surface along 

with epoxy mortar and/or polymer modified mortar on 

spalled and honeycombed portion. 

 The cracks on the panels should be sealed by injecting low 

viscosity epoxy resin by nozzle injection. 

 Anti-carbonation paint should be applied on the exposed 

concrete surface. 

10. Deck Furniture  Proper Drainage Pipes should be provided where missing. 
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 No remedial measures are required on kerb, median and 

crash barrier. 

11. Steel Staircase  Rust to be removed by grinding down. 

 Localized plate portion shall be welded to make up loss of 

thickness. 

 Full anti-corrosive treatment and epoxy repainting shall be 

done. 

12. Expansion Joint Accumulated dust and dirt to be removed for unrestrained 

movement of expansion joint 

13. Bituminous Wearing Coat Wearing coat is cracked up and failed or subsided on localized 

locations, patch work repairs of bituminous surface to be carried 

out. Since waterproofing membrane initially applied at the time 

of construction is damaged, waterproofing membrane/ low 

viscosity high molecular weight thermoset polymer must be 

applied locally before reinstating the bitumen. Bitumen surface 

to be applied compatible with the existing. Seal coat on top of 

bituminous area to be reapplied over local area. 

14. Approaches and RE wall No remedial measures required 

15. Paint Remove existing paint and reapply as per original specification 

at the time of construction. 
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   A. MARKED TEST LOCATIONS 
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Fig. 33.Tests conducted at various locations between Abutment A1 and Pier P1 
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                      Fig. 34.Test conducted at various locations between Pier P1 and Pier P2 

 
         Fig. 35.Test conducted at various locations between Pier P2 and Pier P3 
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                  Fig. 36.Test conducted at various locations between Pier P3 and Pier P4 
 

 
   Fig. 37.Test conducted at various locations between Pier P4 and Pier P5 
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Fig. 38.Test conducted at various locations between Pier P5 and Pier P6 

 
 Fig. 39.Test conducted at various locations between Pier P6 and Pier P7 
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  Fig .40.Test conducted at various locations between Pier P7 and Pier P8 

 
 

 
Fig .41.Test conducted at various locations between Pier P8 and Pier P9 
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 Fig. 42.Test conducted at various locations between Pier P9 and Pier P10 

 
Fig .43.Test conducted at various locations between Pier P10 and Pier P11 
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 Fig.44.Test conducted at various locations between Pier P11 and Pier P12 
 
 

 
   Fig .45.Test conducted at various locations between Pier P12 and Pier P13 
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   Fig. 46.Test conducted at various locations between Pier P13 and Pier P14 

 

 

 
Fig. 47.Test conducted at various locations between Pier P14 and Pier P15 
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Fig. 48.Test conducted at various locations between Pier P15 and Pier P16 

 

 
Fig. 49.Test conducted at various locations between Pier P16 and Pier P17 
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   Fig. 50.Test conducted at various locations between Pier P17 and Pier P18 

 

 

 
            Fig. 51.Test conducted at various locations between Pier P18 and Pier P19 
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   Fig. 52.Test conducted at various locations between Pier P19 and Pier P20 

 

 

 
            Fig. 53.Test conducted at various locations between Pier P20 and Pier P21 
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           Fig. 54.Test conducted at various locations between Pier P21 and Pier P22 

 

 
Fig. 55.Test conducted at various locations on 

the Abutment A1  

 

 

 

 
Fig. 55.Test conducted at various locations on 

the Abutment A1 
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Fig. 56.Test conducted at various locations on 

the Abutment A2 

 

 

 

Fig. 57.Test conducted at various locations on the  

Pier P5 

 

 

 

 
 

Fig. 59.Test conducted at various locations on the 

Pier P8  

 

 

 

 
Fig. 61.Test conducted at various locations on the 

Pier P12 
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Fig. 60.Test conducted at various locations on the 

Pier P11 

 

 

 

 
  Fig. 62.Test conducted at various locations on the 

Pier P13 

 

 
Fig. 63.Test conducted at various locations on the 

Pier P14 

 

 

 
Fig. 65.Test conducted at various locations on the 

Pier P18 
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Fig. 64.Test conducted at various locations on the 

Pier P17 

Fig. 66.Test conducted at various locations on the 

Pier P20 
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REBOUND HAMMER TEST 

 

 
Photo 70. Rebound Hammer Test 

 
 

 

      Photo 71. Rebound hammer Test on Panel 
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USPV TEST 

 
    Photo 72.USPV Test on Pier P11 

 

 
 
    Photo 73.USPV Test on Panel
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COVER METER 

 

 

      Photo 74.Profometer is being used for finding the cover meter 

 

CORE EXTRACTION 
 

 
      Photo 75.Core sample is being extracted for compression test 
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CORE SAMPLE TEST 

 

 

Photo 76.The core sample is placed and tested using Compression Testing Machine 

CRACK PATTERN 

 

   Photo 77.Crack pattern analysis using the USPV 
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THICKNESS TESTING 
 

 

        Photo 78.Thickness Testing on steel girders and diaphragms  

   

 

 

Photo 79.Thickness Testing on steel with Ultrasonic thickness gauge 
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  D. STRUCTURAL DRAWINGS 

 

 

 

 

 

 

 


