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Photo no. 1:- Showing completed Structure of FOB. 

1. Synopsis:- 

 

This article is about the Foot Over Bridge, the deck of which collapsed on 21
st
 September 

2010, while laying concrete of the deck slab. 

Other Names Common Wealth Games Suspension 

Foot Bridge/ Rainbow Bridge 

Design Incorporating paired steel arches to 

hang deck slab by use of 26 Macalloy 

stainless steel suspenders of 36 mm dia. 

Total length 80.0 m 

Clearance below 5.70 m 

Construction started April,2010 

Scheduled date of completion Sept 30, 2010, 95% work completed 

 Deck collapsed due to failure of suspender connections on  Sept 21,2010 

Actual date of completion after use of modified design of 

suspenders 

February, 2013 
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Sktech No. 1(a) Showing Erection Methodology 

 

 

Sketch no. 1(b) Showing elevation of bridge 

 

Sketch no. 1(c): Showing transverse Section of bridge  
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The footover bridge was meant to connect the Games Venue of Jawaharlal Nehru 

Stadium to a ñpark and rideò lot at Safdarjung Airport and was meant for use of over 

10000 spectators and athletes per day. It was to give direct access to the venue, over- 

crossing the busy highway, and a parking lot at JLN Stadium. Two FOBs were planned to 

add beauty to the supporting event and have spectacular distinct landmark features of 

rainbow shaped paired arches supporting a steel-concrete composite deck hung by 

Macalloy suspenders imported from United Kingdom. The design and drawings of the 

FOB were got prepared by Delhi PWD from Consultants and duly proof-checked and 

approved by the Central Road Research Institute (CRRI) before issue to M/s P&R 

Infraprojects Ltd the contractor to whom the work of preparation of shop drawings, 

fabrication and erection was awarded. The fabrication drawings prepared by the 

contractor were approved by Delhi CPWD after vetting by the Consultants. 

 

The work was awarded in the month of March 2010 to be completed within six months 

i.e. by end September 2010. However the execution was substantially delayed due to 

reasons such as:- 

 

¶ Delay in receipt of concept drawings. 

¶ Delay due to modifications in drawings. 

¶ Delay due to change of M.S. bars to Macalloy bars for anchor bolts. 

¶ Delay due to change of Macalloy GI to SS suspenders. 

¶ Delay due to shipment of suspenders on account of oil spillage in Mumbai 

harbour. 

¶ Delay due to exceptionally inclement weather created by prolonged rainy season. 

 

The contractor submitted the fabrication and erection methodology of the paired arches 

and erected the arches successfully on piled foundations as shown in SKETCH No. 1. 

The suspenders were installed as per the instruction manual of Mac-alloy, being bought 

out items. The contractor, accordingly installed the suspenders as per approved drawings 

to hang the steel pre-fabricated deck structure for both the FOBs. However when the 

concreting of the one FOB was being laid and about 45 m of deck length was poured the 

deck fell down with a thunderous sound injuring 27 workers, some seriously, breaking 

itself in three parts, though no life was lost (Photo No.2). 
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Photo no. 2:- Showing Collapsed deck of FOB 

 

2. Design and Construction 

 

The remarkable design of FOB was conceived by M/s TCPL and approved by Delhi 

PWD. TCPL proposed paired-arches of fabricated steel box section of size 1250 mm x 

650 mm, span 80m, rise 14.6 m, braced with pipes of 350 mm dia, splayed at supports by 

8.80m from 3.40m at the crown. The deck of span 80 m, width 3.50 m was having 

fabricated steel boxes of max. size 550 mm x 550 mm at c/c distance of 3.5m braced by 

square box sections to supports a 150 mm thick RCC deck slab. The deck was proposed 

to be hung by twenty six Macalloy S -460 stainless steel suspenders of diameter 36 mm at 

5 m c/c. The maximum length of suspender being 14.6 m and maximum inclination from 

vertical of 9 degrees. The suspenders were tied at bottom centre of the arches at top and 

to a cantilevered plate connection on both sides at deck level, SKETCH No. 2. 

 

The contractor fabricated the sections of the arches and deck structure at his approved 

workshop, with specified materials and methodology, which were dispatched to work site 

after proper testing and checking. The arches were erected as per methodology submitted 

by the contractor by installing temporary towers as shown in SKETCH No. 1(a). The 

specified Macalloy suspenders, procured by the contractor, were hung as per approved 

drawings and the deck sections were erected. After approval of the completed steel 

structure the contractor under took laying of ready mix concrete, procured from an 

approved source, so as to complete the entire work of both FOBs by end September 2010, 

when the deck of the first FOB got detached from suspenders, and fell on ground on 

September, 21, 2010. 
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SKETCH No. 2: Transverse Sectional Elevation at Crown of Arch 

 

3. Possible causes of failure of bridges  

 

As per recent international studies it has been established that major bridges keep on 

failing and collapsing, around the globe, with a frequency of 30 years, causing loss of life 

and humiliation to the engineers due to the three main reasons, out of the all possible 

reasons, as enumerated in TABLE No. I, namely:- 

 

Design deficiencies 

Construction errors 

Force- majeure, natural phenomena and extreme events 

 

Records also show that fifty percent of failures are attributed to design deficiencies and 

Twenty Five Percent each to construction errors and natural causes, respectively. 
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TABLE ïI  

 

POSSIBLE CAUSES OF FAILURE OF BRIDGES 

Source:- Bridge and Highway Structure Rehabilitation and Repair by Mohiddina Khan 

 

Design deficiencies  

(failures 50% to 55%) 

Construction errors 

(failures 20% to 25%) 

Force majeure reasons  

(failure 20% to 25%) 

¶ Inaccurate design assumptions ¶ Erection errors ¶ Flood and scour failures 

¶ Inability to define loads accurately ¶ False work failures ¶ Unpredicted excessive wind velocity 

¶ Limited redundancy in structural system ¶ Use of defective materials ¶ Earthquake 

¶ Lack of information of new materials ¶ Un-suitable temporary works ¶ Fire 

¶ Complex behaviour of structure ¶ Joint and connection failures ¶ Barge/ship impact 

¶ Inelastic behaviour of connections ¶ Strong winds and hurricanes ¶ Fatigue 

¶ Bearings, Joints, splices, gusset plates, bolts 

and welds not properly designed 

¶ Improper sequence of erection ¶ Brittle fracture 

¶ Inadequate access to bearings ¶ Improper sequence of concreting ¶ Corrosion 

¶ Indifferent behaviour of soils ¶ Improper placing of reinforcing bars ¶ Sabotage 

¶ Inability to predict behaviour of different 

soils behind abutments 

¶ Incorrect prestressing  ¶ Old age and Inherent defects  

¶ Lack of drainage ¶ Incorrect thickness of gusset plates ¶ High temperature differences 

¶ Detailing errors ¶ Welding deficiencies in connections ¶ Overloading 

¶ Aerodynamic instability ¶ Loose bolts and loose rivets ¶ Impact by braking of trains  

¶ Inadequate bracing ¶ Inexperienced contractor ¶ Blasts 

¶ Non-provision of Construction and 

Erection methodology by Designers. 

¶ Inexperienced workers ¶ Gradual reduction in strength of 

concrete 

¶ In-experienced designers, detailors and proof 

checkers 

¶ Rush working-Lack of QA checks. ¶ Inadequate maintenance measures 

 

NB: Bold reasons were the main villains of collapse of Delhi FOB 
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4. Enquiry committees for collapse of FOB 

 

Immediate on collapse of the FOB the NCR-Delhi Government constituted two 

committees to enquire into the causes of the failure, to pin point the responsibilities and 

to suggest measures to avoid recurrence of such incidences as under:- 

 

¶ Technical Investigations (Dogra 

committee) 

Comprising of Er. HM Dogra ex. DG of 

CPWD and Dr. Ashok Gupta of IIT Delhi 

¶ Forensic Investigations The Delhi Police crime branch appointed 

IIT Roorkee to conduct forensic 

investigation who detailed Dr. Bhupender 

Singh and Dr. Vipul Parkash to deal with 

the case. 

 

Of their own the contractors, M/s P&R Infraprojects Ltd, appointed the following three 

independent and reputed agencies to conduct the technical investigations of failure:- 

 

¶ PRABHU STRUCTURALS 

Consultant & Engineers ï N. Delhi 

 

¶ Futura Design Consultants Pvt. Ltd. ï Ludhiana  

 

¶ Kiri Associates Pvt. LTd. Consultants, Architects, Engineers & Builders ï N. 

Delhi 

 

 

All the three above agencies are well experienced in conceptualization of shapes, 

designing, drawings, construction and supervision of all types of steel and concrete 

bridges including suspension bridges and FOBs. 

 

All enquiry committees visited the site of the accident, collected samples of materials, 

took photographs, took statements of the representatives of the TCPL, PWD engineers, 

contractors representatives and workers and also collected copies of the relevant 

documents in regard to design, drawings, MTRS, construction methodology, QA reports 

etc. etc. as deemed necessary for in depth study of the case. 
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4.1 Reports of Enquiry committees and private consultants. 

 

Firstly the contractor received the technical reports of the three independent Consultants 

appointed by him which were forwarded to the two committees appointed by the Delhi 

PWD. These Consultants reported the following causes of the collapse:- 

 

¶ Brief of Report of PRABHU STRUCTURALS:- 

 

1. It is obvious that the suspension fork and pin have given way because the pin has been 

detailed by the designer perpendicular to the axis of the bridge which restricted the 

movement of the suspender around the pin to cater to the changing deflection caused by 

the loading. The eye lets of the fork opened out due to inadequate fastening/ locking of 

the pin because of uncatered load/ moment as shown in photos no. 3 (a), (b) & (c). 

 

Photoes no. 3(a) & (b): View of the fork type connector at suspender ends after collapse of FOB -2 
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Photo no. 3(c): Bending of the arm of the fork type connector was seen in almost all the suspender 

rods retrieved from the site. 

 

 

Photo No. 4: Close up view of a fork-type connector retrieved from the collapsed bridge. 


