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The truth however is that investment in safety is like planting a tree close to the compound wall: 
The fruit will be slow in coming, not immediate; and the branches will grow beyond the 
property, not just one-on-one. Which should be quite acceptable for the industry and the nation. 

 

1.4. Some notorious failures of high-rise buildings 

(a) Ronan Point, London, 19 May1968 
There was a gas explosion in a corner flat at 18th storey of a 23 storey building, assembled 
from prefabricated concrete panels (“Large Panel System”) bolted together. It blew out the 
walls. The Southeast corner came crashing down, leaving 4 dead and 17 injured. (Fig. 1.) 

Investigation led to finding of poor quality 
control: Gaps were found filled with 
newspapers rather than concrete. Walls 
rested on levelling bolts, two per panel; 
the whole weight of the building was 
being taken on these bolts. Rainwater was 
allowed to seep into the joints. [Ref. 1.] 

 

(b) John Hancock Building Boston, MA, USA, 1973 
The 60 storey building, under construction in 1973, was designed by the famous I.M. Pei 
group. It was beset [Ref. 2] with a number of problems right from the start: 

1.  Trench walls and shoring collapsed: Sides of the excavation caved in and a nearby church 
was damaged. The entire trench shoring was strengthened, and the church was re-built. 

2.  Glass panes started falling off: As and when the wall-sized panels fell, due to thermal 
expansion and contraction, the open sides were boarded up with plywood. Eventually all 
the panels were replaced with more appropriate glass. 

3.  Wind sway led to resonance: Tuned mass-dampers were placed at the top of the building 
to compensate for the sway. 

4.  Over-turning about narrow edge was discovered: Heavy cross-bracing was placed around 
the core to eliminate this unusual possibility. 

 

(c) WTC Twin towers collapse, 11 September 2001 
The North Tower (1-WTC) was struck by American Airlines Flight 11, a Boeing 767, at 
08:45 Eastern Time. 33 of 59 perimeter columns, and 20 of 47 core columns (centre) were 
taken down. It stood for 103 minutes before collapsing, pan-cake fashion. 

The South Tower (2-WTC) was struck by United Airlines Flight 175, also a Boeing 767, at 
09:05 Eastern Time. 29 of 59 perimeter columns and 5 of 47 core columns (SE corner) were 
taken down. It stood for 53 minutes before collapsing, also pan-cake fashion. 

The total dead were 2795. 

The main reason was that the trusses supporting the reinforced concrete slab softened in the 
intense heat of the fire from the aviation fuel dumped to the bottom of the lift wells by the 
planes, and failed. Loss of fire insulation hastened the collapse. [Ref. 3.] 

 

Fig. 1. Chain Reaction Collapse 
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Computers have built-in features to handle these variations. But users must first learn and 
then remember to use these features; they must specify and input them appropriately! 

 

2.9. Design assumption versus reality 
At each stage of design, the designer has to ask: 

(a)  What are, or should be, the support conditions of beams: Fixed, pinned, roller, free? 

(b)  What are, or should be, the rigidity of connections: Full, partial, none? 

(c)  What are, or should be, the end conditions (restraints) 
of columns: Full or partial, in position and in 
direction, in each plane? 

Can these assumptions be implemented in practice?  

It is generally overlooked that semi-rigidity of 
connections cannot be properly computed, and must be 
determined from tests for the particular configuration 
chosen. (Fig. 5.) 

This is particularly critical in temporary structures, where 
erection procedures and inspection are not of the same 
order of quality control as the permanent structures. 

 

2.10. Constructability 
A common oversight in design (even today, even in advanced countries!) is the lack of 
integration of the design with the construction phase. Quite often, once the designer submits his 
calculations and drawings to his client, his responsibility is assumed to be over, by all concerned.  

In this context, the contractor is often stuck with an item or a detail which cannot be constructed 
as exactly per the design. 

Then, either the contractor proceeds with whatever alternative solution he can come up with, or 
he refers back to the designer, who does a cursory re-design and sends it back – both of which 
will more often than not lead to trouble. 

 

(a)  Hyatt Regency walkway collapse, 
Kansas City, Missouri, USA, July 17, 
1981: 
Built in July 1980, there were two 
walkways in the 4-storey atrium of the 
40-storey tower. {Ref. 7.] 

On the fateful day, a party was going on, 
when the upper walkway crashed on the 
lower one, and both collapsed to the 
floor. 114 were dead and 200 were 
injured. (Fig. 6.) 

And the cause? 

Fig. 5. Rigidity of connections

Fig. 6. Hyatt Regency walkway collapse

As designed 

As erected 
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Fig. 7. Hartford Civic Center Arena 

A single long tension rod had been replaced by two shorter tension rods, both same size, and 
both connected in the normal way.  

The contractor, who thought that threading a long rod for most of its length to fix the 
intermediate nut, did pass his revised design through the designer, and the latter presumably 
approved.  

A careful check of the force distribution on the nut by First year B.E. or Diploma level statics 
could have shown that the load on the washer and nut at the upper walkway was Pin the first 
case, and 2P in the second.  

A costly lesson on the importance of basics in these sophisticated times! 

  

(b) Hartford Civic Center Arena roof collapse, Hartford, Connecticut, USA, 18 January 1978: 
The roof was 300 ft. by 360 ft. space frame, 
completed on Jan. 16, 1973. [Ref. 7.] 

It was assembled from 30 ft. by 30 ft. grids, 21 
ft. apart. Main members were of cruciform 
shape, which happened to be possibly the most 
inefficient. (Fig. 7.)  

On January 18, 1978 the largest snowstorm of 
its five-year life hit the arena. 

At 4:15 A.M. with a loud crack the centre of 
the arena's roof crashed down 83 feet to the floor of the arena, throwing the corners up in the 
air.  

Luckily the arena was empty.  

Again the reason was that the 
contractor could not physically make 
the connections as designed.  

He made some “minor” changes, 
shifting some connections a few 
centimetres.  (Fig. 8.) 

A re-analysis (the second time by the 
same program as the original design, 
but with the revised connection detail) 
showed that considerable capacity had 
been lost by the change. 

That it held up for so long was pure 
luck of the design snow storm not 
occurring for that long. That there was no game going on was a miracle! 

 

(c) Connection detailing: 
The preceding is just one dramatic example of what goes on in many of our trusses and other 
connections, bolted or welded.  

Trusses are usually analysed and designed on the assumption that the centroidal axes of all 

Fig. 8. Connections as designed and as built 



 26

the members meet at a joint 
at a single point, to satisfy 
the assumption that the 
members are subjected only 
to axial forces. (Fig. 9.) 

But due to practical 
considerations, centroidal 
axes generally may not 
intersect at a single point. 

Generally the resulting 
moment effects are negligible, but the situation needs to be checked so that the deviations 
and consequences do not get out of hand. 

Welding detailing is likewise very much practice oriented, and a designer may casually ask 
for impossible things, as illustrated in Fig. 10. 

 

2.11. Redundancy 
Redundancy is the provision of alternative load paths in a structure to enable it to survive a 
limited accident and prevent a member failure from escalating to structure collapse. This is 
generally advisable in life-critical structures but rarely followed, on the grounds that it would 
take extra time and cost extra money. 

Designer should analyse scenarios with different 
critical members omitted, to track down the 
effects on the system. 

An example of how redundancy saved a 
temporary structure occurred during roof truss 
erection for the FedEx Forum building in 
Memphis, Tennessee, USA, in 2005. [Ref. 8.] 

Based on a storm warning, the contractor added 
five back-up cables (B for each A, in Fig. 11) to 
hold up the partially erected truss for redundancy, 
helping it to withstand more than twice the design 
wind load which developed overnight, while other temporary structures around it collapsed.  

Again, it was redundancy of columns that saved the New York WTC from immediate collapse 
after the terrorist collapse. When many columns were sliced through by the plane hits, the many 
external steel mullion tubes of the windows shared with, and redistributed the loads to, the inner 
core columns through the medium of the floor slabs and trusses. 

This also brings up the question whether the Twin Towers were designed for any airplane 
impact. It is understood that they were, for the very planes that hit them. However, the airplane 
impact was for normally predictable landing problems, namely with near empty fuel tanks and at 
slow speeds, and not the terrorist hit, with full tanks and at maximum speed. 

An incidental but important lesson here is that although theoretically structures can be designed 
even for heavier and faster airplane hits – just as they can be designed for 100-year earthquakes 
rather than for 25-year earthquakes as at present – the costs of such designs would be so 
prohibitive that few if any owners or tenants can afford them, and the members would be so huge 
that the percentage of usable space would drop by a large ratio. 

Fig. 10. Easy 
welds to 
specify, but 
impossible or 
very difficult 
to carry out!  

Fig. 9. Truss 
connections

Fig. 11. Redundant temporary structures 
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(d) Overlooked construction loadings: 
Temporary structures and partially completed permanent structures are highly susceptible to 
failure by unusual combination or type of loadings not designed for. 

Radial struts of a partially erected dome, yet 
unclad, rotated in the plan, thus allowing the 
twisting of the top central compression ring, 
causing the dome to collapse inwards. (Fig. 
12.) 

Luckily no one was inside at the time.  

Incomplete foundation anchorages, 
connections, bracings, ties etc. may often 
result in structural elements not having 
developed the full strength or stiffness.  

 

2.14. Prevention of progressive collapse 
Designer must prevent a minor localised failure escalating in domino fashion into a complete 
system collapse, for a permanent or temporary structure. Codes usually highlight this need. 

Safeguards and/or alternative load paths must be provided to contain the damage, so that 
occupants may exit and valuable property may be removed as soon as one or a few members fail. 
Design must include bracings against buckling of individual members, and sway against system 
collapse. 
In temporary structures, one bay or member may fail, and it can drag down the entire system. 
The cause may be missing bracings or anchors against sidesway.  

 

3. EFFECTIVE USE OF COMPUTERS 

3.1. Hidden dangers of computer use 
As one with computer experience from 1959 (and still using them in his consultancy and 
training) the author is deeply concerned with the way computers are used for structural analysis 
and design these days. This can have a far-reaching impact on high-rise buildings. 

The case study by an expert should demonstrate the seriousness of the situation. (Fig. 13.) 

Professor Leroy Z. Emkin of GeorgiaTech, well known computer software specialist, and 
founder of the group responsible for GTSTRUDL, one of the oldest and best known structural 

Fig. 13. Axial force and column moments under E-W wind; beam Mz under N-S wind

Fig. 12. Twisting of dome ribs 
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The author has cited them only to identify the adverse consequences which designers and 
builders must address in their work in a balanced and integrated manner, rather than to criticise 
the need and work for high-rise buildings. 

High-rise design and construction are topics critical to the development and vitalisation of the 
urban scene in India. With all its impressive technological advances, Indian construction industry 
still needs to be organised and integrated to reach its full potential. The nation currently being in 
the global limelight, how the industry performs in the coming years will to a large extent 
determine the status of India in the community of nations, to mutual long-term advantage. 

The author hopes that the few topics he has raised and discussed herein will provide food for 
thought in terms of safety in high-rise design and construction in the vibrant Indian context. 
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