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INTRODUCTION OF SPEAKER:

Dr Bill Wolmuth is an independent façade and glass consultant based in London. 
He is a Fellow of the Institution of Civil Engineers and has served for many years 
on the CWCT’s Technical Committee. He co-authored, with the CWCT, CIRIA’s 
Guide on Glazing at Height.  

Three quarters of his work involves providing technical support to developers, 
architects and main contractors on the design, specification, manufacture and 
installation of new facades for large commercial and residential developments 
but he also undertakes defect investigations and advises on remediation.  In the 
last fifteen years he has visited more than 50 glass factories in Britain and 
Europe, some being visited more than 10 times.

Today, he is going to talk about glass failures on large building developments.

Good Morning. Although I work throughout the UK, most of 
my work is in London. As a result, I’ve used the City as the 
backdrop to my slides so you have something to look at if 
your mind wonders during my talk.



I’m going to reflect briefly about how architectural trends 
have changed the demands for glazing and then I’m going 
to focus on key glass failure issues, in 2013, on large 
building developments.  Finally, I  have a few words to say 
about avoiding such failures.
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The buildings on the left were built in the late 1950s with 
single glazing. In the early 1980s, they were reclad with 
simple double glazed units with tinted glass and low E 
coatings. They have recently been demolished to make 
way for a new building.  

Over the last 40 years or so in the UK we have seen a 
progression from single glazing, to double glazing, to 
double glazing with low E coatings, to the use of solar 
control glass and the introduction of bigger and bigger 
glass panes.  We have also seen the introduction of heat 
strengthened glass, which breaks like annealed glass but 
is twice as strong.

So today, we have architectural wonders like the photo on 
the right, 62 Buckingham Gate, with folded planes and a 
good thermal performance.
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When the Nat West Tower was completed in 1981, it was 
single glazed with rectangular toughened glass panes.  It 
was re-clad in the 1990s following an IRA bomb and so 
now it is double glazed presumably with solar control 
coatings and so on.

In the left hand photo, to the side of the Tower you can see 
the Gherkin. 

The view in the right hand photo is taken from of an upper 
floor of the Gherkin. It shows how times have moved.  In 
the foreground you can see the ‘Walkie talkie’ tower being 
built, and in the distance, the Shard. 

On large buildings today, glazing today has to deliver low 
U-values, better g-values, provide good acoustic 
performance, despite larger and larger  pane sizes, and 
usually have safe post-breakage behaviour.
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And the requirements for glass have changed dramatically 
on residential buildings too.

Again, up to the 1970s, housing generally had single 
glazing.  Today, the glazing is invariably double glazed, has 
a low E coating and the cavity is argon filled.

Units are often storey high and there are often balconies 
with bolted glass balustrades that prevent a fall from a 
height.

High rise residential towers are also back in fashion.

As architectural fashions develop and demands for thermal 
efficiency and safe post-breakage behaviour increase, 
there are more and more things to consider in specifying 
and procuring glass reliably and we are seeing today 
problems cropping up as a result, albeit not to my 
knowledge on the projects I have just shown you photos of.
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In theory, the list of things that can cause glass failure is 
quite long.

In practice probably 99% of glass survives intact until the 
facades concerned are replaced or demolished or blown 
up by some lunatic or other.

Only a very small percentage of glass fails in practice and 
surprisingly often, there is an incorrect diagnosis of cause 
by those involved.  



7

On large glass installations, where there may be a few 
thousand double glazed units storey high, it only takes a 
few units to exhibit a problem and building owners are 
phoning their lawyers.  

A defective double glazed unit that needs a road closure 
and cranage to replace it can cost anything from £10k to 
£50k or even more to replace.

So today, I’m gong to talk about the glass problems that 
typically occur on large building developments although 
other problems do occur too. 
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To refresh your memory,

These are the only glass types normally used.

Annealed or heat strengthened glass breaks in to large 
shards.

Toughened glass breaks in to small dice but the dice may 
clump together.

Whichever type is used, it can be used monolithically or in 
laminated form.
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Looking first at annealed glass:

It is normally the preferred option as it has the least 
distortion and is cheapest, but it is also the weakest.

Care is needed to avoid edge damage that will lower the 
thermal stress that the glass can accommodate without 
cracking.

It also breaks in to large shards so you need to consider 
when selecting whether the post-breakage behaviour is 
acceptable.  If not laminated, when broken it may or may 
not stay in place.
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Here, on the left, is a photo of an office with annealed 
laminated glass to both panes of the double gazed unit.  
Stuff is being stored in the gap between the glass and the 
desk, increasing the thermal stress.

On the right, is a photo of blinds fitted by an ignorant flat 
owner. The blinds are too close to the annealed laminated 
glass and there is too small a gap at the top to allow the 
cavity between the blinds and the glass to be ventilated 
when the blinds are down. As a result, the glass has 
cracked due to a combination of thermal stress and edge 
damage,
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Here you can see a double glazed unit damaged upon 
installation and not replaced. It has then cracked in use.
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Here you can see three photos of cracked panes. The 
cracks start from the edge and progress at right angles 
from the edge in to the vision zone. The cracks also extend 
at right angles through the thickness of the glass.  Such 
crack patterns are typical of thermal stress failures but in 
these instances, edge damage has also been a 
contributory factor.
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Limits on allowable edge damage are given in BS EN 572 
part 8 which includes a number of diagrams to explain the 
limits. I won’t go through them now but this is just so you 
know they exist.  Here is the first one.
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And the second diagram ….
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And the quantified limits that apply.

However, the Standard then states:
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This.

Now you may think that couldn’t be clearer but the 
Standard then muddies the water with this:
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Thus, the recipe for a harmonious life is to:
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Get a thermal stress check done before the glass is 
ordered taking in to account the blinds and curtains likely to 
be used and inform the Client as to the assumptions on 
blinds and curtains made in the calculations.

If using monolithic annealed glass, check its post breakage 
behaviour is acceptable.

Have a materials handling strategy to reduce the risk of 
edge damage to the glass from when it leaves the factory 
to when it is installed. 

And ensure the occupants know what blinds and curtains 
they can use.
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Heat strengthened glass is stronger than annealed glass 
and is much less susceptible to thermal stress failure.  

However, it distorts upon heat treating giving roller wave 
and bow much the same as with toughened glass.
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If using heat strengthened glass, check if its post breakage 
behaviour is acceptable if used monolithically and check it is 
thick enough so that the distortion isn’t visually disturbing.

Finally I normally caution that heat strengthened glass can 
break in use due to inclusions although such breakages have 
tended to be very rare.

Academic papers say that a 40 micron diameter NiS inclusion 
can break toughened glass whereas it takes a 180 micron 
diameter inclusion to break heat strengthened glass.  Hence 
there are said to be fewer breakages in heat strengthened 
glass.  However, most toughened glass inclusion breakages I 
have had laboratory analysed have had inclusions greater than 
180 microns in diameter ie: if that glass had been heat 
strengthened instead of toughened, it would have broken also. 

I attribute the rarity of such failures in heat strengthened glass 
partly to the fact that far more toughened glass is used by the 
industry.
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Toughened glass is a great product so long as you are aware of how 
it performs.

It breaks in to small dice and thus is safer than monolithic annealed 
or heat strengthened glass if you walk in to it and it breaks.

But upon breakage, the small dice clump together and the clumps 
can be very large.

Whilst for many years the consensus was that if vertical toughened 
glass breaks, it tends to stay in place, that view is changing.

With the more recent use of very large pane sizes, it has been found 
that if the pane cracks, it may become unstable and fall.  

There appears to be a particular risk where the outer pane is 
structural silicone bonded to the frame. When the pane cracks, the 
cracks cause the pane to expand, more so on the outer surface if 
the perimeter of the inner surface is structural silicone bonded. If the 
pane is bowing outward due to barometric pressure differences, the 
bowing and the expansion on cracking can be enough to make the 
broken glass unstable and it then collapses.
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If you are going to use toughened glass, these are the 
precautions you should take.

I would stress that toughened glass is a good product but 
you need to be careful in its application.

Many Contractors now avoid its use where practicable due 
to the financial and reputational risks they perceive if panes 
start breaking.
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Laminated glass has good post-breakage behaviour and 
some now insist on its use for safety and security reasons 
for the outer pane of double glazed units.

However, problems can arise with edge staining and 
delamination if the glass has exposed edges as opposed to  
perimeter cappings.

Problems are also often encountered with edge damage of 
annealed laminated glass and with thermal stress failure if 
inappropriate curtains or blinds are used.

With heat treated laminated glass, disturbing distortion can 
occur if the panes are unduly thin.
.
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Here you can see the on-set of edge delamination of a 
laminated outer pane of a double glazed unit.

The gasketry closely abutted the edge of the glass allowing 
water to reach the edge of the laminated glass’s interlayer, 
as a result of capillary action, and then stay in contact with 
the edge of the interlayer.
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Here you can see on that project where the gasket has 
been pulled away from the glass edge, the surfaces are 
wet.

Bonding gaskets to the edges of laminated glass can 
cause different visual effects with the volatiles from the 
sealant or adhesive reacting with the laminated glass’s 
interlayer.

More research is needed on the subject.
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Here we have heat strengthened laminated glass – two 
laminated panes each 8.76mm thick. Thus we have in the 
build-up four 4mm thick heat strengthened panes. The 
visual distortion is fairly dreadful.

The thicker the glass, the less the distortion. Also, some 
factories’ furnaces are better than others.
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So, if using laminated glass …..
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Finally, a few words on how not to get your fingers burnt.
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Glass risk assessments can be in whatever format you feel 
comfortable with.

They can be drafted by any party but the Main Contractor 
and specialist subcontractor usually take the lead.

As well as considering essential safety matters, the 
assessments can consider the visual appearance, security 
issues and who is responsible in the event of failure.

Don’t assume that the other parties on the project 
understand the performance of glass.

If you don’t tell them, how can you be sure they know ?

Equally, don’t assume you understand what the other 
parties are looking for.
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Thus you can use assessments to educate, manage  
expectations and ensure that residual risks are understood.
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