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The structural 
steelwork industry: 
A review 
Richard Haryott 

Introduction 
My task is to paint a general picture of the 
st ructural s teelwork industry today. 
I am going to concent ra te on the si tuat ion 
concerning the role of steel in the market 
p lace, and in the main I will a l so be concen
trating on those aspec t s relating to the use 
of s t ructural s teelwork in multi-storey 
f rames, in one-off spec ia l s t ructures where 
reinforced concre te is a s u c c e s s f u l or even 
dominant competitor. 
Clear ly the review is made through the eyes 
of an Arup engineer who is based mainly in 
London. In the t ime avai lable it is obviously 
not poss ib le to refer to all the many 
d i f ferences in c i r cums tances worldwide, but 
never the less it s e e m s to me that there are 
many a reas of common exper ience and 
interest. 
One of the purposes is to propose to you the 
fol lowing main points or themes: 
(1) That market forces are now such that 
steelwork is once again a sens ib le and 
economic al ternat ive in many of our 'main
s t ream' s t ruc tu res in a reas where concrete 
has perhaps been dominant for the past two 
or three decades . 

(2) That in the eyes of many spec i f ie rs , 
cont rac tors and c l ients , there are many 
obs tac les to the use of s teel . These range 
from long memor ies regarding supply 
problems, lack of understanding of the 
scope for sav ings in t ime or mater ia l , to 
d i f f icul t ies wh ich ex is t in obtaining good 
advice on steel design. 
(3) That designing in steel can only be 
success fu l l y accomp l i shed if the task is 
seen a s a part of the whole: that is to say the 
contract procedures, the fabric and f in ishes 
in relat ion to the structure, speed of con
struct ion, fire protection and so on must al l 
be part of the evaluat ion. Th is may sound 
obvious, but in fact it s e e m s to me that much 
of industry is not tackl ing the task a s a 
whole. 

A key must be educat ion. There is nothing 
magic about designing steel , but the 
s tandard of educat ion and training must be 
improved if exce l lence and value for money 
are to be at ta ined. Arups should examine 
what their role should be. 
Background market conditions 
Steel sec t ions have been used in 
const ruct ion for over 100 years and for many 
years the mater ia ls held a predominant 
posit ion in bridgework and in major building 
f rames. Competi t ion from concrete and 
other mater ia ls gradual ly reduced its market 
share , but nonethe less the industry a s a 
whole did not seem to run into a feeling of 
decl ine until comparat ively recently. 
S tee lmake rs worldwide found themse lves in 
a se l le rs ' market for a considerable period of 
time, even if parts of the market, such a s the 
const ruct ion industry, were losing a battle 

against concrete. In recent t imes, for a 
period of more than 20 years until around 
1975, demand for steel products exceeded 
s tee lmaking capac i ty in most parts of the 
world, and certainly in Europe. One gets the 
impress ion that the most lucrative markets 
for the s tee lmakers were the ones that took 
the biggest volume of s imple s tee ls , namely 
ship building, the motor industry and heavy 
engineering generally, and a s a result supply 
of steel in the form of sec t ions and other 
structural shapes w a s never adequate. 
De lays in steel suppl ies were certainly seen 
a s the rule, rather than the except ion. 

Somet ime around 1975 the world suppl ies 
scene changed. The s tee lmakers , or the 
pol i t ic ians, or both, appeared to get it wrong. 
In the UK for example , a grand expans ion of 
s tee lmaking capac i ty had been made, taking 
capac i ty for production of liquid steel to 
something in the region of 30m. tonnes per 
annum, and at that with no real changes in 
productivity. In Europe capac i ty increased, 
and the new stee lmaking p lants were 
opened up al l over the developing world. Th is 
all at a t ime when the p o s t - O P E C price 
shocks were slowly reducing world demand 
and helping to bring about major recess ion . 

Suddenly world demand for steel products 
fell far short of capacity. S tee lmakers in the 
USA are working at less than 4 0 % of their 
capacity, and in Europe the average output is 
around 6 0 % of capacity. In the UK the B S C is 
currently producing around 10m. tonnes, and 
the private sector production brings the total 
to around 14m. tonnes - pretty much in line 
with the capac i ty /demand si tuat ion for the 
E E C a s a whole. 

For the 90m x 60m factory for A d a m s w e a r at 
Nuneaton (Job 9195) our cl ient instructed us 
to prepare a performance spec i f ica t ion so 
that subcont rac tors could use either portal 
f rames or t russes . The grid for the 60m width 
is two spans of 30m with a 6m spac ing down 
the length of the building. The t russ design 
proved the most economica l . 
T russes were a lso used for a 20m span tank 
production shop for J o s e p h A s h and S o n s 
(Job 9580) and a lso for an awkward re
development of an ex is t ing s i te for Samue l 
Heath and S o n s (Job 8567) wh ich required 
some operat ional a reas to be kept in 
production whi le the new building w a s 
completed around them. 

Figs. 4-5 
Fac to ry for A d a m s w e a r 
at Nuneaton 

Fig. 6 
J o s e p h A s h and S o n s 
tank product ion shop 

Archi tects: for both projects: 
Harper Fair ley Partnership 

t russes had to be replaced with new 
monopitch t russes . Para l le l latt ice girders 
were used with structural T booms to which 
angle brac ings could readily be welded on 
al ternate s ides . 
Another form of t russ const ruct ion we use 
has universal column or beam booms with 
tubular bracing. The example is a 30m span 
with warren bracing. 
Th i s s a m e principle h a s been used for the 
boiler house at Telford Distr ict Genera l 
Hospi ta l (Job 4623) of 16m span and 9m 
high. The initial design for a portal f rame 
w a s abandoned when 10 tonne coa l hoppers 
had to be carr ied from the roof and a full 
height wa lkway above the hoppers. The 
welded steel t russ met these requirements 

with the universal co lumns/un iversa l beams 
booms ideal for carry ing local bending and 
the tubular brac ings eff ic ient a s long struts. 
To allow for t ransportat ion the t russ is to be 
s i te bolted with Grade 8.8 bolts. 

We are finding that Grade 8.8 bolts have 
largely replaced H S F G on most jobs a s they 
are eas ier to use on si te. Part icular ly with 
overseas jobs we avoid having two bolts of 
the same size but different grades. Some 
t r usses for Af r ica (Job 8399) were 
transported in conta iners a s individual angle 
members and completely si te bolted. The 
M20 and M24 bolts were grade 8.8 with the 
M16 bolts in grade 4.6 to avoid any possib le 
confus ion on si te and we try to follow this 
procedure in the United Kingdom. 

Fig. 7 Samuel Heath and Sons , 
redevelopment of exist ing site. 
Archi tects: Kineton Design Group/ 
Bateman Assoc ia tes 

S c h e m e s on the drawing board at this 
moment include a further project at Coventry 
of a 30m span where a welded angle t russ 
will be used and a 64m x 45m building where 
portal f rames of 15m span have proved most 
sui table. 
Conclusions 
To summar ize, our recent exper ience has 
shown: 
(1) Bui ld ings must be adaptable for future 
planning and flexible for future ex tens ion. 
(2) Roofs must be strong enough to carry 
adequate serv ices . 
(3) Truss or Porta l? We will usual ly 
examine both s c h e m e s but t r usses more 
often offer the best solut ion. 
(4) Bolted or welded t r u s s e s ? Shop-welded 
with site-bolted joints for a lmost all projects. 
(5) Grade 43 or Grade 50 s tee l? Most 
s c h e m e s have used Grade 43 only but we 
must bear in mind that the s a m e mill delivery 
of four to s ix weeks is offered. We should 
therefore look for out p laces where Grade 50 
can be used to advantage s u c h a s heavy 
loads on 'short ' s p a n s and for certa in 
bracings. 
(6) Grade 4.6 or G rades 8.8 bol ts? A lmost 
al l M16 bolts are Grade 4.6 but M20 and M24 
in Grade 8.8 are frequently used for major 
st ructural connect ions . 
(7) Brac ing members angle, rod or square 
hollow sec t i ons? All are used with the 
advantage taken of square hollow sec t ions 
for long slender brac ings. 



Industrial building: 
Report from 
Birmingham 
Robert Greenwood 
Peter Handley 

Introduction 
Birmingham Off ice has been involved in a 
large number of s ingle storey industr ial 
bui ldings. These have ranged from sma l l 
ex tens ions of 2 0 0 m 2 for family-owned B lack 
Country bus i nesses to a 20,000m 2 ware
house at Coventry. 

Planning 
Our exper ience has emphas ized the need for 
good planning and real is t ic pr ices. Indus
t r ia l is ts in the West Midlands want two bas i c 
features for their b u i l d i n g s - a strong floor 
and a good roof that won't leak. 
Good planning means designing a building 
for its immediate use whi lst ensur ing that it 
wi l l hold its value in the market p lace. 
Planning a lso means careful ly balancing the 
min imum cost of construct ion with the 
future was te of money if the faci l i ty fa i l s to 
be adaptable or f lexible. 
An adaptable building will accept re-
planning of storage or re-organizing of 
production. A f lexible building wil l cope with 
expans ion or al terat ion. 
The 20,000m 2 warehouse we designed at 
Coventry Trading Es ta te (Job No. 6670) five 
yea rs ago has already been used by Talbot 
a s a 'knock down' production line for 
export ing c a r s to Iran. It is now used a s their 
nat ional distr ibution centre. It can , if needed 
in the future be sub-divided into a number of 
smal ler units. 

Adequate provision must a lways be made for 
serv ice loads and some spare capac i ty is 
a l w a y s desirable - but there is rarely any 
need to provide for production loads. 
Equipment and mater ia l handl ing can 
a lways be supported on a separa te 
structure. T h i s w a s done at Coventry and 
a lso at Aldr idge when a high level barrel-
fi l l ing operation had to be included. 

Layout 
Structura l cos t s increase with the span 
chosen . For light industry and smal l product 
storage, 15 to 30m s tanch ion spac ing is 
sui table. Medium production and general 
warehous ing usual ly require s p a n s of 24 to 
36m. Heavy industr ies and high/dense 
warehous ing often need s p a n s up to 50m. 

Selected examples 
A s p e c t s of design and detai l ing can be high
lighted by examp les of B i rmingham 
designed projects. 

A lexander Duckham and Co . Ltd. at Aldridge 
(Job No. 6619) required a new warehouse and 
fi l l ing shop of about 6 ,000m 2 a rea with a 
c lear height of 10m and with a flat roof. We 
were appointed a s prime agents with total 
design responsibi l i ty for al l a s p e c t s except 
the plant. The building h a s a st ructural grid 
of 15m x 12m and we designed warren 
braced welded angle t russes at 6m cent res 
with Multibeams a s purl ins. Universa l 
co lumn s tanch ions were used internally but 
a s a 4-hour fire rating w a s required at wa l l s , 
the perimeter co lumns were of precast 
concrete. The supports for the barrel loading 
a rea served by conveyors required 40 beams 
of 15m span and here it w a s most 
economica l to use caste l la ted universal 
beams. The building w a s fully braced with 
ang les at roof level but the s ide bracing w a s 

Fig. 1 Coventry Trading 
Estate from the air. 
Archi tects: W.S. Hattrell 
& Partners 

Fig. 2 Coventry Trading 
Estate: structure after 
fire which led to 
provision of new 
building 

Fig. 3 Warehouse 
Alexander Duckham 
and Co. Ltd. Archi tects: 
Harper, Fair ley 
Partnership 

42mm diameter rod in Grade 50 steel with 
High strength friction grip bolt connect ions. 
The ent rance canopy edge beam is a 30m 
span box girder. 

The former Armstrong Whitworth Aircraf t 
Factory at Coventry is now Coventry Trading 
Es ta te . Th is is a very long building with a 
width of 110m, having two s p a n s of 30m and 
one of 40m, and the roof is of steel angle 
riveted const ruct ion. A s the result of a major 
fire near the centre of the building, we were 
appointed for two structural cont racts . 
Rather than rebuild on the s a m e area the 
cl ient decided to have new gable ends to the 
parts wh ich were saved from the fire (Job 
6591) and then provide a new separate 
buildinn ' J o b 6670). For the two gable ends it 

w a s necessa ry to repair some of the main 
val ley girders and the best solut ion w a s 
provided by the s i te welding of new angle 
members. To stabi l ize the gable ends , props 
of rectangular hollow sec t ions were used. 
The replacement building is 260m long x 75m 
wide with internal s tanch ions on a 20mx15m 
grid. Al though we normally find that welded 
steel t r u s s e s are the most economica l for 
this s ize of grid, we used p last ica l ly 
designed portal f rames and valley beams 
and the brac ings were c i rcu lar hollow 
sec t ions . The portal f rames will a l low easy 
const ruct ion of sub-division wa l l s for any 
future re-organization. 
At Icknield Port Road , B i rmingham (Job 
6669), a number of 18m span steeply pi tched 
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Stee lmakers have had to make a real effort 
to be more productive, part icular ly in the UK 
where overmanning w a s ser ious, and market 
forces have ensured that steel pr ices are 
now cheaper than they have been for a long 
time, in compar ison to the main competi t ion 
of concrete. F igu res show the change in the 
last few years to be quite dramat ic , no doubt 
even to an art i f ic ial extent because of 
government subs id ies of one kind or another. 
Certain ly in the U S A and the main E E C 
countr ies, s tee l is being sold at a loss , but 
even if th is changes , it sti l l s e e m s likely that 
overcapaci ty wil l keep pr ices down to make 
steel more competi t ive than in recent years , 
and supply problems are unlikely to be a s 
diff icult for some t ime to come. 
So for the first t ime in many years , we find 
ourse lves in a posit ion where price and 
supply i s s u e s are such that steel is a 
mater ia l wh ich must be considered more 
seriously, part icular ly a s many c l ients or 
purchasers of construct ion are far more 
act ively demanding s tee l , and are examin ing 
al ternat ive design and contract arrange
ments to ach ieve better resul ts . If we do not 
more act ively make steel one of our design 
sk i l l s , we will be doing both ourse lves and 
our c l ients a d isserv ice . 
Obstacles to the use of steel 
The mater ia l condi t ions mentioned 
previously are clear ly not the only reasons 
why use of s t ructural s tee ls decl ined in 
many of the world markets. Pr ice and supply 
di f f icul t ies played their part, but many other 
factors a l so were of great s ign i f i cance. 
Even in f ie lds of activity where steel is a 
natural ,- things can go wrong wh ich change 
the economic or technica l ba lance. A s an 
example we have only to think about the box 
girder bridge. After the Second World War a 
mass ive bridge building effort had to be 
undertaken in Germany to replace the 
hundreds of major s t ruc tures destroyed or 
damaged, and the elegant and economica l 
box girder steel bridge emerged a s a domi
nant solut ion. Some 10 years or so ago the 
posit ion w a s changed by the ser ies of 
fa i lures in box girders, partly brought about 
by a lack of understanding of both material 
and geometr ical instabi l i ty in the thin plates. 
The reasons were of course complex, but 
never the less one of the resu l ts w a s a new 
set of des ign rules (quite understandably) 
imposed on des igners , which for a whi le 
tipped the ba lance of economy away from 
box girders to plate girders and even to 
concrete. For a whi le, in the UK and else
where, there w a s a dearth of steel bridge 

des igns, and des igners were lost to other 
d isc ip l ines. Lack of understanding and 
provision for ma in tenance probably a lso 
caused the pendulum to swing away from 
stee l . In recent years , accep tance of 
weather ing s tee ls and the publ icat ion of far 
s impler codes and ru les have swung the 
pendulum back, a s have problems being 
encountered in the life of concrete f in ishes. 

In multi-storey bui ld ings the pendulum had 
started to swing against steel much earlier. 
A s for br idges, regulat ions of one kind or 
another were a contr ibution in the p rocess , 
but mainly covering other problems such a s 
fire protection. In some parts of the world, 
fire regulat ions are not very onerous, or 
perhaps not enforced, with the result that 
steel f rames do not have to carry the 
addit ional cost and time penalty of 
encasement in concrete, spray coat ings or 
dry l inings. In some countr ies such a s the UK 
it would be held that fire regulat ions are too 
severe, or perhaps unreasonably interpreted, 
adding unnecessar i l y to the cost of steel 
s t ructures. We probably can all quote 
examp les of that, and certainly many of us 
must have felt from time to time that more 
research is needed to understand better 
what happens to s tee l bui ldings in f i res -
not just isolated members making up 
f rames. In Ove Arup & Par tners , we are in a 
better posit ion than many to seek and obtain 
good advice on th is , and probably a lso in a 
better posit ion than most to encourage new 
approaches , development of cheaper mat
er ia ls , and a wider understanding of the 
main i ssues . 

At the s a m e t ime that these supply, cost , 
legislat ive and other fac tors have helped 
swing the pendulum away from steel , the 
inf luence of research and graduate design 
a ids promoted by the compet ing concrete 
industry pushed it even further. In the UK the 
Cement and Concre te Assoc ia t ion h a s most 
ef fect ively promoted the use of concrete, 
runs training c o u r s e s for spec i f ie rs , c l ients, 
operat ives and so on, and is a p lace to which 
many people in the building industry would 
turn for adv ice, They are a semi- independent 
organizat ion f inanced by a levy on cement 
s a l e s wh ich produces them an income of 
around £ 5 - 6 m . per annum. In contrast , the 
nearest equivalent in the steel industry in the 
UK is Const rado, wh ich is wholly f inanced by 
the B S C , and in the minds of many is s imply 
not able to cope in the s a m e way on a budget 
of l ess than £400,000 per annum. The cent res 
of research and information in the steel 
sector are scat tered around manufactur ing 

units, and are diff icult to a c c e s s . Information 
on such vital i s s u e s a s corrosion protection, 
fire, spec ia l mater ia ls , welding and so on is 
not gathered into one centre of exce l lence , 
and in some c a s e s the information can even 
be better obtained e lsewhere. Apparently, for 
example, better advice on corrosion in steel 
can be obtained from the non-ferrous meta ls 
trade assoc ia t i on than from the s tee l 
industry! In any event, famil iar i ty in the use 
of steel at al l levels of the industry h a s 
decl ined, and th is is no smal l obs tac le to its 
wide use. T h i s lack of famil iar i ty a f fec ts not 
only knowledge of the mater ia l , and ana l ys i s 
of complex deta i ls , but a lso the sett ing up of 
measurement , cost control, and contract 
procedures to take full advantage of 
potential sav ings of t ime and mater ia l in 
steel s t ruc tures in those s i tuat ions where it 
could and perhaps should be viable. 

Design approach 
It h a s been ment ioned • before that the 
market condi t ions for steel are such that it is 
now relatively cheaper and more readily 
avai lable than for some time. With the 
p ressures to const ruct more quickly ( a lways 
there but probably now stronger a s a result 
of high land va lues and the high cost of 
borrowing), we must be prepared to take 
advantage of steel f rames in the right 
c i r cums tances . 
We have seen that the steel as a mater ia l h a s 
become more competi t ive against concrete 
a s a mater ia l , but it is a l so worth consider ing 
what is happening to the ' f in ished ' product. 

On s imp le s t ructura l f rames, such a s 
sec t ions used in straightforward multi
storey f rames, the fabr icated and erected 
cost of the steel is perhaps more than 
double the cost of the raw mater ia l . Poss ib ly 
now the labour c o s t s are increas ing faster 
than the mater ia l itself, but in any event they 
represent the a rea of greatest f luctuat ion. If 
fabr icat ion is complex or diff icult, then the 
f in ished product cost c a n inc rease 
dramat ical ly, in some c a s e s reaching more 
than seven t imes the cost of the raw 
mater ia l . 

In th is age of increas ing accountabi l i ty, and 
more measurement of everything, we are 
often under pressure to produce max imum 
area for min imum mater ia l , under the 
proposit ion that th is will equate to min imum 
cost . C lear ly this is not a lways so, and the 
greater use of mater ia l , if accompan ied by 
less fabr icat ion and greater simplicity, c a n 
eas i l y be shown to produce a more 
economica l result. However, even in th is we 



need to be carefu l , a s recent developments 
in automated fabr icat ion p rocesses are in 
part chang ing the scene , and are making 
seemingly more complex fabr icated shapes 
more economica l through reduction in 
weight. 

Again measurement methods and contract 
procedures must be considered as part of 
the design cr i ter ia. Cons t rado have recently 
(perhaps belatedly) publ ished the result of 
independent a s s e s s m e n t s on several c a s e 
s tudies which show steel-framed bui ldings 
to give very cons iderab le sav ings in t ime 
over any reinforced concrete a l ternat ives, 
but much would depend on the contract 
procedures adopted, for it can very eas i ly be 
shown that in many c a s e s to ach ieve the 
sav ings in t ime, steelwork sub-contracts 
have to be let before the main contract , 
committ ing the cl ient to a p rocess which he 
might not want. New forms of contract such 
as the J C T 80 in the UK are making 
nominated sub-cont rac ts less attract ive to 
c l ients, and there are vested interests wh ich 
make it harder for the consul t ing engineer to 
overcome res i s tance to organizing cont rac ts 
in some other form to overcome this. In my 
view this is someth ing we must watch very 
carefully, part icular ly a s there are s igns that 

fabr icators do not like quoting main contrac
tors for steel sub-contracts , a s they cannot 
be sure they are quoting to al l the main 
contract tenderers, and are certa in to incur 
far greater tendering cos ts , which will of 
course have to be passed on to the c l ients. 
Compl ica ted measurement is often em
ployed, even for very smal l works, and 
inequitable condi t ions of contract imposed 
on the smal l man. Recent examp les of this 
on a sma l l steelwork sub-contract have pro
duced tender f igures perhaps three t imes a s 
high a s might be normal. By and large, this 
kind of di f f iculty does not apply to reinforced 
concrete work, and so we have to be carefu l 
to ensure that the right procedure be used if 
the overall a im is to be achieved. 
Two new graduates from different univer
s i t ies in the UK were interviewed recently to 
see if their c o u r s e s were perhaps b iased 
towards concrete, rather than steel , and it 
w a s quite encouraging to d iscover that there 
w a s no b ias . Both left university equally in
exper ienced in the two mater ia ls . However, it 
is plain, certa in ly in the UK, that from that 
s tage forward famil iari ty with steel does not 
come easi ly. We have recently completed the 
design of a large and complex phar
maceut ica l research laboratory, and this w a s 

ent i rely a s tee l so lut ion, with l ightweight 
steel or a lumin ium cladding. At one s tage, 
for planning and other reasons , the 
c laddings to a two-storey of f ice block were 
changed to brick, and the f rame changed to 
concrete, because the archi tect preferred 
detai l ing brick supported by concrete rather 
than by s tee l . Th i s i l lustrates that con
s iderable effort is needed to change that 
conf idence factor, and a lso the obvious point 
that, taken together, a decis ion for steel 
c ladding and steel f rames s e e m s 'right' 
whereas the heavy c ladding seems 'wrong'. 
W h y ? 

The quest ion of fire protection is fun
damenta l . The addit ion of mineral fibre 
sp rays or dry c ladd ings, etc., i nc reases the 
cost of the f rame by more than 3 0 % in the 
UK, al though this perhaps represents only 
around 1 2 % of the total cost of the 
structure, including f loors. In the U S A the 
inc rease is l ess because , presumably, there 
is far more competi t ion in the f ireproofing 
market. Within the fireproofing element, by 
far the largest element is for treating the 
beams ( 7 0 - 7 5 % ) a s opposed to the 
co lumns. If we can do something to reduce 
the beam element, we may ach ieve 
worthwhi le sav ings . 

Fig. 3 
Hall 7, Nat ional Exhib i t ion Centre 
B i rmingham: a s u c c e s s f u l use of 
exposed structural s teelwork 
Arch i tec ts : Edward D. Mil ls and Par tners 
(Photo: Ove Arup & Partners) 

Conclusions 
There is much evidence to suggest that steel 
a s a mater ia l is now relatively cheaper than 
it has been for some time, and is far more 
readily avai lab le. There is a growing demand 
from d iscern ing c l ients and spec i f ie rs to 
take account of th is, and we should seize the 
opportunity to promote its use in those 
c a s e s where we can gain advantage for our 
c l ients. It could be quite a potent weapon in 
our armoury. 
There are, however, some obs tac les in the 
way of the speci f ier and contractor in using 
steel . Many of these should be quite easy to 
reduce or even el iminate with the right 

approach. There is nothing magic about 
designing in s tee l , but rather it is a s imple 
quest ion of educat ion and training. The 
industry h a s lost a considerable amount of 
exper ienced people over the years , and we 
must examine how we are going to fit into, or 
even adapt to future needs. 
In designing in s tee l , we must not lose sight 
of the whole. Th i s is true of any mater ia l , but 
in the present s ta te of the art, it is 
part icular ly so for s tee l . We have seen how 
contract matters, quest ions of measurement 
est imat ing, and speed of construct ion are all 
major factors in the design process. 

The life cycle of the intuitive process: illustrated by the work of Labrouste 

• 

• 

Fig. 11 
St. Genev ieve Library 1 8 4 3 - banded 
barrel vau l ts in s tone replaced by 
banded barrel vau l ts in cas t iron 
(Photo: Arch i tec tura l Assoc ia t i on ) 

Fig. 12 
Bib l io theque Nat iona le 1862-8 
the a r c h e s wh ich combine to support 
the domes give ornamentat ion from the •am 
geometry. T h e f luted cas t iron co lumns 
remain inhibi ted by the tradit ion 
of s tone. (Photo: R a b Bennet ts ) 

Misplaced precedent 

Fig. 13 
Northumbrian 1830 
embel l i shed with S t e p h e n s o n ' s 
Cor in th ian f lut ing to the ch imney 

Good stuff. Baker replied at the Edinburgh 
Literary Insti tute. He expressed doubts a s to 
whether Morris had the faintest knowledge 
of the dut ies wh ich the great structure had to 
perform. How then could he judge the 
impression wh ich it made upon those that 
could appreciate the direct ion of the l ines of 
s t ress and the f i tness of the several 
members to res is t the fo rces? Probably, 
Baker went on, 'Mr. Morris would judge the 
beauty of a design from the s a m e 
standpoint, whether it w a s for a bridge a mile 
long or for a si lver ch imney ornament. It is 
impossib le for anyone to pronounce 
authoritat ively without knowing its 
functions. The marble co lumns of the 
Parthenon are beauti ful where they stand 
but if we used it a s a funnel for an At lant ic 
liner, it would to my mind c e a s e to be 
beautiful but of course Mr. Morris may think 
otherwise'. 

The dangers of new technology 
New technology could no longer be ignored 
by those support ing precedent, partly 
because technology had to be compre
hended in order to at tack it and partly 
because the technolog is ts themse lves were 
not above abus ing their new found talent. 
Benjamin Baker w a s very well aware of this. 
His great d ictum w a s that all theoret ical 
ca lcu la t ions involved assumpt ions that were 
often convenient rather than true; that they 
could be valuable a s a check but d isas t rous 
if accepted with blind faith. Technology, he 

Fig. 14 
Emperor Hirohito of J a p a n (left) with 
h is chief of s ta f f inspect ing sound 
de tec tors for locat ing enemy a i rcra f t , 
O s a k a 1934 

held, w a s of little value un less it w a s 
accompan ied by pract ica l exper ience, sound 
judgement and bold init iative. 
Other protagonists of new technology were 
tolerated more sympathet ical ly. Perhaps the 
forms were less outrageous even if 
precedents were absent . Bur ton 's 
greenhouse at Kew and Pax ton ' s work at 
Chatswor th and the resul ts at the Crys ta l 
P a l a c e are test imony to this. S tephenson 's 
Br i tannia Bridge w a s much admired. (Th is 
itself has been ruined by the intervention of 
an unsympathet ic technological repair.) 
A point had been reached where, for many 
s t ructures, the archi tecture w a s derived from 
the engineer ing. 

Without the development of archi tectura l 
forms relevant to new technology, the 
pendulum could swing even further from 
precedent but a lso away from the intuition 
Baker recognized towards the god of 
ana ly t ica l methods. Shel l Mex House, built 
in 1933, w a s descr ibed a s archi tecture 
sacr i f i ced on the altar of structural engineer
ing, and the new wave of bui ldings a s 
Port land Stone quarr ies hung on s tee l 
f rames. 
But even the epitome of advanced 
technology, the explorat ion of space , s h o w s 
us that the world of precendent remains al ive 
and wel l , a s compar ison of R u s s i a n and 
Amer ican man landing veh ic les demon
st ra tes. The Northrop Corporat ion 1966 lunar 
vehicle is straight out of D isney land. 

Lunokhod 1, which landed on the moon in 
1970 looks like a tradit ional samovar. The 
r ise of the corporate cl ient h a s a lso brought 
with it new problems for the designer. The 
principal of these is his inabil ity to deal with 
the totality of the design problem. He now 
f inds himself pari passu with the execut ive in 
a n iche in his c l ient 's hierarchy. The very 
e s s e n c e of design is the need to t ranscend 
art i f icial ly created boundar ies. The threat of 
the corporate cl ient is the precedence of his 
own organizat ion. Un less great care is taken, 
an intuitive design approach can c a u s e 
ruct ions. We have not yet learned how best 
to relate to the large corporate organizat ion 
and yet sti l l retain our ability to innovate. 
Coda 1 and 2 
Derek summed up h is talk in two thoughts: 
(1) Most a rch i tec ts ' work and most of our 
work is concerned with bui ldings which lie in 
sca le between the house and the tower or 
bridge where the structure is dominant. At 
this in-between s c a l e , whether structure is 
expressed or not is a funct ion of the 
arch i tec t 's personal morality of form. What 
we find to day is a sea rch for originality 
where many of our luminaires ca s t light only 
on themse lves , leaving pr inciples in the dark. 
Lack ing originality, there is an obedience to, 
but not a l istening to the precedent. 
Remember B lake: 'we are led to believe in a 
lie when we see with, not through, the eye'. 
The engineer for his part with h is now very 
powerful analy t ica l tools - the new a l ta rs of 
our profession - is probably sacr i f i c ing his 
intuition at an a larming pace, encouraged by 
the academ ics with wh ich he spends the 
most formative years of his life. 
The charac te r i s t i cs sought today are those 
of performance, heat, light, sound , durability, 
adaptabi l i ty and so on. A s we seek to spec i fy 
them to define our p laces , we remove 
ourse lves from the reality of the mater ia ls 
themselves. 
A s we remove ourse lves from the mater ia ls , 
we remove ourselves from the forms they 
take and thence from the development of 
any structural intuition. 
(2) In the construct ion industry, new 
mater ia ls and their fabr icated e lements 
replace or subst i tute for old mater ia ls . The 
form of the new cop ies the form of the old. 
Arch bridges in stone are replaced by arch 
bridges in cas t iron; cas t iron baths by 
p last ic baths in exact ly the s a m e form. 
In the St . Genev ieve Library, 1843, Labrous te 
replaced banded barrel vaul ts in stone by 
banded barrel vaul ts in cas t iron. The deta i ls 
of the a rches c lear ly indicate they were 
cas t ' and the joints di f ferent iate for us what 

w a s made off-site from that connected on-
si te. 
At the time Labrouste designed the National 
L ibrary in 1862-8, cheap puddled wrought 
iron w a s avai lable. Here the a r ches which 
combine to support and def ine the domes 
have a completely different express ion . The 
parts are clear ly rolled or hammered and 
rivetted together. P r o c e s s and engineering 
are evident with ornamentat ion from the 
geometry of the parts and no ca s t fol iage a s 
in the first library. The column remains cas t 
iron fluted and with an Ionic Cap i ta l - or 
one could say it remains inhibited, like all 
19th century co lumns, by the tradit ion of 
stone. 
Reprise 

The theme d i lemma - precedent v. intuition 
- remains unresolved. But we are more self-
aware. One wonders whether such self-
a w a r e n e s s is inhibit ing. The next t ime you 
are detai l ing a concrete column to resemble 
the steel co lumn the archi tect really wanted 
if only the fire regulat ions permitted, will you 
be daunted? And will you be able to conv ince 
your peers of the wisdom of precedent and 
the need for intuit ion? 29 



The skeletal frame 

• 

Fig. 7 Fig. 8 
S h e e r n e s s Boat Store Albert Dock bui ld ings in 
by C o l . Green 1858-60 Liverpool by Hart ley 1848 

the Doric C o l u m n s are c as t iron the f rame emerges 

Intuition and the first iron frames: 
T h e first iron f rame bui ldings in Eng land had 
no real arch i tectura l precedents except in 
the external wa l l s and the en tas is of the cas t 
iron co lumns . Ear ly examp les are at Milford 
1792-3, Shrewsbury 1796-7, Sal ford 1899-01, 
Leeds 1802-3 and Belper 1803-4. 
The use of iron spread to the external wa l l s 
a s in Arkwr ight 's Masson Mill, Cranford, 
1783, the cas t iron Doric co lumns in 
Har t ley 's Liverpool Dock, 1845, and the boat 
s tore at S h e e r n e s s , 1858-60. In each c a s e , 
however, e lements of the iron construct ion 
were const ra ined by precedents developed 
rat ional ly in other mater ia ls . 
The metamorphosis of the column: 
The t rabeated form of archi tecture (column 
and lintel) w a s derived for masonry 
const ruct ion by Greek intuition. The pract ice 
of shap ing the co lumns to suit the 
perspect ive from which bui ldings were most 
frequently v iewed and the decorat ion to the 
co lumn capi to ls and sha f t s became 
embodied in str ict 'orders ' wh ich were 
writ ten down and i l lustrated. T h a n k s to 
Vi t ruvius, the rules were preserved so that by 
the t ime Europe had emerged into the 
R e n a i s s a n c e , there w a s an es tab l ished 
precedent for the appearance of co lumns. 
When masonry w a s replaced by a new 
mater ia l , cas t iron, des igners found it hard to 
break with convent ion. Hence J e s s e 
Har t ley 's cas t iron co lumns at Liverpool 
dock, already ment ioned, al though 
handsome, were stone look-al ikes. And in 
the first iron-framed bui ldings, the cast- i ron 
co lumns remain const ra ined by precedent. 
The reason not to break convent ion is 
unclear. Poss ib ly it w a s the fact that a 
co lumn is a plain af fa i r as def ined by 
funct ion. The link that a l lowed the precedent 
to be fol lowed w a s the technology of t imber 
- used a s patterns by both masons and iron 
founders. 
Not knowing how to deal with co lumnar 
e lements s e e m s to have pers isted a s a 
problem, for we find many otherwise 
funct ional ob jects having c l ass i ca l embel
l i shments . Even Robert S tephenson 
succumbed . In 1830, one of the locomot ives 
he designed, The Northumbrian, w a s put into 
serv ice resplendent with a Corinthian f luted 
chimney. 
The des igner 's d i lemma in defining an 
intuitive solut ion in cas t iron w a s only rarely 
solved elegantly. By 1874-75, Jab rous te w a s 
ab le to def ine an al t ru ist ic form for the cas t 
iron column in the second of his library 
bui ldings - the National Library. Gone is the 
ornamentat ion and the iron foliage. Instead 
the co lumns merge with the domes they 
support and the form exp resses the pro
c e s s e s of rolling and forging involved in their 
manufacture. Only the shaf t remains fluted 
a s a throw-back to earl ier precedent. 
A s we shal l see later the problem of the 
co lumn w a s more general ly overcome 
because of two factors - f irstly the need for 
fire protection; secondly and more important 
the fact that concrete and steel had become 
widely avai lable by the 1890s and these did 
not permit the easy copying of Greek order. 

Railways and the ecclesiologists hit back 
The rapid development of the rai lway from 
1825 onwards gave engineers rather than 
arch i tec ts the c h a n c e to produce iron 
s t ruc tures for an entirely novel set of require
ments and this they did. L ime Street, 
Liverpool 1836, Eus ton , the Trijunct at Derby, 
Temple Meads and York are al l early 
examp les . Th i s new-found opportunity to 
derive new and appropriate solut ions in new 
mater ia ls and for new uses did not go 
unchal lenged. How dare c l ass i ca l sty le be 
ignored. Pugin in his 'Apology for the Revival 
of Pointed or Chr is t ian Archi tecture ' felt that 

28 the Tudor embel l i shments to Brunei 's Temple 
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Meads Stat ion, despi te their theoret ical 
re levance to the hammer beam roof of the 
shed , give the edi f ice the air of a 'mere 
car icature ' ; 'mock caste l la ted work, sh ie lds 
without bear ings, ugly mouldings, no-
meaning project ions and al l sor ts of 
unaccountab le breaks . . . make up a design 
at once cost ly and of fensive and full of 
pretensions'. Clear ly heresy must be 
s tamped out. T h u s did the Chr is t ian 
Funct iona l is t give his verdict on what w a s 
certainly 'engineers ' architecture'. 

The skyscraper is born 
Notwithstanding such attempted divine 
interventions the use of metal f rames pro
gressed, if only slowly. By the middle of the 
18th century, iron had been used in 
commerc ia l bui ldings on both s ides of the 
At lant ic: J a m a i c a St. , G lasgow and Oriel 
Chambers in Liverpool (whence the oriel 
window) and bui ldings by Bogardus and the 
Badger in New York ( including the Ot is 
Bui lding contain ing the first public lift.) 
Bogardus ' bui ldings caught on fast as they 
were avai lable ex-stock in kit form and it took 
the concer ted efforts of the New York 
Arch i tec ts to have fire codes changed 
effect ively to put an end to his chal lenge to 
their province. 

About this t ime the initiative in building 
frame design c rossed the At lant ic, 
germinated, then took a leap forward with 
the manufacture of steel sec t ions which, 
unlike their iron antecedents , were of higher 
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Fig. 9 
Guaran ty Bu i ld ing, Bu f fa lo , U S A 
1894-95, f acade 

Fig. 10 
She l l Mex House 1 9 3 3 - Port land S tone 
quar r ies hung on s tee l f r ames a s 
a rch i tec tu re is sac r i f i ced on the 
a l tar of s t ruc tura l engineer ing 
(Photo: Arch i tec tura l Assoc ia t i on ) 

strength part icular ly in tension. Adler and 
Sul l ivan are usual ly credited with designing 
the bui ldings which are regarded a s the first 
modern steel f rames - the C a s s o n Bui ld ing 
and the Pir ie and Scot t Bui ld ing, both in 
Chicago, and The Guaranty Building, Buffa lo. 
Engineers' architecture and more conflict 
with precedent: 
Meanwh i le eng ineers were f inding other 
novel appl icat ions for which no archi tectura l 
precedent ex is ted. 
Be tween 1795 and 1803 Telford const ructed 
the Pont Cysy l l te aqueduct carry ing the 
E l lesmere cana l over the River Dee near 
L langol len. The form of the iron trough 
spann ing the masonry co lumns is s impl ic i ty 
itself, echoing only the loads being res is ted , 
and has no formal memor ies. Sir Walter 
Scot t ca l led it: 'The greatest work of art he 
had ever seen ' - pra ise indeed. Incidently 
the work of art w a s only produced after 
Telford had success fu l l y tried out the design 
on much more modest sca le at Longdon-on-
Tern in 1795. 

Then c a m e the Forth Bridge designed by 
Mess rs . Fowler and Baker, built between 
1883 and 1889 and representing a s c a l e 
change in the possib i l i t ies of steelwork 
const ruct ion. It too at t racted influential 
c r i t ics . Wi l l iam Morris sa id 'There never 
would be an archi tecture of iron, every 
improvement in machinery being higher and 
higher until they reach the supremest 
spec imen of all ug l iness - the Forth Bridge'. 

Fire protection 
Margaret Law 
Introduction 
In 1980, Ove Arup and Partners and C B L I A 
(Centre Be lge-Luxembourgeois d' lnforma-
tion de I'Acier) completed a joint study of 
research into the behaviour of s t ructura l 
steel e lements exposed to fire. The study 
w a s f inanced by the European Coa l and 
Steel Communi ty ( E C S C ) with the purpose of 
identifying priorit ies for research in the field 
of fire safe ty of building construct ion. We 
interpreted the broad purpose of E C S C -
funded research to be to increase the use of 
steel in bui lding. We therefore tried to 
identify not only obs tac les to the use of steel 
but a lso c i r c u m s t a n c e s favouring its use. 
Th i s note summar i zes our f indings and 
inc ludes some later information. 
Behaviour of steel in fire 
A s with other structural mater ia ls , the 
mechan ica l propert ies (tensi le strength, 
yield strength and Young's modulus) 
dec rease with temperature. Va lues have 
been codif ied for design? Mild steel , pro
vided it h a s not exceeded a temperature of 
about 900°C, recovers most of its strength 
op cool ing. 

The heated s tee l element will fail when the 
yield s t ress d e c r e a s e s to the va lue of the 
working s t r ess . (Th is can alter with the 
formation of p last ic hinges.) The steel 
temperature at th is moment is defined a s the 
cr i t ical temperature. It depends essent ia l l y 
on the loading, the degree of restraint, the 
end condi t ions, and the type of s tee l . It is 
therefore a m is take to define a s ingle value, 
540°C for example , for the cr i t ical 
temperature of s tee l . 
Before the element at ta ins its cr i t ica l tem
perature, it c a n deform under the e f fec ts of 

expans ion and reduction of Young 's 
modulus c a u s e d by inc rease of temperature 
and/or temperature gradients in the sect ion. 
In f i res larger def lect ions than normal can be 
accep ted , general ly at least span/30. 
B e c a u s e of its high thermal conductivity, 
uniform temperatures are attained rapidly in 
many s tee l sec t ions . For a given rate of 
heating, a heavy sect ion wil l heat up more 
slowly than a light one; the massiv i ty of the 
sect ion (volume in relation to exposed 
sur face area) h a s a s igni f icant effect on i ts 
per formance in fire. 

It 

Figs. 1-2 
The Centre Pompidou, Pa r i s . 
Arch i tec ts : P iano & Rogers 
(Photos: Ove Arup & Partners) 

Steel structures and fire safety 
There is no ev idence to suggest that in 
bui ldings des igned to modern s tandards of 
construct ion, the structural mater ia l itself 
has an ef fect on the life risk, i.e. there is no 
reason to bel ieve that a person in a modern 
steel- framed building is more likely to suf fer 
injury or death by fire than a person in a 
modern building of concrete, brick, wood or 
masonry const ruct ion. 
Most major property l osses in f i res are those 
in industr ial bui ld ings - wa rehouses and 
large production and storage a r e a s - and it 
is the loss or damage of the contents wh ich 
makes up the main cost of the fire. The 
c a u s e s of fire spread include such features 
a s combust ib le mater ia ls on wal l and roof 
su r faces , delay in detect ion, lack of compart-
mentat ion and poor detai ls at junct ions of 
compar tments . There is no reason to bel ieve 
that the use of steel construct ion is more 
likely to lead to these major fire l osses . 

Fire protection of steel 
Properly des igned steel construct ion c a n 
give adequate fire res is tance and in many 
s i tuat ions subsequent repair, part icular ly for 
mild steel , is a s imple operation. In certa in 
c i r cums tances very little fire res is tance may 
be needed, either because the potential fire 
exposure can be demonstrated to be low or 
because the s tee l can be sacr i f i ced in the 
event of fire without prejudice to the overal l 
fire safety object ives. 

Normally, it is necessary to design the 
e lements so that the steel does not reach its 
cr i t ical temperature within the fire res is
tance period imposed by regulat ions. Regu
lat ions take into account exper ience of 
bui lding f i res and , in a somewha t arbi trary 
way, the nature, height and use of the 
building. The periods of fire res i s tance speci 
fied range from a half hour to two hours, or 
even four hours for certain locat ions deemed 
to be part icular ly dangerous. 

1 
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In certa in c i r c u m s t a n c e s there are no fire 
res i s tance requi rements and the steel needs 
no protection. When protection is needed 
the fol lowing m e a s u r e s may be possible: 
• exploit ing the advantages of low s t ress , 

large mass iv i t y 
• p lacing e lements outs ide the building 
• cool ing e lements by automat ic water 

spray 
• cool ing hol low e lements by water fil l ing 
• p lacing s c r e e n s ( fa lse cei l ings, partit ions) 

between the element and the fire 
• c ladding the element with an insulat ing 

mater ia l . S u c h mater ia ls can be 
in tumescent paint, plaster, mineral fibre, 
cement , concrete. They can be applied 
alone or mixed, and sprayed, trowelled or 
in the form of boards. 

Steel without cladding 
Fire resistance of 
unprotected steel elements 
Where the per formance requirement is 
d ictated by building regulat ions then it is 
c lear that one must a im to provide a fire 
res i s tance of at least 30 minutes. For a given 
grade of steel and s t ress level, the fire 
res i s tance var ies inversely with the 'sect ion 
factor ' P/A m - 1, where A is the cross-sect ion 
a rea and P the exposed perimeter. Most steel 
e lements in common use have a sect ion 
factor of 250m - 1 or greater and for an 
unprotected mild steel element with the 
usua l des ign s t r e s s th is g ives a fire 
res i s tance of about 15 minutes when the 
element is sub jec ted to the standard fire 
res i s tance test. ( 'Massiv i ty ' is the inverse of 
the sect ion factor). 

To ach ieve larger periods of fire res is tance it 
is n e c e s s a r y to vary, either singly or in 
combinat ion, the sect ion factor, the s t ress 
level and the grade of s tee l . A column with 
P/A = 2 9 m - 1 (equivalent to a sol id 140mm 
square) would give 30 minutes fire res is tance 
P/A = 1 1 m - 1 (equivalent to a solid 360mm 
square ! ) would give 60 minutes (average 
temperature of 540°C)3 

The relat ionship between fire res is tance and 
s t r e s s level can be est imated fairly readily 
for e lements with uniform temperature 
distr ibut ion 2 . However, it h a s been observed 
in fire res i s tance tes ts that the temperature 
of steel beams var ies both along and a c r o s s 
the sect ion and fai lure may not occur even 
when the temperature of the lower f lange 
e x c e e d s 600°C. At the moment, s ince 
ca lcu la t ion methods a s s u m e a uniform 
temperature distr ibut ion, correct ion factors 
have been in t roduced 2 . 

Water cooling 
Water fil l ing of hol low sec t ions has become 
a wel l -accepted method of keeping steel 
cool without the use of c ladding. The main 
problems are the avo idance of dry pa tches 
of steel wh ich would overheat, and the 
provision of adequate water to replenish that 
which boiled away. A simply-f i l led co lumn 
without replenishment can provide over 30 
minutes fire res is tance , but not as much a s 
60 minutes. Ex is t ing s y s t e m s therefore 
usual ly incorporate storage tanks and a lso 
may provide ex t ra water by inter-connection 
of co lumns . Much interest has been shown 
in the possibi l i ty of using simply filled non-
replenished co lumns for two-or perhaps 
three-storey bui ldings, the water in the top 
storey being used to replace that boiled off 
should a fire occur in the lower storey. 
However, the l ikely flow pattern within the 
heated column is not wel l es tab l ished; it has 
been sugges ted , for example , that the two-
phase flow of s team bubbles and water 
could give r ise to surging and large water 
l osses . Ex is t ing da ta for two-phase flow 
have been obtained from tes ts with smal l 
d iameter pipes (of order 25mm) and cannot 
be extrapolated with conf idence to 

d iameters wh ich are an order larger. 
However, the ef fect is only likely to occur for 
large heat- inputs, when co lumns are heated 
over two or more storey heights. 
Design methods are avai lable for replen
ished water-cooled sys tems wh ich deal 
mainly with the a s s e s s m e n t of the amount of 
water s torage needed to replace the water 
boiled off, and the assoc ia ted supply 
s y s t e m s * T h e s e methods are related to 
exposure from the s tandard fire and take no 
account of how the fire might behave in 
pract ice. 

Concrete filling 
B e c a u s e of expans ion of the s tee l , there is 
negligible cool ing effect when hollow 
sec t ions are fi l led with concrete; thus the 
main st ructura l per formance in fire 
condi t ions is provided by the concrete core. 
A very large research programme has been 
completed but it has not been possib le to 
es tab l ish an ana ly t ica l design procedure. 
Some empir ica l re lat ionships are avai lable. 
Profiled steel sheet floors 
Profi led steel sheet may be used either as a 
non-composite shutter or as fully composi te 
flooring for reinforced concrete s labs . When 
used a s a compos i te floor it is diff icult to 
gain a c c e p t a n c e for more than Vz hour of fire 
res i s tance un less cladding is appl ied to the 
exposed face of the steel sheet or ext ra 
reinforcement is p laced in the concrete. 
There is a s yet no wide agreement on the 
way to design such f loors for fire res is tance. 
See a lso the sect ion on profiled steel sheet 
and concre te f loors. 
Low fire exposure - internal 
If the fire exposure inside a building is 
suf f ic ient ly low then it can be estab l ished 
that the steel e lements do not reach cr i t ical 
temperatures and the standard fire exposure 
is not relevant. The best known example is 
car parks where tes ts have demonstrated 
that a fire involving a motor car is smal l and 
is not l ikely to spread to ad jacent ca rs . In 
addit ion, s ta t i s t i cs indicate that the risk of 
fire occurr ing in a parked car is so low that it 
has not yet been quanti f ied. 
F i re exposure may be low because there is a 
smal l fire load in relation to the 
compartment s ize and venti lat ion. Methods 
of ca lcu la t ing the potential fire exposure 
already exis t and a method of est imat ing the 
distr ibution of sever i t ies of fire exposure in 
rooms (total burn-outs), using resul ts of fire 
load surveys , has been developed 5 . These 
a n a l y s e s could be combined with s ta t is t ica l 
data on acc identa l fire behaviour to provide 
an es t imate of the risk of a burn-out 
occurr ing. The benefic ial e f fec ts of 
automat ic spr inkler s y s t e m s could a lso be 
included. The types of low fire load buildings 
for wh ich s u c h an approach could be 
profitable are low-rise schoo ls , o f f ices, 
hospi ta ls , spor ts ha l ls and concourses in 
bus s ta t ions, train s tat ions and airports. 
Low fire exposure - external 
It is well es tab l ished that at certain posi t ions 
outside the facade of a building the fire 
exposure will be so low that c ladding of steel 
e lements is not needed. The external fire 
exposure var ies not only with posit ion but 
a l so with fire load, window area and shape, 
compartment a rea and shape. 
Design manua l s are avai lable to ca lcu la te 
the external fire exposure and the 
consequent s tee l temperature 6 7. The design 
method h a s been used to ca lcu la te an 
average temperature a c r o s s the sect ion, by 
analogy with interior steel e lements. 
Al though it w a s known that in pract ice there 
could be large temperature gradients there 
were no test data avai lable at that t ime 
which a s s e s s e d the importance of this 
ef fect . Later research with external 
co lumn/beam assemb l i es under load 
showed that mechan ica l stabi l i ty could be 

maintained even though local f lange 
temperatures up to 800°C were measured. 
Resu l t s such a s these, if general ized, could 
greatly extend the design method. In the 
original ana l ys i s of external fire e x p o s u r e 8 

conservat ive assumpt ions were made about 
wind e f fec ts because of the lack of test data. 
More information about the e f fec ts of 
through draughts would be valuable. 

No requirements for fire resistance 
There are certa in c i r cums tances where it is 
general ly agreed that fire res is tance is not 
needed on the grounds of life safety: for 
example , single-storey bui ldings and roof 
s t ruc tures are not usual ly required by 
regulat ions to have fire res is tance if the 
e s c a p e routes are adequate and there is 
little risk of fire spread to adjacent buildings. 
In other c i r cums tances , however, fire re
s i s t ance requirements are made without any 
c lear indicat ion whether these are for the 
protection of the occupan ts of the building, 
or to a s s i s t the Fi re Br igade to control the 
fire. There is a tendency to a s s u m e that 
providing fire res i s tance for every element of 
structure must automat ica l ly increase safety 
for the occupan ts , when in fact other 
measu res , such a s smoke control or 
automat ic spr ink lers, could be more 
ef fect ive. However, it is diff icult to ana lyze 
the problems and find the best so lu t ions 
when the purpose of the regulat ions is not 
made expl ic i t . There is no agreed bas i s 
avai lab le wh ich def ines acceptab le levels of 
fire safety for s t ruc tures , taking into account 
the se r i ousness of the consequences of 
s t ructural fai lure for either life or property. 
It is by no means c lear ly es tab l ished what 
the per formance of each element of 
st ructure should be during the course of a 
fire. For example, is it necessary for each 
element of wind bracing to be protected? Is 
the loading during the course of the fire 
changing s igni f icant ly - either for the better 
or for the worse? It h a s been suggested that 
if the wal l and roof panels of an industr ial 
building are destroyed quickly by fire, then 
the steel f rame is very under-st ressed and 
c a n survive without c ladding. Th i s would 
certainly expla in why unprotected portal 
f rames in pract ice behave better than could 
be expected when exposed to acc identa l 
f ires. A design method for unprotected portal 
f rames is ava i lab le 9 . 
Steel with cladding 

In the select ion of a material for fire 
c ladding, the designer takes into account 
the fol lowing factors: 

• suitabl i l i ty for use and method of 
instal lat ion (archi tectural , environmental , 
technica l and economic aspec ts ) 

• t h i ckness of the c ladding according to the 
fire res is tance required (whether by test or 
by ca lcu lat ion method) 

• ma in tenance of i ts integrity and insulat ing 
propert ies. 

Results of standard fire resistance tests 
In principle the designer cons iders two 
aspec t s : 

• the heat t ransmiss ion through the 
c ladding material and the consequent 
temperature r ise of the steel 

• the structural behaviour of the heated 
steel element and the temperature or 
temperature distr ibution at wh ich a 
cr i t ical condit ion occu rs 

and for these the necessary data must be 
provided by tes ts . In pract ice, the only 
information likely to be avai lable is the result 
of a s tandard fire res is tance test which gives 
the fai lure time for a spec i f ic steel element 
protected by a certa in th ickness of a spec i f i c 
mater ia l . It is diff icult to separate out the 
information needed if the resul ts of the test 
are to be applied more generally to a s s e s s . 

Early examples 
of precedent and intuition 

Fig. 1 
Temple ga teway near Can ton 
cen tu r ies of precedent 
embodied in an 8th century 
bui lding code 

Fig. 2 
An-Chi Br idge 
a c r o s s C h i a o Shu i River -
eng ineer 's intuit ion 
of the s a m e period 

The arch bridge bears a c lose resemblance 
to Lu tyens ' Runnymede bridge of 1935 
(though the connect ion is not thought 
deliberate) and a lso with Arups ' own bridge 
at Runnymede (which del iberately con
strained itself within the earl ier precedents 
though not without modif icat ion). 
Substitution of new materials: 
Unaware of the Ch inese precedent, intuitive 
des igns for br idges appeared in Europe 
much later - Leonardo 's temporary bridge 
of 1490 and Renn ie ' s Wye Br idge at 
Cheps tow are good examp les . 
When it w a s decided to bridge the Severn at 
Coalbrookdale, the natural cho ice of 
material w a s masonry. But Coalbrookdale 
w a s the centre of iron making in Eng land in 
the 18th century and the archi tect T h o m a s 
Pr i tchard sought the cho ice of one 'iron-
mad ' Wi lk inson. Not surpr is ingly the bridge 
w a s built of c a s t iron, wh ich at least 
i l lustrates how arch i tec ts can be af fected by 
pass ion . The bridge is a good example of 
how a new mater ia l - in this c a s e cas t iron 
- is merely subst i tuted in a solut ion for 
wh ich a precedent already ex i s t s . The link in 
th is c a s e is the pattern maker whose ski l l in 
forming the cas t ing moulds para l le ls his 
abil ity to manufacture timber centr ing. 

Bridge design 

Fig. 3 
Runnymede Br idge by Lu t yens 1 9 3 5 -
Precedents 
(Photo: Ove Arup & Par tners) 

• 

Fig. 4 
Runnymede Br idge by Arups 1979 
Preceden ts with a cer ta in s ty le 
(Photo: Ove Arup & Par tners) 

Fig. 5 
Longdon-on-Tern aqueduct 
by Tel ford 1 7 9 5 -
an intuit ive tr ial of c a s t iron 
for a greater project 

Fig. 6 
Pont -Cysy l l te aqueduct by Telford 1795-1803-
Hai led by S i r Wal ter Scot t a s the greatest work 
of art he had ever s e e n 
(Photo: Arch i tec tu ra l Assoc ia t i on ) 



Working stress method 
Design of composi te sec t ions by the working 
s t ress method is in acco rdance with e las t ic 
theory using a t ransformed area approach 
and assuming no sl ip at the concrete steel 
interface. The a rea of s lab in tension is 
neglected in ca lcu la t ing the area. 
Ru les are given for ca lcu la t ing the effect ive 
moment of inert ia and ef fect ive sect ion 
modulus where profi led sheet ing is used. 
Permiss ib le s t r e s s e s are the relevant va lues 
in the steel and concrete codes. 

Serviceability 
Stress 
For unpropped construct ion the s t r e s s e s in 
the steel beam must not exceed 0.9 Fy under 
serviceabi l i ty loads. 
Deflection 
Def lect ions can be ca lcu la ted using a 
modular ratio of n for t ransient loads and 3 n 
for sus ta ined loadings. A general deflect ion 
limit of span/250 is suggested with span/ 500 
or an absolute value of 20mm where damage 
could result from def lect ions. 
Def lect ions during the construct ion s tages , 
part icular ly for unpropped construct ion, 
should be borne in mind when consider ing 
the need for cambers . 
Vibration 
Comparat ively light s t ructures can result 
from composi te design and the Aust ra l ian 
code gives guidel ines aimed at l imiting 
damage to the structure or d iscomfort to the 
occupants . 
(a) Floor f requency should be greater than 5 

Hz for occupanc ies such a s resident ial 
f loors and schoo ls . 

(b) Floor f requency should be greater than 10 
Hz for repetit ive act iv i t ies s u c h a s 
danc ing, un less there is a large amount 
of damping. 

(c) Transient vibrat ions can c a u s e d iscom
fort or annoyance to occupan ts , and 
spec ia l is t l i terature should be consul ted. 

(d) For further guidel ines reference can be 
made to a paper by D. L. Al len: 
'Vibrat ional behaviour of long span floor 
s labs' . Canad ian Structura l Engineer ing 
Conference Proceedings, Toronto 1974. 

Ductility 
To ensure a ducti le response of the beam 
there is a requirement that the depth of the 
neutral ax i s of a T beam sha l l be not l ess 
than 16% of the overall depth of the sect ion. 

Shear connection 
The funct ion of the shear connector is to 
t ransmit horizontal shear between the 
concrete s lab and the steel beam and to 
ensure that there is no phys ica l separat ion. 
Regard less of the method used to determine 
the f lexural strength, shear connectors are 
des igned by the load factor method. 
Charac te r i s t i c s t rengths of both stud and 
channe l connectors are given for var ious 
concrete strengths. Connec to rs are provided 
to resist the whole of the compress ive force 
and are usual ly distr ibuted uniformly 
between the points of zero and max imum 
moments . Where beams support heavy 
concent ra ted loads, distr ibution should be 
accord ing to the shear force d iagram. 
Transfer of longitudinal shear in concrete 
It is necessa ry to check potential shear 
fai lure p lanes to ensure that the horizontal 
force can be t ransmit ted to the concrete. The 
code requires min imum t ransverse reinforce
ment to c ross the shear p lanes in the bottom 
of the s lab. 
Composite decking 

An Aust ra l ian code covering compos i te 
s l a b s is yet to be prepared. At present only 
two types of deck ing are avai lable for use in 
composi te deck construct ion. 
Both deck ings are galvanized and avai lable 
in two th i cknesses . Design manua ls enable 
se lect ion of s lab t h i ckness and negative 
mesh reinforcement for s imple loading 
s i tuat ions. Ful l design procedures require: 

(a) Check on panel s t r e s s during 
construct ion loading 

(b) C h e c k on panel def lect ion under 
construct ion loadings 

(c) Shear under const ruct ion loading 
(d) Total panel s t ress due to s lab dead load 

and super imposed loads 
(e) Shea r and bond on the composi te s lab 
(f) Deflect ion of the compos i te s lab 
(g) Concre te s t ress in the composi te s lab. 

Permiss ib le s t r e s s e s and def lect ions are 
based on ex tens ive load test ing and are 
nominated in the manua ls . 
Fireproofing 
B a s e d on full s c a l e fire tes ts , design cr i ter ia 
have been determined under wh ich , for given 
s lab t h i c k n e s s e s , the provision of fire 
emergency reinforcement will enable fire 
res is tance rat ings of up to three hours to be 
achieved. Th i s means that only the 
support ing steel beam requires spraying or 
other measu res to ach ieve a fire rat ing. The 
provision of this reinforcement has been 
es tab l ished for given s p a n s and 
super imposed loads, and is usual ly a 
considerably more economica l way of 
achiev ing the necessary fire rating than 
spray ing the metal deck soff i t . 
Practical considerations 
Shear s tuds welded through the decking are 
the usua l method of shear connect ion with 
the concrete s lab. It is important to ensure 
that there is an adequate power source and 
that the inter face su r face between the 
decking and the steel beam is c lean , dry and 
free from loose rust or sca le . 
Considerat ion should be given to applying 
the s tuds in the field rather than the fabric
ation shop because of the r isk of r iggers 
erect ing the steel tripping on the s tuds . 
Stud shear connectors adequately fix metal 
decking to support beams. Alternatively 
puddle welds can be used. 
Propping of the decking may be necessary to 
limit def lec t ions during concret ing. Altern
atively, propping can be avoided by locat ing 
the support beams at appropriately c lose 
spac ings . 

If there is no propping, def lect ions can be of 
suf f ic ient magnitude for the concrete 
actual ly p laced to be s igni f icant ly more than 
the quantity ca lcu la ted from the theoret ical 
th i ckness . 

Soffit fixings 
For soff i t f ix ings to hang cei l ings, ducts , 
pipes, etc. , the metal deck ing must be 
dril led. F l a s h welding pins are not regarded 
a s sat is factory. In the c a s e of Bondek 
spec ia l nuts can be fitted into the f lutes to 
support l ightweight cei l ings. 

Precedent 
and intuition 
in design 
John Roberts 

Overture 
No seminar is complete without an histor ical 
review of the subject in quest ion. It a l lows us 
to compare past ach ievements with present 
efforts. Derek Sugden ' s talk w a s a s t imely a s 
it w a s fasc inat ing . He led his audience, 
through the myster ies of design achieve
ment from early Ch ina to just short of the 
present day. The ach ievements of present 
day ' lumina i res ' - h is term for the ack
nowledged leaders of contemporary design 
- were left for another day - a pity. 
Of course Derek cheated. The talk w a s not, 
a s bil led, about the ske le ta l f rame. Instead 
he talked about the design p rocess . Few 
real ized, fewer cared for the aud ience w a s 
caught on the horns of the theme d i lemma. 
To what extent is (or ought) design to be 
const ra ined by our own expecta t ions -
'precedent ' ; and to what extent is it (or 
should it be) a funct ion of our own 

26 immediate emotion - ' intuit ion'? 

Precedent in design a r i ses from a number of 
sou rces - legis lat ion, mater ia ls , manu
fac tur ing cons t ra in t s , form and appea rance 
- and our own abi l i ty to ana lyze prob lems. 
The danger in fo l lowing a precedent is when 
the context c h a n g e s so that the solut ion is 
no longer appropr iate. 
Extrapolat ion requires care. Precedent 
rel ieves Soc ie t y ' s concern about rad ica l ism 
but can lead to anonymity and i rrelevance. 
Derek quoted B l a k e ' s 'Augur ies of Inno
cence' , 'we are led to believe in a lie when we 
see with, not through the eye'. 

Intuition on the other hand is our abil ity to 
find new solut ions to novel problems. It 
requires that we cas t aside predilections and 
so lve the problem on its own meri ts. Voltaire 
in the 'Temple de Gout ' summed up his 
appreciat ion of intuitive design in this way: 
'S imple w a s it noble archi tecture. E a c h 
ornament ar rested, a s it were, in its posit ion 
seemed to have been placed there of 
necessi ty. ' 

Throughout history intuitive solut ions to 
design problems have, at least initially, 
received a hosti le recept ion, mostly, one 
s u s p e c t s , because they represent a break 
with tradit ion. By repeated exper ience, 
however, an intuitive solut ion becomes 
accepted and the general public begins to 
a s s o c i a t e the intuitive solut ion with that 
part icular problem. T h i s happy ba lance is 

upset when some of the parameters change 
either in the problem or its solut ion. The 
precedents remain - an early s team engine 
is given a fluted chimney representat ive of 
Greek Order. Only later and possibly in 
partial recognit ion of this est ranged 
si tuat ion is an intuitive solut ion developed 
- result outcry. But the general solut ion for 
ch imneys cont inues to be adopted and it 
becomes a norm. And so the life cyc le of the 
design p rocess repeats itself. 
To i l lustrate the impact of precedent and 
intuitive thinking on the design process , 
Derek c h o s e a number of key events in 
history when either the problem set the 
designer changed - in context or scope -
or when new solut ions presented themselves 
- either from developing technology or the 
ski l l of an individual. 
Scherzo: Historical examples of the 
influence of precedent and intuition 
The conflict in China: 
There are early examp les of the precedent/ 
init iative d i lemma. In 8th century Ch ina , the 
design of t imber bui ldings w a s highly 
regulated by the State through detai led 
building codes . These ref lected the 
technology commonly used and dictated the 
appearance of the end product. But this 
s a m e society had built a large span masonry 
arch bridge (c.610) and a post and lintel 
bridge (c.820). 

Figs. 3-4 
Bush Lane House, London. 
Des igners : Arup A s s o c i a t e s . 
(Photos: Arup Assoc ia tes ) 

for example, the protection needed for other 
steel sec t ions , for other periods of s tandard 
fire exposure or for non-standard fire 
exposures (compartment f ires). 
The most commonly used method of 
exploit ing the resu l ts of fire res is tance tes ts 
is to a s s u m e that fai lure is related to the 
at ta inment of a cr i t ical s teel temperature 
and to devise sca l ing methods or char ts 
based on a s imple model of heat t ransfer 
from the furnace, through the c ladding, to 
the steel . Th i s method avoids any definit ion 
of the st ructural behaviour or thermal 
charac te r i s t i cs of the c ladding; it provides 
extrapolat ion of the result for the part icular 
mode of fai lure exper ienced in the test. It 
can be used to predict resul ts for s tandard 
f ires, but not for compartment f ires. One way 
of extending the use of s tandard test data to 
compartment f i res is to estab l ish an 
equivalence between the s tandard fire and 
compartment f ires in terms of their heating 
effect on the st ructural element, the ef fect 
being at ta inment of a certain cr i t ical 
temperature. 

Deficiencies of the standard test 
An examinat ion of s tandard test procedures 
and the resul ts obtained exposes several 
def ic ienc ies. F i rs t , it h a s been observed that 
some c ladding mater ia ls in acc identa l f i res 
may undergo phys ica l changes not 
d isp layed in the s tandard test, because of 
higher fire temperatures in the compartment. 
For th is reason a high temperature test, 
supplementary to the s tandard test, is 
somet imes suggested. 
Secondly, un less the test is part of a 
research programme, the initial propert ies of 
the spec imen are not measured. The test 
load is related to the charac ter is t ic strength, 
not the strength of the samp le tested. 
Thirdly, the resul ts for test spec imens which 

are nominal ly the s a m e will vary from 
laboratory to laboratory: Th is is not 
surpr is ing s ince , apart from any d i f ferences 
in heat ing charac te r i s t i cs , the real degree of 
restraint of the spec imen is quite often 
unknown and may vary during the test. Th is 
is part icular ly a problem with slender 
co lumns. 
It can wel l be argued that the s tandard fire 
res is tance test is only a blunt instrument 
and in pract ice it se rves its purpose because 
there have not been any ser ious st ructural 
fa i lures in f i res. If th is is true it can a lso be 
argued that ca lcu la t ion methods are just a s 
likely to give the 'correct ' answer and are 
much cheaper. It then fo l lows that the fire 
res is tance test should be re-designed so a s 
to provide information for these ca lcu lat ion 
methods. 

Suspended ceilings 
Fire res is tance tes ts have demonstrated the 
value of suspended cei l ings for the 
protection of steel beams and floor sys tems . 
A ca lcu la t ion method has been proposed 
which could be used to general ize test data, 
but the main problem is probably the 
dif f iculty of ensur ing that the cei l ings are 
instal led correct ly in pract ice. The detail ing 
of the suspens ion sys tem, lighting fitt ings, 
etc., is of great importance. 

Composite steel and concrete 
Structura l a n a l y s i s of composi te steel and 
concrete is diff icult to carry out for normal 
condi t ions. It is not surpr is ing, therefore, if it 
presents problems of ana l ys i s under fire 
condi t ions. Never theless, it ought to be 
possib le to carry out fire tes ts which would 
lead to a definit ion of the cr i t ical condi t ions 
for fai lure and lay the bas i s of a design 
method. 

Profiled steel sheet and concrete floors 
Test data so far obtained indicate that for 

fire res i s tance in e x c e s s of 30 minutes either 
the steel sheet must be insulated by a 
coat ing or suspended cei l ing or the concrete 
must have reinforcement. Al though 
numerous fire res is tance tes ts have been 
carr ied out, it is diff icult to general ize the 
information received so that a design 
method can be provided. Most tes ts have 
been for s tat ica l ly determinate floors: better 
per formance has been measured with 
cont inuous f loors. Although in some 
countr ies the fai lure criterion for a floor is a 
def lect ion of span/30, these s l abs can reach 
a def lect ion of span/20 or more whi le sti l l 
retaining load-bearing capacity. A fai lure 
criterion of infinite rate of deformation is 
therefore more appropriate. Heat t ransfer 
ca lcu la t ions have not so far been very 
s u c c e s s f u l probably because the method 
needs to be more complex for concrete than 
for s tee l . 

Composite steel and concrete beams 
Tests have been carr ied out with both 
isosta t ic and hyperstat ic beams for varying 
condi t ions. S o m e large temperature 
gradients were measured in the s tee l , 
between the f langes and over the supports. 
A ca lcu la t ion of cr i t ical temperature 
assum ing a uniform temperature a c r o s s the 
sect ion is in reasonable agreement with the 
average of the temperatures measured on 
the upper and lower f langes. However, the 
ca lcu la t ion of the heat flow to the sect ion 
could be complex and has not yet been 
attempted. 

Single elements and frameworks 
Fire res is tance tes ts are normally carr ied out 
for s ingle e lements. The relat ionship 
between the behaviour of these e lements 
when supported in the test furnace and 
when instal led in a building is not wel l 
es tab l i shed. Work on loaded external 
co lumn and beam assemb l i es s h o w s greater 



load-bearing capac i ty can be obtained than 
would be expected by consider ing the 
column in isolat ion. An understanding of the 
factors wh ich af fect the per formance of 
assemb l i es might lead to the reduction or 
el iminat ion of part or al l c ladding for the 
lower s tandards of fire exposure. The 
research carr ied out so far h a s not yet 
reached the s tage at which cr i t ical 
condi t ions can be def ined. 
R e s e a r c h on co lumns has so far been 
directed towards axia l ly loaded members. In 
pract ice there will be combined normal 
fo rces and bending moments but the ef fect 
is not wel l understood. It has been 
suggested that compress ion propert ies at 
high temperature may be more favourable 
than tension propert ies. However, there is a 
lack of data to conf i rm this hypothesis . 
The s tandard fire res is tance is not des igned 
to test vert ical members in tens ion. The 
cr i t ical condit ion must therefore be defined 
by ca lcu la t ion , s ince convent ional cr i t ical 
temperatures derived from loaded co lumn 
tes ts may not be correct, part icularly when 
the hanger is a spec ia l s tee l . At present no 
guidance is avai lable. 
Properties of steel at high temperatures 
The tens ion propert ies of mild steel at 
temperatures up to 600°C are well 
documented, for example , and there are 
some measuremen ts avai lable for higher 
temperatures. Creep measurements are 
avai lable up to 650°C. It is not c lear how 
important it is to separa te out s t ress-
induced st ra in from creep-induced strain but 
in view of the high steel temperatures 
measured before fai lure may occur, more 
information may be needed. Tes ts have 
conf i rmed that mild steel e lements, wh ich 
have not exceeded the cr i t ical temperature 
for fai lure, regain their e las t ic propert ies 
after cool ing. 

Mechan ica l propert ies of cold-formed steel 
C-sec t ions for temperatures up to 650°C are 
a lso ava i lab le . 
Use of cold formed sections 
The use of l ightweight cold-formed steel 
sec t i ons to replace t imber s tuds inside 
part i t ions h a s been studied and a 
ca lcu la t ion method dev ised. Tes t s have 
shown that these sec t ions can a lso perform 
sat is factor i ly a s co lumns and beams when 
enc losed in c ladding mater ia ls but the 
resul ts have not yet been general ized to give 
a design method. 
Views of the steel industry 
We cons idered that it would be helpful to 
have an indicat ion of the v iews of those 
people in the steel industry who wil l 
eventual ly use the resul ts of the research 
and an indicat ion of ex is t ing regulat ions in 
different count r ies . We therefore prepared a 
short quest ionnai re wh ich w a s c i rcu lated to 
the var ious Stee l Information Cent res in 
Western Europe. Rep l ies were received from 
Cent res in nine countr ies. 
Fire exposure and fire resistance calculation 
All countr ies favoured the accep tance in 
nat ional regulat ions of a ca lcu la ted design 
fire, taking into account fire load, venti lat ion 
and compar tment s ize, a s an al ternat ive to 
the s tandard fire res is tance test. It is 
accepted general ly only in Sweden . 
In only three of the countr ies (F rance , 
Sweden and Switzer land) is ca lcu la t ion of 
the fire protection needed general ly 
accepted a s an al ternat ive to s tandard fire 
res is tance tes ts . The other countr ies were in 
favour of ca lcu la t ion , but one (Germany) only 
somet imes . 

Only two countr ies (Sweden and 
Swi tzer land) have agreed representat ive 
va lues of fire loads for a range of bui ldings; 
the Nether lands for of f ice and resident ia l 
bui ld ings only. 

8 A 'c r i t ica l ' s teel temperature can be def ined 

in all countr ies but Great Br i ta in and Italy, 
being either a f ixed value or one es tab l ished 
by ca lcu la t ion. Italy recommends some fixed 
va lues for unloaded structural e lements . 
Unprotected steelwork 
All countr ies except Sweden have bui ldings 
with unprotected external steelwork. Only 
one, Italy, has agreed design rules. 
All countr ies accept unprotected steelwork 
for s ingle-storey bui ldings (in Belg ium for 
industr ial bui ld ings only, in F rance , Germany 
and Italy only somet imes) and for roof 
s t ructures (only somet imes in Germany and 
except ional ly in Belgium). Seven countr ies 
accept unprotected steelwork for car parks 
(in Germany, Italy and Sweden only 
somet imes, not accepted in Belg ium and 
France) . Swi tzer land alone accep ts 
unprotected steelwork for any building with 
low fire load ( l ess than 60M c a l / m 2 which is 
equivalent to about 14 kg /m 2 o f wood). 
Criteria for fire resistance 
Cent res in al l but two countr ies - F rance 
and Sweden - think that the s tandard fire 
res is tance test should give more information 
on the mater ia ls at the end of the test and all 
but two (F rance and Germany) would like 
more information on adhes ion of the 
c ladding. Only one country (Austr ia) h a s a 
code of pract ice for the appl icat ion of 
c ladding to the steel . Cen t res in five 
countr ies are in favour of such a code. 
Cent res in three countr ies (Austr ia, Germany 
and Swi tzer land) are sat is f ied with their 
ex is t ing cr i ter ia for fai lure of beams and 
s labs . Four count r ies (Belg ium, Great 
Br i ta in, Italy, Swi tzer land) favour a limiting 
rate of def lect ion, one (France) an infinite 
rate, and three (Germany, Nether lands, 
Sweden) favour a limiting rate for certain 
s t ructures only. 
Insurance requirements 
All Cen t res but one (Great Britain) sa id that 
insurance requirements d iscourage the use 
of steel in some or all bui ldings. 
General comments 

The comments and observat ions reveal a 
number of problems: a lack of knowledge of 
fire protection on the part of the building 
authori t ies; an unjust i f ied prejudice against 
the use of steel on the part of both building 
author i t ies and insurance compan ies ; lack 
of a clear ly s ta ted per formance requirement 
in the building regulat ions - what are they 
trying to ach ieve and how do the fire 
res is tance per iods relate to real f i res? The 
cost of fire protect ion, part icularly for 30 and 
60 minute fire res i s tance periods, presents 
problems. It is cons idered that compre
hensive tables, design manua ls and more 
accep tance of a l ternat ive measu res to meet 
building regulat ion requirements would help 
to promote the use of steel in bui ldings. 
Priorities for future activities and research 
From the invest igat ions descr ibed in the 
preceding chap te rs we concluded that the 
wider and better use of steel in building will 
mainly be ach ieved by a reform of 
regulat ions based on: 
• a more prec ise definit ion of performance 

requirement 
• a more prec ise est imat ion of s t ructural 

per formance and for des igners : 
• design manua l s for the st ructural 

engineer 
• s imple des ign guides for the archi tect 

and engineer which show how much 
protection, if any, is needed for the 
structural steelwork. 

Performance requirement 
A per formance requirement should state the 
object ives of providing fire safety - whether 
it is for the protection of people (occupants , 
neighbours, fire f ighters), the protection of 
property (contents, structure, neighbouring 
bui ldings) or a mixture of both. Ideally, the 

required level of sa fe ty should be stated and 
methods of a s s e s s i n g the potential hazard 
should be agreed. It would then be poss ib le 
to determine the level of s t ructural fire 
protection needed, if any, and the ef fect on 
th is level of employing alternative protective 
measu res such a s automat ic spr ink lers. 
Clear ly this is a wider subject than the use of 
steel in building construct ion. 
Structural performance 
The development of a calculat ion method for 
the fire safe ty of a structure, which could be 
integrated into the methods for s t ructura l 
design at normal temperatures, is hampered 
first of all by the present sys tem of grading 
s ingle e lements in a s tandard test and 
second by lack of knowledge of the 
behaviour of s t ructural assemb l i es and the 
loads act ing on them in real fire condi t ions. 
The information needed would include: 
• a study of the present s tandard test 

method, so that it can be adapted, altered 
or extended to provide more information 
for design purposes 

• a separat ion and definit ion of i ts 
funct ion, a s a heat ing mechan ism and a 
loading mechan i sm, would show how 
resu l ts could be applied when data are 
provided by the fol lowing: 

• a study of the cr i t ica l condi t ions for 
fa i lure of loaded e lements and frame
works . For ca lcu la t ion of these cr i t ica l 
condi t ions more rel iable data would be 
needed for the fol lowing: 

• measuremen ts of the mechan ica l pro
pert ies of steel at temperatures above 
60O°C. 

• a s s e s s m e n t of the loads which should be 
deemed to be act ing under fire condi t ions 
- wind load, live load, dead load. 

S o m e of these s tud ies are of a long-term 
bas i c nature, but much information wh ich 
al ready e x i s t s could be exploited with the 
addit ion of a little more data . 
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Composite frame 
and metal deck 
construction 
Ian MacKenzie 
Introduction 
Th i s paper covers the use of steel d e c k s and 
steel f rames act ing composi te ly with 
concrete s l abs in bui ldings. Th i s is a form of 
construct ion wh ich in some c i r cums tances 
has proved economica l in high r ise of f ice 
bui ldings in Aus t ra l ia . 
There is now a cons iderab le accumula t ion of 
knowledge about the behaviour of 
composi te members. The codes of pract ice 
permit compos i te f rames to be designed a s 
equivalent steel f rame s t ruc tures by the so-
ca l led 's imple design method'. Th i s w a s first 
introduced into BS449 in 1932. A major 
updating in 1949 led to lighter beam sec t ions 
but it a l so resulted in heavier co lumns. 
Professor Baker turned his attention to the 
ult imate fai lure of steel f rames and his work 

in the e las t ic p last ic range helped to expla in 
the redistribution of s t r e s s e s occurr ing in 
the var ious components in this range. The 
Br i t ish Standard Code of Pract ice , CP 117: 
Part 1 publ ished in 1965, w a s based on 
s imple p last ic theory using ideal ized s t ress-
strain re lat ionships for both steel and 
concrete. For the latter an equivalent yield 
s t ress of 0.85 F ' c w a s adopted. Us ing these 
cr i ter ia there has been good agreement with 
the ult imate loads for a range of beams but 
s t r e s s e s and deformat ions have been less 
sat is factory. 
R e s e a r c h has cont inued into the effect of 
sl ip at the shear connect ion and more 
accura te moment-rotation curves have been 
derived. A more real is t ic a s s e s s m e n t of the 
inf luence of residual s t r e s s e s in the steel 
component has a lso been made. Typical 
moment-curvature re lat ionships are shown 
in F ig . 1. B e a m s of the type represented by 
Curve 1 reach a peak and then fall away 
rapidly leading to a sudden fai lure. B e a m s 
with the type of deformation represented by 
Curve 2 are subject to some strain hardening 
and fai l in a gradual or duct i le manner which 
is more acceptab le to des igners . 
It is with a view to ensur ing that th is type of 
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fai lure wil l occur that the Australian 
Standard 2327 Part 1 - 1980, 'S imply 
supported beams', conta ins a requirement 
related to ductility. Th i s Aust ra l ian code has 
been based on CP 117 but it is expanded to 
include sec t ions on serviceabi l i ty and it a lso 
covers the use of profiled steel sheet ing in 
composi te f rames. It spec i f ica l ly exc ludes 
dynamica l ly loaded s t ruc tures and bridges. 
Future i s s u e s of the code wil l cover 
cont inuous beams, s l abs and co lumns . 
General design provisions of AS 2327 
The s lab wh ich is act ing composi te ly with 
the steel f rame may be either: 
(a) C a s t in s i tu on removable formwork 
(b) C a s t in situ on profiled steel sheet ing 

(composi te decking) 
(c) C a s t in s i tu concrete on precast 

formwork wh ich is left in p lace 
(d) Precas t for its full depth. 
There are design requirements to 
f lexural strength, serviceabil i ty, 
strength connect ion and transfer of 
strength. Ru les are given for ef fect ive width 
and ef fect ive th i ckness of s labs . 
S t r e s s e s assoc ia ted with s lab f lexure are not 
required to be added to those due to 
composi te act ion except where prest ress ing 
forces are appl ied in the direction of the 
longitudinal beams. 
Flexural strength 
Design can be either by the load-factor 
(ult imate strength) method or working s t r e s s 
(e last ic design) method. 
Load factor method 
The ult imate moment of res i s tance is 
ca lcu la ted on the bas i s that: 
(a) The portion of the steel beam in tension 

is s t ressed uniformly to the yield s t r e s s 
Fy. 

(b) The portion of the steel beam in com
press ion is a l so s t ressed uniformly to 
yield s t ress Fy. 

(c) The compress ive s t r e s s is a s s u m e d to be 
a uniform s t ress block of 0.85 F ' c 

(d) The concrete has no tensi le strength. 

Ultimate moment of resistance M'r for 
neutral axis within depth of concrete 

D - d n M'r = 9 F y A s 

where dn 

dg + ' 

F y A s 

2 

<D 
0.85 F 'cb 

6 = 0.95 

(Refer to F ig . 2). 

Ultimate moment of resistance for 
compressive stress in steel beam 
T h i s occu rs when FyAs>0.85 F ' c bD 

(Refer to F ig . 3) 

He = F y A s 
Hcc = 0.85 F ' c bD 
H s c = F y A c where A c : 

compress ion 
Area of steel 

For equi l ibr ium: 
He = H c c + 2 H s c 
F y A s = 0.85 F ' c bD + 2 F y A c 

Hence A c = 0.5 A s - a 8 5 F C b D 

F y 

dn can then be found from propert ies of steel 
sec t ions . The code then gives a formula for 
determining the ult imate moment of 
res i s tance when the a x i s N-N is located in 
the f lange or in the web of the beam. 
AS 2327 con ta ins c l a u s e s which modify the 
a s s u m e d s t r e s s block when the depth of 
s t ress block would theoret ical ly be located 
below the top of the rib of the decking. 



vert ical ly between roof and floor. Horizontal 
ribbed metal c ladding to stabi l ize the open 
s ides of the trough enabled us to provide a 
150mm overall th ick f rame less wal l ing 
sys tem. Th is s y s t e m w a s designed, tested 
and success fu l l y used in a pilot s cheme 
where no commerc ia l ly avai lable sys tem 
could be found. 
Central Bank of Ireland head offices 
Th i s design w a s conceived a s a major land
mark in Dublin city centre and is unique in its 
structural design in Ireland. Measur ing 45 x 
30m, its seven f loors are suspended from the 
roof and supported by two concrete serv ice 
towers. 
All f loors are formed of s t ructural steel 
t r usses with a thin concrete s lab. E a c h one 
is suspended by 12 pairs of Macal loy bars on 
the perimeter, directly to roof level. A sys tem 
of roof t r u s s e s enc los ing the plantroom is 
the pr imary s tee l s t ruc ture carry ing al l the 
f loor loads into the concre te co res . F loors 
were fully a s s e m b l e d at ground level and 
jacked into pos i t ion, us ing the Br i t i sh Lif t 
S l a b heavy l i f t ing s y s t e m located on the 
roof. 

Papal cross and canopies: 
Phoenix Park, Dublin 
An inception to complet ion period of two 
months w a s ach ieved for the erect ion of a 
35m high steel memorial c r o s s for the 1979 
Papal visit to Dublin. A fabr icat ion using s ix 
universal beam sec t ions , each 600m deep, to 
form both s tem and a rms w a s devised, 
designed, fabr icated, painted and erected 
with very little t ime to spare. 

Fig. 7 
Papal C r o s s being hoisted into 
posit ion - Phoen ix Park, Dublin 

Fig. 8 
Papa l C r o s s and canop ies a s seen 
during the Papa l v is i t to Dublin 

Fig. 6 Central Bank of Ireland head off ice under construct ion. Archi tects: Stephe 
Gibney & Assoc ia tes 
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Towers and 
flare stacks 
John Tyrrell 
Introduction 
Towers are by implication tall s t ructures that 
reach above the surrounding environment. 
They are commonly used to support 
equipment or some instal lat ion at a required 
elevation a s part of an engineered sys tem or 
process . 
The greater part of our work in th is field has 
been assoc ia ted with towers support ing 
microwave an tennas but more recently we 
have des igned a number of s t ructures for 
support ing g a s flaring s y s t e m s and vent 
pipes. S imi la r s t ruc tures that we have 
designed or analyzed include lighting 
towers, towers support ing water s torage 
tanks a s wel l as guyed s t ructures. However, 
this paper concent ra tes on microwave 
towers and f lare towers. 
Clear ly there are s imi lar i t ies between the 
different types of st ructure but the 
operat ional or performance requirements of 
the sys tem determine the funct ional 
requirements of the structure in each c a s e . 
Steel is favoured largely because it can 
eas i ly be fabr icated a s component parts and 
then transported and erected relatively 
quickly and s imply in remote locat ions. 
Types of structures 
There are two main generic structural forms: 
self-support ing towers and guyed arrange
ments. Sel f -support ing towers are normally 
of the open latt ice type and may be either 
square or tr iangular in plan. Guyed 
st ructures may compr ise a vert ical or 
incl ined s lender s tem with the s t i f f ness 
provided by the guys. The combinat ions and 
appl icat ions of these types of st ructure are 
too numerous to cover adequately in this 
paper and therefore it is intended to consider 
microwave and f lare towers only. A brief 
descr ipt ion of the main charac te r i s t i cs of 
each sys tem is given below. Reference is 
a lso made to t ransmiss ion towers where a 
different des ign approach is adopted and 
different loading condi t ions apply. 
Microwave towers are usual ly const ructed 
from tubular and/or angle members bolted 
together. For a part icular network they are 
commonly arranged as a family or fami l ies 
of towers. E a c h family typical ly cons i s t s of a 
number of pane ls arranged vertically. Pane ls 
can then be omitted either from the top or 
from the bottom for the required height. 
E a c h panel is braced in elevation and 
possibly on plan. Main bracing members 
may be braced by secondary members to 
reduce the ef fect ive length and therefore the 
member s ize . The towers are designed to 
carry a wide variety of an tennas such a s TV 
radiators, yag is , open or solid d ishes and 
horn aer ia ls . E a c h type of an tenna has its 
individual mounting and a c c e s s require
ments a s wel l a s the feeder cab le and 
waveguide arrangement. 
F lare towers are required to support gas 
flaring s y s t e m s which broadly cons is t of 
duct ing w a s t e gas by pipework to a required 
elevation where it is ignited by a remote 
burner. The s ize of pipework or riser var ies 
with the part icular gas f lows up to 1.5m in 
diameter. Anci l lary pipework such a s feed 
l ines to the f lare tip are a lso required to be 
supported. Removal of the f lare tip for 
ma in tenance is an important feature of the 
design. T h e s e s t ructures tend to be 'one o f f 
and const ruc ted from welded tubular 
members al though not exc lus ive ly so. 
Of fshore tower s t ruc tures frequently have 
restr ic t ions imposed on the design such as 

the base width and method of instal lat ion. 
They are fabr icated and transported in 
relatively large sec t ions to minimize erect ion 
t ime. Aggress ive environmental condi t ions 
and infrequent ' sa fe ' a c c e s s periods are 
taken into account by speci fy ing high quali ty 
mater ia ls and workmansh ip . 
T ransmiss ion towers are required to support 
the overhead power supply l ines at relatively 
frequent cent res . The power l ines are 
tensioned to reduce the catenary e f fec ts and 
suspended from an arm arrangement a s part 
of the tower. Th i s in turn c reates forces in the 
tower in addit ion to the wind load. A lso 
tens ions in the power l ines are a f fec ted by 
c l imat ic temperature var iat ions. B e c a u s e of 
the number of towers required for any one 
sys tem the cost penalty for conservat ive 
design could be signi f icant. The design 
approach therefore is to test a tower or 
number of towers to fai lure, so the strength 
of all members , including those normally 
a s s u m e d to be redundant for ana l ys i s 
purposes can be properly evaluated. 

General tower arrangement 
In c a s e s where the tower geometry is not 
given or determined by factors other than 
strength or def lect ion the fol lowing 
empir ical rules for microwave towers may be 
applied a s a first s tage towards achiev ing an 
economica l des ign. 
Slenderness: 
The ratio of the overall tower base width 
should not 
below. 

exceed the va lues tabulated 

Tower 
height 

0.75° 

Maximum 
deflect ion 

1.2° 1.2° 

50m 6 8 10 
5 0 - 1 0 0 m 5 7 9 
1 0 0 - 1 5 0 m 4 6 8 

Top width: 
2.25m for square towers with internal 
c l imbing ladder; 1.65m for tr iangular towers 
wi th internal c l imbing ladder; 0.45m for 
towers with external cl imbing ladder. 
Leg slope: 
The slope of the tower legs at the base 
should be such that the point of intersect ion 
of the projected l ines of the legs occu rs 
above the two thirds point. 
Panel types: 
The opt imum height to width rat ios of the 
typical panel bracing ar rangements are: 

Height/width Panel type 
h/w>1.5 Z 
1.0<h/w<1.5 X 1 , X2 
0.7<h/w<1.0 X 1 , X2, K 1 , K2 

0.5<h/w<0.7 K2 

A lso , the angle 8, between the bracing and 
the leg member, should be mainta ined within 
the fol lowing ranges: 

bolted s t ruc tures 20°<6<90 o 

welded s t ruc tures 30°<9<90 o 

Solidity ratios: 
Typica l ly solidity rat ios for different w id ths 
are a s fo l lows: 

Panel width Sol idi ty ratio 
< 1.5m 0.25 
< 5.0m 0.20 
<10.0m 0.15 
<10.0m 0.10 

Factors affecting the design 
Project requirements normally provided by 
the cl ient or the s y s t e m s engineer include: 
si te locat ion and part icular deta i ls that are 
known to provide a constra int of one sort or 
another on the design 
bas ic wind speed, the combinat ion of wind 
and ice accret ion and temperature where 
appropriate 
s ize, type and number of i tems to be 
supported at speci f ied levels including 
assoc ia ted feeder s y s t e m s 
l imits on the twist and tilt for the structure 
design life of the structure 
aircraf t warning lighting 
painting and protection. 
On o c c a s i o n s we may be required to carry 
out wind speed invest igat ions where 
suf f ic ient detai ls are not given. A lso, it is 
quite frequent that further interpretation of 
the design requirements is necessary . 
In addit ion to the speci f ied requirements 
there are other fac tors that are likely to 
inf luence the design such as economic and 
pract ica l cons iderat ions. For example the 
avai labi l i ty of steel sec t ions locally, 
t ransportat ion, lifting and erect ion, the 
main tenance of the st ructure and the 
equipment including a c c e s s are all parts of 
the equat ion. A lso , the l ightest poss ib le 
structure is not a lways the most economic , 
part icular ly where some standard izat ion can 
be ach ieved and where there are diff icult 
ground condi t ions and the cost of the 
foundat ions may be a s igni f icant part of the 
overall cos t . 
Loading 
Wind 

A bas ic wind speed corresponding to the 3 
second gust with a return period of 50 years 
is usual ly adopted for the design, or serv ice
abil ity condit ion of the structure. On 
o c c a s i o n s an extreme or survival wind speed 
may a lso be given for a spec i f ied limit s tate. 
Fo rce coef f ic ients for individual members 
and latt ice ar rangements are given in CP3 
Chapter V: Part 2:1972. 

Fig. 1 
Remote 
microwave 
tower s i te 



Wind forces on an tennas can be obtained 
either from manufac turers ' l iterature based 
on wind tunnel tes ts or derived from the 
method given in 'Ca lcu la t ion of wind forces 
and p ressures on antennas' , by Cohen , 
Vellozi and S u h . 
Snow and ice 
S n o w and ice will contr ibute to the gravity 
load on the structure but the accret ion of ice 
on individual members or an tennas wil l 
i nc rease the su r face area and hence 
increase the drag forces due to wind. Icing is 
exp ressed in terms of radial th i ckness and 
some guidance is given by the Department 
of Energy in 'Gu idance of the design and 
const ruct ion of of fshore instal lat ions'. 
For the icing condit ion a reduced wind speed 
is cons idered and this is in the order of 9 0 % 
of the design wind speed depending on the 
locality. 
Temperature 

Loading from c l imat ic temperature vari
at ions is not normally s igni f icant for these 
types of tower s t ructures. 
Temperature e f fec ts due to hot or cold g a s e s 
in the r isers and due to radiation from flaring 
may induce local s t r e s s e s and possib ly 
inf luence the cho ice of mater ia ls . 
Waves 
Offshore s t ruc tures s u c h a s towers mounted 
on plat forms may be required to wi thstand 
wave loading. The e f fec ts are usual ly 
a s s e s s e d by applying an appropriate 
acce lera t ion input to the base of the tower. 
Earthquakes 
Ear thquake loading is rarely s igni f icant in 
the design of towers. In se ismica l ly act ive 
a reas the e f fec ts are considered by applying 
a base acce lera t ion obtained either from an 
appropriate ground response spect rum or 
from a response t ime history. 
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Method of analysis 
Lat t ice tower s t ruc tures are considered a s 
three d imensional s p a c e f rames. Ful ly tri
angulated s t ruc tures with bolted 
connect ions are assumed to be pinned 
f rameworks. There are smal l errors involved 
in this assumpt ion such a s the legs being 
cont inuous at the nodes but these e f fec ts 
are rarely structural ly s igni f icant . Separa te 
checks may be carr ied out for bending 
moments ar is ing from locally appl ied forces 
or eccent r ic i t ies at connect ions. For fully 
welded s t ruc tures or stat ical ly indeterminate 
s t ructures, f raming moments must be 
evaluated. 

There are two in-house computer programs 
avai lable for carry ing out a s ta t ic ana l ys i s of 
these s t ruc tures , T O W E R and P A F E C . 

T O W E R w a s developed spec i f ica l ly for pin-
jointed s ta t ica l ly determinate microwave 
towers and inc ludes ana l ys i s , design and 
plotting fac i l i t ies. The main members and 
the secondary members may be speci f ied by 
s ize in which c a s e a stra ight forward ana l ys i s 
is carr ied out. Otherwise the program 
performs an iterative ana l ys i s of each panel, 
se lect ing from library f i les those member 
s i zes not spec i f ied, until a sa t is fac tory 
design is ach ieved. 

Def lect ions and rotat ions are ca lcu la ted at 
the top of the tower, at the top of each panel 
and at the level of each applied load. The 
foundation forces are ca lcu la ted at each leg 
of the tower and steel weights are total led by 
member type and steel grade. 

In most c a s e s self-support ing latt ice towers 
are not dynamica l ly sensi t ive. A s a general 
guide, s t ruc tures having a fundamental 
period of osci l la t ion less than three seconds 
can be designed safe ly on a quasi -s tat ic 
bas is . There are except ions to this where 

Fig. 2 
Jebe l AM microwave tower, 
designed by Ove Arup & Par tners 
(Photo: Mike Shears ) 

Fig. 3 
Microwave tower 
under const ruct ion in Nigeria, 
designed by Ove Arup & Par tners 
(Photo: Mike Shears ) 
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dynamic e f fec ts should be considered and 
they include: 
fully welded s t ruc tures where fatigue may be 
s igni f icant 
s t ructures support ing TV antennas, rad
iators, part icularly at the top 
tubular members with a s lenderness ratio 
exceeding 180 where local c ross wind 
e f fec ts may be s igni f icant . 
There are a number of computer programs 
avai lable for carry ing out a dynamic 
ana l ys i s . In-house programs include 
DYMAST, G L A D Y S , D A F T and P A F E C but 
only D Y M A S T is su i table for a random 
s tochas t i c ana lys i s . 
Detailed design considerations 
Design standards 

Design s tandards may be speci f ied in the 
head contract spec i f ica t ion accord ing to the 
country of origin with reference to more 
spec i f ic international ly recognized design 
codes . In recent yea rs a number of design 
guides and codes of pract ice appropriate to 
tower s t ruc tures have been publ ished. The 
main ones are: 
(1) BS6235:1982 
Code of pract ice for 
f ixed of fshore s t ructures. 
(2) Department of Energy 1982 
Of fshore insta l lat ions: 
gu idance on design and construct ion. 
{3)APIRP2A: 1982 
(Amer ican Petroleum Institute) 
Recommended pract ice for planning, 
designing and const ruct ion f ixed of fshore 
plat forms. 
(4) DnV (Det norske Veri tas) 
Ru les for the design, construct ion and 
inspect ion of of fshore s t ructures. 
(5) Draft Code of Prac t i ce 1978: 
La t t i ce towers - loading. 
T h e s e documents tend to complement each 
other in part icular a r e a s but they a lso refer 
to nat ional design s tandards and some 
interpretation is often required. 

Strength and stability 
Where no other design s tandards are given, 
the strength and stabi l i ty of towers are most 
commonly a s s e s s e d on the bas i s of the 
des ign approach given in BS 449. The 
permiss ib le s t r e s s e s incorporate fac tors of 
sa fe ty against fai lure in the range of 1.5 to 
1.7. A s wind is a predominant loading feature 
on these s t ruc tures we tend not to use the 
2 5 % overs t ress permitted by BS449. 
Foundat ions are designed to have a factor of 
sa fe ty in e x c e s s of the tower structure. The 
factor of safety appropriate to uplift, down-
thrust, sl iding and overturning is a min imum 
value of 2.0. It is a l so adv isab le to check that 
an adequate factor of sa fe ty ex i s t s for an 
ext reme or survival wind condit ion. 

Deflection 
Th i s may be considered as a serviceabi l i ty 
limit s ta te for the design of microwave 
towers. The acceptab le l imits of def lect ion 
vary from aerial to aer ia l wh ich in turn are 
related to the f requency band of the 
microwave sys tem. Ta l l , s lender s t ruc tures 
will tend to deflect more than fatter ones for 
the s a m e applied loading. However, the 
member s izes for s lender towers may be 
larger than the equivalent members for wider 
towers to carry the applied loading. On the 
other hand wide towers tend to require more 
bracing and will therefore attract more wind 
loading. The object ive therefore is to juggle 
the geometry so that the strength and 
def lect ion requirements are ach ieved for the 
min imum weight of s tee l . 

Selection of member types 
There are three main types of steel sec t ions 
used in tower des ign; tubes, equal ang les 
and cruci form ang les . The advan tages and 

capab le of accommodat ing two Boeing 747s 
had just been completed. S A A , in 
conjunct ion with a mult i-discipl inary tech
nical team from the South Af r ican Transport 
Serv ices , embarked on feasibi l i ty and 
conceptual design s tud ies. 
It w a s decided that a hangar complex 
compr is ing two major hangars with a central 
annexe located between them would best 
faci l i tate aircraf t movement and at the s a m e 
time minimize fire risk. It w a s decided that 
each hangar should, if feasib le, be a c lear 
spanning structure of 150 x 100m so a s to 
maximize s p a c e uti l ization. 
Our favoured solut ion compr ised a main 
portal spanning 150m over the doors, with 
three main t r usses spanning 100m from the 
back wal l to the portal. We proposed long-
span crane bridges in the 37.5m bays 
between t r usses to handle the serv ic ing 
requirements. 
The main hangar structure 
E a c h hangar sect ion cons i s t s of steel-
f ramed structure supported on three s ides 
by braced wa l l s and on the fourth s ide by a 
pinned base portal f rame of 151.2m span . 
The roof is divided into four equal sec t i ons of 
38.8 x 100m, each of wh ich has a suspended 
sys tem of runway beams for the support of 
c ranes and general purpose main tenance 
plat forms. Three main t r usses span 100m 
from the west wal l to the main portal at 
37.8m cent res. 
T h e roof structure suppor ts the moving 
loads from the c ranes and serv ice plat forms 
a s wel l a s the necessa ry l ighting, fire 
protection se rv ices and the comfort heating 
sys tem. 
The 150m span portal, with a m a s s of 262 
tonnes, w a s assemb led in sec t ions on the 
ground, welded and then jacked up 25m into 
posit ion at the top of the legs. The main 
t r usses were lifted in sec t ions on to trestle 
suppor ts and welded in s i tu. The entire 
structure remained supported on the t rest les 
until it w a s completed and then a sys tem of 
jack ing it down to re lease the suppor ts w a s 
implemented. 
The structure is stabi l ized through bracing in 
al l three wa l ls wh ich interact with the portal 
s t i f fness to provide stability. In-plane bracing 
is provided in the roof. 
Roof drainage is provided along va l leys , 
midway between the main t r usses , the 
r idges being over the main t r u s s e s and at the 
ends. 
A feature of the structure is the nea tness of 
detai l ing of the main members and their 
connect ions. The max imum force in the 
chord of the main portal is of the order of 
25,000 kN. The major members are H or 
channe l sec t ions built up from up to 38mm 
plate. The result is a c lean appearance on 
both external f a c e s of the steel members, 
with a minimum interruption by g u s s e t s . 

Hangar doors 
E a c h hangar h a s four door sec t ions moun
ted on a twin track sys tem to c lose them. 
The track sys tem is cont inuous from one end 
of the complex to the other so that in the 
event of one complete hangar frontage 
needing to be opened, all four door sec t ions 
are moved to the frontage of the other 
hangar sect ion. E a c h door sect ion 
compr ises two leaves with a f ixed link 
between them. E a c h leaf h a s its own drive 
mechan ism. 

(5) IRELAND 
Ove Arup & Par tners in Ireland, founded in 
1946 in Dublin now operates a lso in Cork, 
Waterford and L imer ick. Total s ta f f numbers 
are about 140. Most of the work is located in 
Ireland with a smal l amount in the UK, 
Middle E a s t and the Third World. Whi le the 
bulk of the projects are bui ldings in some 
form, an increase in civi l works content has 
recently developed in the pract ice. 

Usual ly steelwork is let a s a nominated sub
contract . We find that th is h a s the advantage 
of se lected tendering a s well a s a later need 
for tender information. However, there can 
be di f f icul t ies in prec ise definit ion of work 
content when var iat ions ar ise. On the other 
hand measurement in the Bil l of Quant i t ies, 
in spite of the apparent precis ion of the 
information, h a s not a l w a y s worked well and 
select ion of tenderers is l ess control lable. 

There h a s been a chronic problem in over 
capac i ty in the steelwork fabr icat ion in
dustry in Ireland. There are several major 
f i rms who have the resources and expert ise 
to tack le any job which h a s yet been built in 
the country. There is a l so a wide select ion of 
smal l and medium sized fabr icators so that 
for smal ler jobs there is an embar rassment 
of cho ice. 

Techn ica l s tandards can be variable but 
excel lent resul ts are poss ib le provided the 
job documentat ion and si te control are good, 
and the tenders are based on select ion. 
L ikewise , management can be uneven and 
tends to be sk imped when resources are 
s t retched, either technica l ly or f inancial ly. 

The potential is certainly there to achieve 
very high s tandards if suf f ic ient input is 
provided and the work wel l superv ised. 

Design is normally to BS 449 and the B C S A 
Handbooks are universal ly avai lable. The 
normal source of mater ia ls is the UK. There 
is a degree of cont inental inf luence and 
during t imes of B S C s t r ikes th is forms the 

Building types 
Advance factories 
Most advance factor ies are sponsored by the 
Industr ial Development Authority who share 
the work among many des ign teams . At th is 
level concrete competes strongly with steel 
and is probably a bit cheaper currently. 
S y s t e m s of two-way t r u s s e s (bolted in one 
direction) have been used but more recently 
one-way members in al ternat ing direct ions 
in adjacent bays have been found to be quite 
s u c c e s s f u l , a lmost equal ly ef fect ive, and 
cheaper. 
Purpose designed factories 
A large diversity of s t ructura l form has been 
utilized to fit spec i f i c br iefs. They range from 
portal f rames to Nodus, depending on the 
brief, the c l ient 's cost c o n s c i o u s n e s s and 
the arch i tec t ' s powers of persuas ion. 
Office buildings 
Since of f ice bui ldings really got going about 
the mid '60s it has been quite unusua l to find 
steel f rames. Their use is usual ly conf ined to 
penthouse level. 
Sports halls 
These invariably use steel roofs and often 
steel co lumns, a s the s c a l e tends to be more 
modest than e lsewhere and comparat ively 
little scope for the spec tacu la r has been 
avai lable. 

al ternat ive source of supply. There is 
however a price dif ferential wh ich has 
inhibited more general use of cont inental 
sec t ions . 
There is l imited capac i ty for economic 
fabricat ion of plate girders and caste l la ted 
beams. T h e s e would normally be imported 
ready-made. S tock holders keep some 
suppl ies and s ince may jobs are modest ly 
s ized the necess i t y to buy there tends to 
increase job cos ts . 
Certainly where anything other than Grade 
43 steel is env isaged the lead in period must 
al low for mil ls ordering to be feas ib le . 
The s tandard fac i l i t ies avai lable to the larger 
f i rms provide al l the necessary equipment 
for fabr icat ion for most s i tuat ions. 
Automated cutt ing and dril l ing has recently 
become avai lable but is st i l l unusua l . 
Welding techn iques nowadays almost 
universal ly employ semi-automat ic C 0 2 

sys tems , at least in the shop. Automat ic 
welding is rarely done, partly on account of 
the sca le of work involved. 
Most fabr icators do not employ welding 
technolog is ts and th is serv ice combined 
with NDT interpretation is provided by one or 
two f reelance spec ia l i s t s . By and large this 
arrangement is sat is fac tory but di f f icul t ies 
can ar ise where the fabr icator does not 
real ize when he is out of h is depth. We tend 
to use radiography and u l t rasonics , partly a s 
psycholog ica l tools to convey the im
portance of workmansh ip a s much a s the 
ac tua l test. Genera l ly this works quite wel l . 

Descriptions of some individual buildings 
Bailey's Irish Cream factory 
Th i s is an 18,000m 2 building wh ich uti l izes, 
for the first t ime in Ireland, the 'Nodus ' 
sys tem on a large s c a l e . C H S concrete-f i l led 
co lumns at 19.6m each way support the 
s p a c e f rames which number 43 in a l l . E a c h 
w a s assemb led at ground level and lifted 
into posit ion. A 'Mero' t russ portal spanning 
19m is used to support the ent rance canopy. 
Gef fy Corporation factory 
Th i s is a modest 2 ,000m 2 factory notable for 
its unusua l use of concrete block vert ical 
structure. However the s tee l is a lso 
interest ing, using 686 x 152mm caste l la ted 
universal beams (CUB) a s main beams on a 
15m, 3 span grid and lighter C U B of the same 
d imens ions a s secondary beams in alter
nating orientation. Continuity of main beam 
over the c i rcu lar hollow sect ion co lumns , 
using 8.8mm bolts, permitted the use of 
d imensional ly ident ical main and secondary 
beams which nicely unif ies the des ign and 
faci l i t ies serv ice runs. 

Factory walling 
We have been involved in the development of 
a steel factory wal l ing sys tem to meet a 
part icular brief. T h i s uses 1.2mm thick 
galvanized metal in interlocking trough form, 
500mm wide x 100mm deep, spann ing 7m 

Fig. 5 
Bai ley 's Irish 
Cream factory: 
lifting the 
space f rames. 
Archi tects: 
Scott Tallon 
Walker 



Some examp les of each type are given 
below: 

(a) Civil engineering 
Most of our work in this field has been in 
reinforced and pres t ressed concrete but we 
have been involved in several interesting 
projects with st ructural s teel e lements. 
In conjunct ion with a consor t ium, Cale
donian Pla t forms St ruc tures , we developed a 
design for an of fshore oil production 
platform, Forth 150. Th is included a steel 
deck st ructure compr is ing 4,000 tonnes of 
grade 50D tubular s tee l . 
The firm are joint engineers with Messrs . 
Crouch and Hogg for the K e s s o c k Bridge, an 
important cab le-s tayed road bridge with a 
main span of 240m over the Beauly Fir th. We 
a s s i s t e d by check ing and approving the 
des ign of the box steel pylons and deck 
c r o s s b e a m s in acco rdance with the Merrison 
Ru les . 
Further north, on the stormy shorel ine of 
S c a p a F low in the Orkney Is lands, we have 
currently under construct ion three roll-on 
roll-off South Is land Ferry Terminals in
corporat ing hydraul ical ly operated hinged 
steel ramps. 

(b) Low rise buildings 
Within this, the largest category, are indus
tr ial, schoo l and recreat ion bui ldings, mainly 
s ingle storey, where steel c o m e s into its 
own, with i ts l ightweight and speedy 
erect ion unhampered by the need for fire 
protection. 
In spite of st rong competi t ion from the 
package dea lers there remains a demand for 
the one-off building for which an off-the-shelf 
solut ion does not readily cater. 
Typical of many school and col lege bui ldings 
we have des igned is the games hall at 
Anderson High Schoo l , Lerwick. It is 
interest ing to note that at this si te in the 
Shet land Is lands , the most northerly part of 
the UK, the design wind p ressures are very 
high (twice those for the south of England) 
result ing in s igni f icant ly heavier steelwork 
than would be required in southern parts of 
the main land. 

(c) Roof structures 
Whi le the bas i c s t ructure of many of our 
bui ld ings is of reinforced concrete or 
loadbearing masonry, steelwork sti l l p lays an 
important role in roof s t ruc tures where 
l ightweight is often an advantage and added 
fire protection is not required. 
In the c a s e of theatres, steelwork provides 
an ideal solut ion where se rv ices and a c c e s s 
can be provided within the st ructural depth 
of the roof t r usses . 

Two theat res wh ich we have recently 
completed are the Dundee Repertory Theatre 
and the Pit lochry Fes t i va l Theatre. 
The Dundee Theat re is a tr iumph of ingenuity 
in fitting a 450-seat auditor ium with all the 
assoc ia ted fac i l i t ies into an extremely tight 
city s i te. Stee lwork is used in the auditor ium 
roof, and the f lytower structure wh ich r i ses 
to 18m. 
At Pit lochry, a hol iday town in the Highlands 
of Sco t l and , a sl ightly larger theatre 
(540-seat) h a s been built in rural sur
roundings, again using steelwork for the roof 
s t ructures. 

(3) AUSTRALIA 

The use of s t ructura l s teel within Aust ra l ia is 
act ively promoted by the Aust ra l ian Insti tute 
of Stee l Const ruc t ion . Th is organizat ion 
ar ranges sem ina rs , cou rses and lectures, 
pub l ishes journa ls , magaz ines and sa fe load 
tab les and it sponsors research a s well a s 
mainta in ing library information. 
The greatest tonnage of s t ructural steel is 
used in heavy industr ia l works such a s the 

22 pet rochemical industry, energy and extrac-

Fig. 3-4 
Hangar 8, J a n S m u t s Airport, South Af r ica . Arch i tec ts : South Af r ican R a i l w a y s 

tive industr ies and power generat ion. The 
use of s t ructural steel in building 
const ruct ion is very widespread but usual ly 
on a smal l s c a l e . 
Typical ly the design of structural s tee l within 
the Aust ra l ian o f f i ces of Ove Arup & Par tners 
fa l ls into the fol lowing categor ies: 

(a) Industrial buildings 
Industr ial bui ldings for warehouse and 
factory faci l i t ies are typical ly portal f rame 
bui ldings fabr icated from universal beam 
sec t ions . C lear eaves heights of 5 - 6m and 
s p a n s of up to 30m are common. Wind 
loading is res is ted by portal f rame act ion 
and braced pane ls . 
Pref in ished metal deck roofing h a s largely 
replaced the cheaper as bes tos roof 
sheet ing. Th i s is supported on cold rolled 
Zed purl ins. Wa l l s may be metal c ladding on 
C sec t ions or of masonry const ruct ion. 

(b) Roofs to low rise offices and commercial 
buildings 
Numerical ly these are probably the most 
common use of structural steel in each of 
the Aust ra l ian o f f ices. An average job would 
conta in less than 15 tonnes of s tee l . 
F i re regulat ions general ly permit bui ldings of 
up to three s toreys to be of metal roof 
const ruct ion. F la t roofing is adopted on cold 
formed purlin sec t ions supported on 
universal beams. Mineral wool provides 
thermal insulat ion. 

(c) Shopping centres 
Roofs to shopping cent res are s imi lar to 
those descr ibed above but much larger in 
a rea . T russes may be subst i tu ted for 
universal beams for the larger s p a n s . Usual ly 
they are concea led above l ightweight 
ce i l ings, un less they appear a s a feature in, 

for example, a shopping mall . Brac ing to 
s ide wa l l s or infrequent internal masonry 
wa l l s is required for stabil ity. 
(d) High rise office buildings 
The economic use of s t ructura l steel in the 
floor s y s t e m s of high r ise of f ice buildings is 
heavily inf luenced by the speed of con
struct ion. It can somet imes be demonstrated 
that the use of s t ructural s teel framing and 
composi te metal deck ing can lead to a 
s igni f icant ly faster typical floor construct ion 
cyc le in high r ise of f ice bui ldings. The 
consequent sav ing in holding charges can 
more than of fset the higher construct ion 
cost of a steel structure. 
(e) Mining applications 
Structura l s teel is commonly used for 
f raming s t ructures in the mining industry. It 
f inds appl icat ions to heavy duty s t ructures, 
platforms, conveyor supports and de-
watering bunkers. A number of commiss ions 
have been carr ied out for an iron ore 
process ing plant. 
(f) One off structures 
The Melbourne of f ice have designed 4 steel 
floodlight towers for an ath le t ics s tad ium. 
They ranged up to 58m in height with the 
a c c e s s ladders and plat forms contained 
within the tapered tubular sect ion. They were 
designed for dynamic e f fec ts and fat igue 
condi t ions. 

(4) SOUTH AFRICA 
Hangar 8 - Jan Smuts Airport 
The or igins of this project date back to 1973 
when South A f r i ca A i rways decided that a 
new main tenance hangar able to cater for 
the new generat ion of wide-bodied jets 
would be required by the early '80s. At that 
t ime, construct ion of a 150 x 100m hangar 

Fig. 4 
Brent C flare tower: t ransportat ion of prefabricated sec t ions . Arups carr ied 
out dynamic fat igue and ana l ys i s c h e c k s a s well a s being responsib le for 
obtaining cert i f icat ion. We were a lso responsib le for the appra isa l of 
l ifting and temporary works. (Photo: cour tesy of S e a and Land Pipe l ines) 

Fig. 5 
Brent C flare tower: 
erect ion of tower sec t ions 
(Photo: cour tesy of 
S e a and Land Pipel ines) 

Figs. 6-7 
Fort McMurray f lare s tack , C a n a d a : erect ion of guyed r iser with r iser fabr ica ted in sec t i ons and erected in two par ts . 
Des igned by Ove Arup & Par tners . (Photo: cour tesy of Bech te l Internat ional) 
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d isadvantages of each of these sec t ions 
may not be immediately apparent and they 
are summar ized a s fol lows: 

Tubular members 
Lend themselves more readily to a variety of 
plan shapes . 
The range of s i zes is greater but they may 
not be readily avai lable. 
They require spec ia l ski l l in fabr icat ion, 
part icularly for profiled connect ions. 
They are more expens ive than angles, weight 
for weight. 
They are structural ly more eff ic ient and 
attract less wind load than angles. 

Equal angles 
Best util ized for square towers. 
Max imum size normally avai lable is 200mm x 
200mm. 
E a s y to fabr icate and readily avai lable. 
Cheaper than tubes weight for weight. 
They attract more wind load than tubes. 

Cruciform angles 
They have the s a m e advantages and dis
advantages a s equal angles. 
They require compl icated battening and 
spl ic ing detai ls . 
Fabrication 
Knowledge of the fabr icat ion process is 
essent ia l to the detai l ing of steelwork. It is 
a lso important when consider ing sui table 
sub-contractors for carry ing out the work a s 
the range of sk i l l s and fac i l i t ies avai lable 
from steelwork fabr icators both in the UK 
and overseas is wide and var ied. 
Fabr icat ion drawings are normally prepared 
by the fabr icator based on engineering 
design drawings. It is recommended that the 
fabr icat ion drawings are checked to 
minimize misinterpretat ion of the design 
requirements and inspect ions of the 
steelwork fabricat ion are carr ied out to 
check for quality, workmansh ip and per
formance. 
It is common pract ice for trial erect ions of 

the tower or parts of the tower to be carr ied 
out in the fabr icator 's yard prior to shipment. 
Th is avoids the si tuat ion where errors found 
during erect ion are diff icult and expens ive to 
rectify. A lso , base sett ing templates are used 
to ensure that the holding down bolts cas t 
into the concrete foundat ions match the 
steelwork interface. 

Conclusions 
The exper ience we have built up over a 
period of yea rs enab les us to respond 
quickly to the demands of our c l ients and 
adv ise them on al l a s p e c t s of the design and 
construct ion of tower st ructures. Our 
analy t ica l tools are sharp and we keep 
abreast of design development in the related 
f ields. 

A large part of our work is overseas and from 
time to time we have relied heavily on our 
overseas o f f i ces for local support. We have 
enjoyed their understanding and c lose co
operation and we hope that this working 
relat ionship will cont inue. 11 



The use of 
plated steelwork 
in a tension leg 
platform design 
Nick Prescott 

Introduction to the TLP 
A f ixed of fshore oil or gas production 
platform structure is designed to provide a 
s a f e working platform in an exposed marine 
environment. On this working platform the 
var ious p rocesses assoc ia ted with oil or g a s 
production must be carr ied out in al l 
wea thers and without interruption. T h e s e 
would include the primary separat ion of 
f lu ids ex t rac ted, the control of their export 
and the se rv ices assoc ia ted with cont inuous 
product ion. They may a lso include the equip
ment for the drilling and testing of the we l l s , 
and for the injection of water or gas into the 
f ield. 

With major isolated insta l lat ions, consider
at ions of cont inuous operation would 
require the platform to be manned round the 
c lock, and hence accommodat ion uni ts with 

the assoc ia ted back-up se rv i ces would have 
to be p laced on the platform. 
With a tension leg platform, s u c h a s the 
example T L P , the operat ional const ra in ts are 
the s a m e a s those for a convent ional f ixed 
platform, s i nce it must receive the s a m e 
operat ional approval . The T L P concept uses 
a f loating vesse l , a semi-submers ib le type 
structure, which is connected to the sea-bed 
in such a manner that the vert ical tension 
legs are kept taut by the v e s s e l ' s e x c e s s 
buoyancy. The vesse l conf igurat ion chosen 
for the example T L P is a s imple unbraced 
framework in which the members are formed 
from st i f fened steel plate components using 
s t ressed sk in design a s in a box girder 
bridge. Th i s concept resul ts in c lose 
structural interact ion between the square 
vesse l base (the pontoons), the deck (which 
conta ins al l the plant and faci l i t ies) and the 
s ix interact ing co lumns (F ig . 1). 

The tension leg des igns were originally put 
forward a s deep water s t ruc tures for s e a 
depths between 1,000 and 2,000ft. However, 
the field, at 482ft. in the E a s t Shet land Bas in 
a rea of the North S e a , is being developed 
using such a platform s ince the T L P has 
been recognized a s being cost-ef fect ive for 
intermediate water depths. Had the p rocess 
requirements been radical ly more complex, 
the platform oayload could have become too 

great for a T L P type solut ion. In addit ion, the 
overconsol idated so i l s of the North S e a 
make the tension foundat ions economica l ly 
viable for intermediate water depths. The 
detai ls of the appl icat ion of the T L P to the 
North S e a development can be found 
e lsewhere 1 . 
Design approach for TLP 
Tension leg platform design can make good 
use of the limit s ta te approach. In the c a s e of 
the example T L P this w a s based on the D n V 2 

(Det Norske Veri tas) ru les. S ta t i c loadings on 
a T L P vesse l cons is t of permanent loadings 
(structure and equipment), funct ional 
loadings (consumab les and live loads), 
buoyancy and tens ion leg loadings. To 
ensure that equi l ibr ium is mainta ined, all the 
partial load fac tors ( 7 f) on these loads have 
to be considered a s unity and member fo rces 
factored by an appropriate s t ress factor. Th i s 
s t ress factor ( 7 p ) should be chosen to 
ensure compl iance with the 'Ul t imate limit 
s ta te ' a s def ined in DnV Sec t ion 4. 
Envi ronmental wave and wind loadings can 
be treated in a s imi lar manner with a partial 
s t r ess factor ( 7 p) chosen to be compat ib le 
with the DnV recommendat ions. Tab le 2 
summar i zes the part ial s t ress fac tors used 
in the design of the operat ing, ext reme, and 
fat igue limit s ta tes for the Hutton T L P . 
Having carrr ied out a n a l y s e s appropriate to 
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Fig. 1 

S c h e m a t i c v iew of Hutton T L P and, b e l o w - t h e geometry 

Table 1: Geomet ry (All d imens ions to moulded l ines) 
Leng th : Be tween co lumn cen t res 

Overal l 
78.00m 
95.70m 

Bread th : Be tween co lumn cen t res 
Overal l 

74.00m 
91.70m 

Height: Kee l to main deck 
Main deck to weather deck 

57.70m 
11.25m 

Draught : Operat ing 32.00m at L A T 

Freeboard : To unders ide of main deck 24.50m at L A T 

Water p lane: A rea 1324.00m 2 

C o l u m n s : 4 Corners 
2 Cent re 

17.70m d ia . 
14.50m d ia . 

Pon toons : Height 
Width 
Corner rad ius 

10.80m 
8.00m 
1.50m 

D isp lacement : Approx. 61500 tonnes 

Tota l weight : Including r iser tens ion 
(Approx) 

48500 tonnes 

Fig. 2 
Hutton T L P 1.33 model under 
m a x i m u m height, max imum s t e e p n e s s , regular 
w a v e s in NMI main test tank, London 

Fig. 3 
Hutton T L P tower hull under cons t ruc t ion 
in the dry dock at Nigg. 
Pontoon is about to be lifted in. 

Local reports 
summary 
Jim Hannon 

The fol lowing digest is from the papers by: 
(1) David Bedford - Hong Kong 

(2) Derek B lackwood - Sco t land 

(3) Ian M a c k e n z i e - A u s t r a l i a 

(4) Cl i f f M c M i l l a n - S o u t h A f r i ca 

(5) F inbar McSweeney - Ireland 

for the Arup Pa r tne rsh ips S t ruc tu ra l Stee l 
work Sem ina r in 1982. 

(1) H O N G K O N G 
Arup involvement with steelwork in Hong 
Kong tends to be limited to spec i f i c 
e lements of construct ion and the design of 
temporary works . 
The local fabr icat ion fac i l i t ies are min imal , 
apart from a few local sh ipyards wh ich have 
begun to diversi fy the field of s t ructural 
steelwork construct ion. Th i s means that, 
generally, s t ructural steelwork is fabr icated 
overseas , thus requiring a long lead-in t ime, 
and once the shipping of the fabr icated 
sec t ions h a s commenced there is little 
flexibil i ty to incorporate a l terat ions or 
modi f icat ions. 
The requirement of the Bui lding Regula t ions 
regarding concrete encasemen t for cor
rosion protect ion, etc., and a re luc tance to 
accept l ightweight fire protect ion, until 
recently, have led to all the steel- f ramed 
buildings erected to date in Hong Kong 
having their st ructure totally e n c a s e d in 

Fig. 1 A lmondel l Footbr idge 

Fig. 2 The Roya l Commonweal th Pool. 
Arch i tec ts : Robert Matthew, Johnson-
Marshal l & Par tners 

concrete, and, al though faster to erect than 
reinforced concrete, the steel- framed struc
tures are general ly 25 to 3 5 % more expen
s ive than reinforced concrete. 
(2) SCOTLAND 
T h e four Arup o f f i ces of the Scot t i sh 
pract ice: Aberdeen, Dundee, Edinburgh and 
G lasgow have designed a wide variety of 
steel s t ructures over the years . 
Typical of the range are three of our projects 
wh ich have received Structura l Steel Design 
Awards ; The Roya l Commonwea l th Pool, 
Edinburgh, Almondel l Footbridge and K ings 
Bui ld ings Boi lerhouse. 
The superst ructure of the Roya l Common
weal th Swimming Pool is of 280 tonnes of 
s t ructural steelwork construct ion with a roof 
of 78m x 68m in two way spanning steelwork. 
In addit ion to the perimeter co lumns, the 
planning of the interior permitted support 
from a s ingle off-centre internal co lumn. 

Almondel l Footbr idge is a cable-s tayed 
girder bridge of 30m span . The s imple 19m 
high 'A' f rame and vierendeel deck produce a 
dramat ic but p leas ing structure wh ich sui ts 
the heavi ly wooded surroundings. 
At K ings Bui ld ings the problem of con
struct ing a new boi lerhouse and chimney 
round the ex is t ing plant while maintaining a 
cont inuous supply of heat w a s neatly solved 
using steelwork. The c luster of eight new 
steel f lues is structural ly independent of the 
ex is t ing brick ch imney round wh ich they 
were built. 

In recent yea rs our exper ience in the use of 
steelwork s e e m s to have fal len roughly into 
three broad categor ies : 

(a) Civil engineering 

(b) Low rise buildings 

(c) Roof structures. 



Table 1: Structural cos ts of steel-framed buildings 

C o s t s at 1980 ra tes: R a n d s / m 2 

Penmor Dennehof Garden 
Tower Park P l a z a 

S tee l b e a m s R 44.90 R 22.06 R 43.30 

S h e a r s t u d s 2.13 3.70 3.40 

S tee l c o l u m n s and brac ing 19.00 13.30 15.60 

S tee l deck ing 12.00 11.72 16.00 

Conc re te topping including mesh 
and power f loat f in ish ing 11.00 10.29 9.96 

Temporary propping of deck 2.50 1.72 — 

Fi re protect ion 
(P las te red or S p r a y e d Vermicul i te) 14.00 13.16 14.42 

R 105.53 R 75.95 R 102.68 

Composite action 
The economic advantage of compos i te 
act ion for both primary and secondary 
beams is wel l -known. Normally the beams 
can be unpropped during construct ion and 
only act composi te ly under live load. S i n c e 
CP117 requires e las t ic working load design 
a s well a s an ult imate load check with 0.9 x 
yield s t r e s s in the ext reme f ibres of the 
beam, there is often no s igni f icant penalty in 
th is approach. Somet imes , however, it is 
found that temporary propping under dead 
load is desirable. 

To ach ieve composi te act ion eff iciently, it is 
desi rable to weld the shear s tuds through 
the metal deck. Th i s enab les the deck to be 
laid in long lengths over the beams without 
interference and s a v e s considerable t ime in 
laying out the deck. F ix ing the s tuds in the 
shop would require holes to be located 
appropriately in the decking before laying, or 
al ternat ively require shorter deck lengths 
with l oss of continuity in structural act ion. 
Composite metal deck 
There are several benef i ts of using a metal 
deck composi te ly with the concrete topping. 
The deck can be laid rapidly immediately 
af ter steel erect ion to provide a sa fe working 
platform and serve a s a permanent shutter 
for the concrete topping without propping. 
T h e correct cho ice of deck sect ion c a n 
minimize dead load and reinforcement whi le 
providing adequate fire rating without the 
unders ide having to be sprayed. Power 
f loated f in ishes el iminate the need for a 
sc reed over the topping. 
T h e range of avai lable deck sec t ions is 
l imited. Wider rig sec t ions have now been 
developed to a s s i s t with shear t ransmiss ion 
under compos i te act ion when the ribs run 
a c r o s s the beam, a s it is normal for most 
secondary beams on a typical floor. With the 
narrower ribs general ly avai lable local ly the 
shea r capac i ty of the s tuds is s igni f icant ly 
reduced. 
High tensile steel 
The cost benef i ts of Grade 50 steel over 
Grade 43 both in tension and compress ion 
are obvious. 
For co lumns , the advantages are s igni f icant . 
Up to about 10 f loors, al l co lumns can be in 
Grade 50. However, if a concrete core is 
used , the di f ferent ial ax ia l shortening 
between core and co lumns can be of the 
order of 25mm for 10 f loors. Above 10 to 15 
f loors it becomes necessa ry to limit these 
def lect ions by limiting the s t ress in the 
co lumns , either by using Grade 43 steel or 
compos i te co lumns. Precaut ions of building 
out' the dead load di f ferent ia ls can a lso be 
used. 

Grade 50 steel a l so h a s cost benefit for 
beams, but aga in def lect ions often govern, 

20 making mild steel more desirable. Th i s is 

Fig. 7 11 Well ington Road, Parktown. 
Arch i tec ts : Design Col laborat ive 

part icular ly so because of the desirabi l i ty of 
limiting overal l floor depth and using locally 
avai lable sec t ions of limited depth even for 
the longer s p a n s to avoid the cos t of built-up 
sec t ions . In these c a s e s Grade 50 steel used 
at reduced s t r e s s e s can sti l l show a cost 
advantage. 
It should be noted that the use of Grade 50 
steel can inc rease the required lead t imes 
because of problems of availabil i ty. 
Fire protection 
In South A f r i ca two to four-hour rating will 
general ly be required for co lumns and 
primary beams and a two-hour rating for 
secondary beams and the floor. 
Th is can be achieved local ly by the fol lowing 
methods: 
(a) Concre te encasement - min imum of 50 
mm all round. Th i s is only pract ical ly 
feasib le for co lumns, and even then it is a 
tedious operat ion. For a high-rise building it 
can provide the advantage of reducing cost 
through compos i te act ion. 
(b) Spray ing or plaster ing with vermicul i te 
or pearl ite composi t ions. T h i c k n e s s e s re
quired vary from 25mm for a two hour rating 
to 40mm for four hours. 
(c) Spray ing with mineral fibre/ cemen-
t i t ious compos i t ions 
(d) F ix ing precast fire proof panels to the 
member. It is diff icult to provide a f ixing 
method with the required fire rating. 
Prefabr icated s y s t e m s of fire protection are 
in common use ove rseas but only one 
sys tem h a s been sat is factor i ly tested locally. 

The most commonly used methods to date 
have been the sprayed or plastered 
vermicul i te or pearl ite compos i t ions . Never

the less , these are t ime-consuming wet 
t rades, and fire protection remains one of 
the important t ime and cost d rawbacks to 
the ef fect ive use of structural steelwork for 
bui ldings, due to the l imited exper ience in 
the local industry and relatively smal l 
market. 
Cost comparisons 
Table 1 s e t s out the elemental est imat ing 
components for three typical steel o f f ice 
s t ructures. C h a n g e s in detail could occur -
for example cement mortar sc reeds may be 
preferred in certa in c a s e s to a power f loated 
f in ish. However, power f loating h a s the 
advantage of speed and min imum weight. 
Fur thermore foundation requirements would 
have to be analyzed to suit the part icular 
design and si te condi t ions and must be built 
into the cost est imate. 

It must a l so be noted that the fireproofing of 
s t ruc tures by spray ing demands that the 
perimeter of the building be c lad with 
temporary tarpaul ins to avoid material being 
sprayed over the neighbourhood. The rate 
per m 2 for the spray appl icat ion should 
include for th is requirement. A s a rough 
guide, the profile a rea of f ireproofing to 
co lumns and beams is approximately equal 
to the g ross floor a rea of the steel building. 
Economics of steel buildings 
The fol lowing general conc lus ions can be 
drawn about the economics of steel- f ramed 
compared with concrete bui ldings in the 
local market. 
(a) For low and medium rise bui ldings, a 
s tee l s t ructure c o s t s about 5 0 % more than a 
convent ional concrete structure. 
(b) Depending on the s i te condi t ions, this 
penalty c a n be s igni f icant ly reduced by the 
sav ing in foundation c o s t s due to the lighter 
steel structure. 
(c) The overal l penalty on total capi ta l cost 
for the steel st ructure is between 5 % and 
1 0 % . When a l lowance is made for the 
e f fec ts of the more rapid construct ion 
programme on the t ime-dependent c o s t s 
s u c h a s esca la t ion and f inance cha rges 
during the const ruct ion, this penalty is 
virtually e l iminated. 

(d) It h a s been demonstrated that steel 
bui ld ings can be completed more quickly 
than convent ional concrete bui ldings in 
South A f r i ca , and sav ings of between three 
and s ix months have been found for low to 
medium rise projects. However, the s u c c e s s 
of the project is entirely dependent on good 
management and on all the part ies involved 
meeting their commi tments . The f inancia l 
r isk if the project is delayed is greater for a 
steel structure. 
(e) If a steel building is chosen it is 
essen t ia l that the total arch i tectura l , 
s t ructura l and serv ices design should take 
advantage of the part icular propert ies of 
steel a s a const ruct ion medium. A steel 
building requires more discip l ined decis ion
making by the des ign team in the early 
s tages if the programme advantages are to 
be real ized. 

(f) The dec is ion a s to whether to use steei 
or concrete is a marginal one, which wil l be 
af fected by the part icular c i r cums tances 
prevail ing at the time. Most important is the 
a s s e s s e d market advantage of having the 
building completed earl ier and the f inanc ia l 
benefit of earl ier revenue and possib ly 
meeting a part icular projected market de
mand. 
(g) The ef fect of using steel for these 
bui ldings has been to encourage cont ractors 
to find means of building faster in concrete. 
A current major project, involving 20 f loors of 
about 2000 m 2 is being const ructed using 
flat s l a b s and table forms at an average rate 
of four to s ix days per floor. Th is has al l the 
t ime advantages of steel with s igni f icant ly 
l ess cost penalty. 

each set of loadings, e lements can be 
checked for the complete design condit ion 
for compl iance with DnV rules by summing 
member fo rces in acco rdance with the 
relat ionship for e lement force: 

F = 2 F l 7 p i 

where F, is the element force for load c a s e i, 
and pi is the appropriate partial s t r e s s 
factor. Using th is approach the overal l safety 
factor for the design can be expressed in the 
form: _ , ,, 

Sa fe ty factor = 7 m . 7 , yp .£ 

where T m is the partial factor on mater ia l 
strength, K is the s lenderness ratio and i// is 
the load redistr ibution factor. 
In addit ion, the use of fracture mechan i cs in 
the design of thick plate members enab les 
the designer to ensure that the e lements 
prone to fat igue damage are not l imited by 
fracture toughness res is tance. Th i s ensu res 
compl iance with the bas ic limit s ta te 
phi losophy of preventing potential ca ta
strophic modes from dominating the design. 
In the c a s e of the present project it a lso 
enabled fat igue a s s e s s m e n t s made with ref
erence to S S 5400 Part 10 S N curves to be 
co r re la ted 3 4 . 

Configuration of the TLP deck 
The use of box girder technology can be 
seen most c lear ly in the form and behaviour 
of an integrated deck structure. The design 

Table 2. Typical partial s t r ess f a c t o r s ( T p ) . 

Fig. 4 
Pontoon sec t i on being l i f ted 
into posi t ion during a s s e m b l y at 
Hutton T L P lower hull at Nigg 

Load categor ies Operat ing 
(1/12th year) 

Ex t reme 
(100 year) 

Fat igue 

Permanent (P) 1.3 1.0 N/A 

Funct iona l (F) 1.3 1.0 N/A 

S ta t i c Buoyancy ( B s ) 1.3 1.0 N/A 

Dynamic Buoyancy ( B D ) 
(wave generated) 

1.3 1.3 1.0 

Inert ia 1.3 1.3 1.0 

Tethers - due to permanent ( T p ) 1.3 1.0 N/A 

Tethers - due to funct ional/ l ive ( T L ) 1.3 1.0 N/A 

Tethers - due to environmental ( T E ) 1.3 1.3 1.0 

Envi ronmenta l (E) 1.3 1.3 1.0 

Deformat ion (D) Temperature, lack of fit, e tc . 1.0 1.0 N/A 

Acc identa l (A) 1.0 N/A N/A 

of the hull is c loser to shipbui ld ing, in 
part icular to submar ine hull const ruct ion 
pract ice. The T L P deck s p a n s between two 
l ines of three co lumns , each using three 
main and two intermediate plate girders. 
The deck conf igurat ion is completed with 
edge girders running along the column l ines, 
a centra l girder to reduce dif ferent ial 
def lect ions, and three shorter girders to 
provide full perimeter support for the wel l 

bay area, with i ts r iser tens ioners and drill 
derrick support ra i ls . 
The deck is an al l-welded st ructure formed 
by these main plate girders, or bulkhead 
girders, and the deck plating panels . The 
bulkhead ' f langes ' are formed by compact ' I ' 
sect ion chords at the web plate extremit ies. 
Both deck plating and bulkhead girder webs 
use s t i f fened plate construct ion. The 
integrated deck st ructure is shown in F ig . 6. 

Crane pedestals 

Derrick skid 
i.iils 

W f . t l h r r i l r f k 

i Lower chord 

Deck 
bulkheads 

Mating |oint 
Mezzanine deck 

Main deck' 

Fig. 6 
The deck s t ruc ture of the T L P 

r 
Fig. 5 
Hutton T L P co lumn under a s s e m b l y at Nigg. 
Outer shel l about to be l i f ted over inner she l l to form 
s p l a s h zone double sk in ' damage contro l ' sec t ion 

Fig. 7 
Foundat ion template uni ts on barge 
at Invergordon awai t ing f inal sh ipment 
to Hutton T L P s i te , for ins ta l la t ion 



Figs. 8-10 
Hutton T L P integrated deck under 
cons t ruc t ion at Arders ier , Sco t l and . 
F i g . 10 s h o w s internal a rea part ial ly 
f itted out wi th bu lkhead g i rders in 
background (per imeter of a rea shown) 
( F i g s . 8-9 photos: S . L e w a n d o w s k i , 
al l other photos: Nick Prescot t ) 

Th i s form of construct ion fits the layout of 
the p rocess and serv ices by providing a 
number of d iscrete compar tments for each 
of the funct ional a reas . In general terms the 
high r isk, low manned funct ions occupy the 
a reas at the wel l bay end of the platform, and 
the low risk, high manned funct ions the 
other end. In order to minimize the danger of 
a manifold a rea explosion af fect ing 
p rocesses or se rv ices , the well bay a rea is 
provided with an open side. Th i s is achieved 
by making up some sec t ions of bulkhead 
girder in t russ form. In order to ensure that 
an explos ion in the p rocess a rea would not 
threaten the serv ice a reas the partit ioning 
bulkhead girder webs must resist lateral 
pressure loading more readily than the deck 
plat ing. The heart of the deck, the control 
room, is not only p laced a s far away from the 
high r isk a r e a s a s possib le, but is a l so given 
full fire protection. 
Structural behaviour of the TLP deck 
The whole T L P des ign h a s to be a weight 
control exerc ise . The connect ions of the 
deck to the hull co lumn tops must distr ibute 
the load throughout the column wal l she l l . To 
ach ieve this the deck is set down on inter
connected j a c k s at each column top at the 
t ime of deck to hull mating. Th i s ensu res 
that the dead load is equal ly and 
determinately distr ibuted around the co lumn 
she l l . It a l so ensu res that the deck s ta r ts life 
s imply supported between two l ines of 
co lumns . The result is eff ic ient use of the 
deck st ructure s i nce the deck plating wil l be 
act ing with the girders most ef fect ively at 
centre s p a n , and least effect ively at the 
ends . The f inal connect ion is made by 
welding infill s teel between co lumns and 
deck to give full moment and torsioned 
continuity. T h u s the design of the deck is 
dominated by fat igue near to the column 
tops, whi lst s ta t ic loads are more important 
midspan. 

Of part icular di f f icul ty in design is the 
requirement for serv ice and p rocess pene
trat ions through bulkhead girders at 
posi t ions chosen by equipment layout, a s 
opposed to st ructural logic. Spec ia l 
penetrat ion deta i ls must be developed. 
S i n c e the s ize of even the largest door 
opening c a u s e s local , rather than global, 
s t r e s s redistr ibution in the girders, 
penetrat ions detai l ing concent ra tes on the 
redistr ibution of load around the ' inef fect ive 
panel'. 

The bulkhead webs are st i f fened primari ly in 
the vert ical direct ion and secondari ly, 
in tercosta l st i f fening is added horizontally, 
giving rectangular unst i f fened pane ls . 
Around a penetrat ion the margin st i f fening 
would be increased to redistr ibute the loads 
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Additionally, intercostal s t i f feners would be 
made fully cont inuous rather than having 
sniped f langes a s e lsewhere. The hole itself 
would have rounded corners and a bolted 
window f rame to provide the gas-tight 
connect ion for the pipe or duct s leeve or 
cab le box. 
The deck sec t ions do not have the s a m e 
problems with penetrat ions. T h e s e are 
formed by shal low plate girders, typical ly 
1.2m deep with 4m centre spac ing , with 
s t i f fened plate panels spann ing between 
them. Inside the deck these are conceived a s 
pal lets on which equipment could be p laced, 
and loose f lange connected with full a c c e s s 
on four s ides . The pal lets can then be lifted 
into the appropriate slot in the girder matrix 
and connected using infill p lates. 
The overal l concept of the deck is based on 
the max imum outfitt ing on a pallet before 
p lacement in the deck, and then the 
max imum outfitt ing of the deck at low level 
on dry land. Once outfitted, the deck can be 
loaded out on to a barge and then set down 
on the hull co lumn tops. 

Deck structural detailing 
The s t i f f ness of the deck in relation to the 
s t i f f ness of the pontoons leads to certa in 
fat igue design problems. The hull pontoons, 
lacking any plan bracing, tend to warp a little 
under a splitt ing wave. S i n c e this wave is of 
considerably shorter wavelength than the 
s ta t ic peak s t r e s s waves , it fa l ls into the top 
end of the fat igue damage waves . The 
warping imposes a torque load on the 
co lumns wh ich are effect ively built in at deck 
level. T h u s the torque is carr ied out by the 
lower level deck plat ing, the main deck 
pal lets. A s a result a cons iderab le proportion 
of the deck must be detai led extremely 
careful ly, with i tems such a s pipe supports 
and v e s s e l s b a s e s posit ioned exact ly. 
In general terms many deta i ls must be 
adopted universal ly to ensure that there is a 
cons is ten t s tandard of f in ish a s regards on-
si te inspect ion. E x a m p l e s of this include 
ex tens ive use of 'sof tening brackets ' to 
reduce s t r e s s concent ra t ions, a total ban on 
unnecessa ry st i f fener deta i ls involving 

welds to f lange edges (or within 6mm), and 
avo idance of the use of doubler p la tes 
(which are commonly used for pipe and 
serv ice supports) . 
Another item wh ich strongly in f luences 
structural detai l ing is related to the 
possibi l i ty of minor wave crest impac ts on 
the underside of the deck for certa in ext reme 
wave events . Th i s resul ts in the requirement 
for ex tens ive tripping supports to the main 
deck pallet girders. It a lso p laces severe 
cons t ra in ts on exposed serv ice duc ts 
running between the deck and the hull 
co lumn tops. 
The concept of a T L P integrated deck 
requires the high s tandard of fabr icat ion 
f in ish normally assoc ia ted with box girder 
plated s t ructures. However, the bridge-type 
top deck fat igue sens i t ive f in ish is required 
throughout in order to ensure main tenance-
free serv ice. The equivalent to c los ing down 
the outer road lanes for an extended repair 
on a bridge would be shutt ing down the 
whole platform - not only would th is result 
in lost production with the possibi l i ty of a 
f inanc ia l c r i s i s for the oil company 
concerned, but in certa in c a s e s it could be 
extremely diff icult to start up aga in . 
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lead time required to procure and fabr icate 
the steel . 
(b) The sl id core automat ical ly incor
porated the hoist ing and a c c e s s require
ments for later construct ion of the floors, 
including the tower crane, personnel hoist 
and s ta i rs . Metal pan s ta i rs provided the 
essent ia l ear ly a c c e s s to the f loors. 
(c) B e c a u s e many of the se rv ices such a s 
toi lets, s ta i rs , plumbing, ducts and l ifts are 
located in the core, work in the f in ishing of 
these could proceed immediately, unrelated 
to the cr i t ica l path for the general floor 
a reas . 
(d) Work on and in the lift motor room could 
start earlier. 
Once steel erect ion had star ted at ground 
level, the st ructural f rame w a s erected in 
three months (1'/« f loors per week) and the 
building w a s completed for handover within 
12 months. A floor f in ishing cyc le time of one 
week per floor w a s ach ieved for each of the 
follow-up t rades. 

The steel solut ion showed a t ime sav ing of 
five months over an equivalent concrete 
structure. Economic compar is ions indicated 
that the addit ional capi ta l cos t of the steel 
f rame w a s more than off-set by reduced 
interest and esca la t ion during construct ion 
and the benef i ts of earl ier revenue. 
Dennehof Park 
Th i s development, wh ich compr ises three 
4-storey of f ice b locks of approximately 
1000m 2 per floor, w a s recently completed in 
Sandton. The decis ion to use structural 
steelwork w a s taken to minimize con
struct ion t ime, a s s i s t in pegging esca la t ion 
and meet a projected demand in the letting 
market. A n a l y s i s of the const ruct ion pro
gramme showed a three-month sav ing over a 
concrete solut ion. The target programme 
w a s met on si te. 

The composi te floor is formed by flat-soffit 
trough-profile decking spanning up to 2.2m 
with mesh reinforcement, and provides a 
two-hour fire rating. The beams and co lumns 
are protected by plaster ing with Rocklite 
pearlite plaster. In this c a s e stabi l i ty is 
provided by steel bracing in certain bays . 
An interesting aspect of this project w a s the 
s igni f icant sav ing in piled foundation cost 
due to the sav ing of 4 0 % in m a s s compared 
with a concrete structure. 

warden Plaza 
Th i s is a 12-storey steel- f ramed of f ice 
building recently completed in J o h a n n e s 
burg. The typical floor layout is shown in F ig . 
3. The two-level basement w a s const ructed 
in reinforced concrete. The main core and 
two end stair we l ls were s l ipformed in rein
forced concrete. A t ime sav ing of five 
months over a concrete solut ion w a s 
projected. 

Bulk excavat ion and piling commenced on 
si te at the beginning of 1981 and steel 
erect ion w a s complete in August . The 
building w a s substant ia l ly complete in Apri l , 
1982. 
A sprayed mineral fibre fire protection 
appl icat ion developed in C a n a d a w a s 
applied by a local sub-contractor, under 
gu idance from the Canad ian supplier. Th i s 
provided a s igni f icant improvement in 
appl icat ion rate over what had been 
avai lable locally. A purpose-designed ribbed 
metal deck roll by G. Vincent has been used. 
The depth of the deck is 90mm and the 
overal l f in ished floor t h i ckness is 160mm. 
With supplementary reinforcement th is 
provides a two-hour fire rat ing. 

Carlton Hotel Annexe 
Th i s building compr ises nine hotel f loors of 
4 5 0 m 2 each const ructed using a s t ructura l 
steel f rame on top of a reinforced concrete 

transit ion structure which forms the ground 
and first f loors. The annexe is l inked to the 
Car l ton Hotel by a skybr idge a c r o s s the 
Kru is Street at first floor level and a serv ice 
tunnel 15m below the street. 
Pil ing commenced on s i te in March. 1981, 
and steel erect ion w a s completed mid-
August . The building w a s opened in J u n e , 
1982. 

The si te is very smal l and congested and this 
contr ibuted to the decis ion to use s tee l . 
Stand 547, Parktown 
Th i s is a four-storey of f ice building in 
Parktown. 
Of the group of steel s t ruc tures under 
d i scuss ion this is the only building which 
has exposed steelwork a s an archi tectura l 
feature. To ach ieve this the fire author i t ies 
required the building to have spr ink lers 
internally and the window wa l l s to be 
covered internally by a fire act ivated water 
curtain. 
Design considerations 
A few design-related aspec t s are dealt with 
below in relation to solut ions wh ich have 
proved eff ic ient and economica l locally. 

Figs. 5-6 
Garden P laza . Arch i tec ts : Lou is Karol 
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Multi-storey 
steel-framed 
buildings in 
South Africa 
Cliff McMillan 

Introduction 
Over the last 10 years our pract ice in South 
A f r i ca h a s had the opportunity to be involved 
in the design of s ix multi-storey building 
projects using steel- framed solut ions. 
Traditionally, building construct ion in South 
A f r i ca h a s been in reinforced concrete and 
th is remains the main medium and normally 
s h o w s signi f icant cost sav ings over 
s t ructura l steelwork, except for the obvious 
appl icat ions such a s light roofs and 
industr ia l bui ldings. However, with r ising 
rates of esca la t ion and high f inancing c o s t s 
during construct ion, there has been pressure 
to speed up construct ion and ensure earl ier 
occupat ion . In certain c a s e s st ructural steel 
h a s shown benef i ts in meeting these 
object ives. 

Th is paper descr ibes some of the projects of 
th is kind with which we have been involved. 
Penmor Tower 
Th is w a s the first example and w a s really the 
first multi-storey building in South A f r i ca 
wh ich incorporated the techniques 
commonly used in Europe and North 
Amer i ca for the spec i f ic purpose of building 
economica l ly and quickly in s tee l . 

\ 

Fig. 1 Penmor Tower. Arch i tects : Nurcombe 
Summer ley Ringrose & Todd 

It is an 18-storey of f ice building in Johannes 
burg, providing about 17,000m 2 of o f f ice 
accommodat ion over a three-level parking 
basement . The layout of the typical floor 
steel f rame is shown in F ig . 2. 
Compos i te act ion w a s util ized for both main 
and secondary beams. The composi te floor 
w a s formed by a ribbed metal deck spec ia l ly 
rolled for the project. A fire test carr ied out 
by the South A f r i ca Bureau of S tandards 
conf i rmed that, with light reinforcement in 
the topping, the compos i te sect ion qual i f ied 
for a two-hour fire rating on a span of 3.05m 
without treatment of the underside. 
The beams were sprayed with a vermicul i te/ 
gypsum cement compos i te to ach ieve a two-
hour rating for secondary beams and three 
hours for main beams. The co lumns were 
encased in concrete to ach ieve composi te 
act ion, and at the s a m e t ime provide the 
required three-hour rat ing. 
The centra l serv ice core of the building w a s 
sl ipformed in reinforced concrete. A 
concrete core proved economica l and 
structural ly necessa ry in order to provide 
adequate stabi l i ty and limit horizontal s w a y 
under wind loads. The sl ipformed solut ion 
had many construct ion advantages: 
(a) The sl ipforming w a s extremely rapid, 
taking l ess than three months, including the 
time necessary to set up the sl ide, for 
construct ion from foundat ions to the top. 
Sl id ing could commence immediately the 
core foundat ions had been completed and 
processed s imul taneous ly with the 
basement construct ion. St ructura l s teel 
erect ion could then commence off a 
completed ground floor s lab. The al ternat ive 
of providing steel co lumns through the 
basement would have added cost with no 
sav ing in t ime. The basement and core 
construct ion were able to proceed during the 
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Fig. 2 
Penmor Tower , typ ica l floor, s tee l layout and deta i ls 
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Fig. 2 
Sec t i on through new workshop complex 

The Central 
Electricity 
Workshops, 
Johannesburg 
Barrie Williams 
Architects: Rhodes-Harrison Fee & Bold 

General description of project 
The complex is a mult i-function repair and 
workshop faci l i ty for the City E lec t r i ca l 
Engineer of Johannesburg on a 16 ha 
development located on the s i te of the now 
redundant Robinson Deep mine just to the 
south of Johannesburg . It compr ises main
tenance workshops and serv ice fac i l i t ies for 
the generat ing and distr ibution b ranches , 
spec ia l ized test and laboratory fac i l i t ies, 
vehic le workshops, comprehens ive s tores 
and an administrat ion centre. 
In addit ion to being structural engineers on 
the project, Ove Arup and Par tners a lso 
provided civil and mechan ica l engineering 
sk i l l s and therefore played a strong role in 
the s i te planning and co-ordination of si te 
se rv ices . Road a c c e s s w a s cr i t ica l a s a 
96-wheeled, 70m long, low loader, carry ing 
150 tonne t ransformers , had to be 
accommodated and this vehicle a lso had an 
inf luence on the sit ing of the var ious 
bui ldings and their relat ionship to one 
another. A further important planning and 
design parameter w a s the requirement that 
the bui ldings should have a useful serv ice 
life of up to 100 years . Apart from making 
substant ia l provision for future ex tens ion, 
the design a lso had to ant ic ipate 
technological change in munic ipal funct ions 
and plan for a poss ib le metropol i tan 
serv ic ing centre. 

Detai ls of the adopted Master S i te P lan are 
shown on F ig . 1. 
Structural form 
A general interpretation of the c l ient 's 
requirements suggested workshop a reas 
with large column-free s p a c e s serv iced by 
full c rane faci l i t ies. 
An important considerat ion w a s the need to 
offer the client a f lexible working s p a c e with 
regard to usage and mach ine layout and at 
the s a m e t ime recognize the need to adapt 
the bui ldings if a change in use or 
technology required it. Th is , together with 
the c l ea rances required below c rane hooks 
to assemb le and transport the i tems of 
equipment along the length of bui ld ings by 
leap frogging over the work s p a c e rather 
than having c lear a c c e s s corr idors, 
suggested a single-storey high bay 
structure. The structural form a lso evolved 
from the need to make the best use of the 
excel lent natural light we have on the 
Highveld, the need to reduce main tenance 
and c leaning to a minimum and with due 
regard to developing a consis tent archi tec
tural express ion for the bui ldings on the si te. 
Steelwork w a s a natural cho ice for the 
s t ructures of the main bui ldings and a 
number of al ternat ive s c h e m e s were 
produced in which var ious roof prof i les and 
framing al ternat ives were invest igated in 
relation to natural lighting levels. 
The c lear span (45m) chosen for building C5 , 
for example, w a s the result of s tud ies wh ich 
indicated that fewer co lumns and less 
perimeter c ladding and a s ingle-span 
building and c rane were more economica l 
and funct ional than a double span with 
dupl icat ion of c ranes and support ing 
structure. Th is solut ion would not of course 
apply where long line p rocesses have to be 
covered and where there is a high demand 

for c rane use but is more appropriate to the 
jobbing a s against the production type 
workshop. 
The interrelat ionship between building 
frame, the crane and its support s t ruc tures 
w a s invest igated in detail to determine the 
benef i ts of the var ious a l ternat ives and 
resulted in the decis ion to design the main 
building co lumns independently of c rane 
co lumns where c ranes were not required 
immediately. However, where appropriate, all 
foundat ions were designed and const ructed 
with provision for future c ranes . 
The economics of the spac ing of the main 
f rames w a s evaluated for each building in 
relation to crane girder, girt, and f rame 
cos ts . It w a s determined that a spac ing of 
9m seemed the most pract ica l and sui ted the 
monitor spac ing on the larger workshops. A 
9m x 9m planning grid w a s therefore 
es tab l ished for the whole si te. 
The schemework a lso invest igated the 

economics of var ious types of framing 
al ternat ives such a s latt ice t russes , sol id 
web and cas te l la ted portal f rames in 
conjunct ion with the prime considerat ion to 
retain a roof profile that would provide a 
uniform and suf f ic ient level of natural 
l ighting. 
The resul ts of these a n a l y s e s clear ly showed 
that latt ice t r usses were the most economic 
solut ion sui ted to the monitor profile with its 
benef ic ial natural l ighting charac ter is t i cs . 
The remaining structural components have 
sol id webs (girders) or sol id box sec t ions 
(columns) a s , apart from the structural re
quirements, the appearance and main
tenance qual i t ies are more desi rable and are 
expressed in the archi tecture. 
E a c h of the main workshop a reas is served 
by adjacent single-storey anci l lary adminis
tration, training and amenity faci l i t ies. In 
general , these have been const ructed with 
reinforced concrete f rames. 



[H I • 

III i •I 
I i 

ij 

6 

Figs. 3-6 
Cent ra l E lec t r ic i ty W o r k s h o p s , J o h a n n e s b u r g 
A s p e c t s of the new complex 

• 

r—̂  
4 

i t 

16 

Structural details 
The fol lowing are deta i ls of the s ix main 
steel- f ramed buildings of interest. 
Bui lding C 1 : 
a Genera l Test (a i r -condi t ioned, dust- free) 
and Heavy Equ ipment S to re conta in ing two 
10 tonne E O T c r a n e s . 
Bui lding C 3 : 
a Transformer Test and Repai r Bui ld ing 
having one 150 tonne c rane with 25 tonne 
auxi l iary hoist. 
Bui lding C 5 : 
a Heavy Machine Shop with 30 tonne x 
45m span E O T crane. 
Bui lding D 1 : 
Vehicle Maintenance Workshop 
Bui lding E: 
City T reasurer ' s Stores 
Bui lding F: 
Carpenters ' and B lack Trades ' Workshop 

Schedule of building data 

Building 

Height 
to eaves 

m 
Span 

m 
Area 
m 2 

Total 
s tee l 

m a s s tonne 

M a s s 
kg/ 
m 2 

E O T 
c ranes 

C1 15 18 3230 360 111 2 x 10T 

C3 20 18 1340 300 223.9 1 x 150/25T 

C5 16 45 3936 337 85.6 1 x 30/5T 

D1 7 36 3960 185* 46.7 -

E 9.5 9 + 1 8 3 x 2T 

+ 36 5783 730* 68.3 Hois ts 
F 9.5 9 + 18 

+ 36 5824 3 7 1 * 63.7 1 x 15T 

" Inc ludes steel f raming for extens ive mezzanine f loors 

Structural design 
For the var ious loading condi t ions the main 
f rames were analyzed using S T R E S S . The 
full range of local ly avai lable st ructural 
sec t ions were used including built-up box 
sect ion co lumns, rectangular hollow 
sec t ions (fabricated) and tubes for the 
t russes for economy, min imum light 
interference and dust col lect ion, hot rolled 
universal sec t ions for internal co lumns and 
beams and cold rolled sec t ions for roof 
purl ins. 
A reas of concern in the design were: 

Temperature effects on stiff cladding and 
rigid fasteners 
In ant ic ipat ion of a requirement for improved 
internal environmental s tandards in future 
years , an insulated skin with a hard durable 
inner lining of ribbed profile w a s se lected. 
In all the main buildings therefore, the roof 
and side c ladding cons is ted of a double 
metal sk in rigidly fastened together and to 
the support framing using the 'Top 
Speed ' sys tem (self-tapping sc rews ) . A desk 
study suggested that longitudinal 
temperature e f fec ts may lead to ser ious 
distort ion of the c ladding and/or fai lure of 
the fas teners . We therefore init iated a 
research project, undertaken by the 
Wi twatersrand University, in wh ich the 
longitudinal racking act ion of the s ide 
panels below the c rane girder w a s 
s imulated. Th i s conf i rmed the l ikelihood of 
c ladding fai lure at peripheral fas teners and 
proved our concern w a s just i f ied. To avoid 
the problem the panel support f raming w a s 
designed having sui tably slotted holes and 
shoulder bolts, etc., at all connect ions to the 
co lumns, and the cladding given suf f ic ient 
freedom by using f lash ings around the 
periphery of each panel. 

Welding and quality assurance 
We were part icularly concerned about 
achieving first c l a s s welds in severa l a reas 
but more espec ia l ly in the butt we lds in 
tension members (part icularly where hollow 
tubes were concerned) and in the full 
penetration web to f lange we lds of the crane 
girders. We therefore wrote into the contract 
documents that the steelwork contractor 
would appoint an 'approved' independent 
test ing agency to give us the quali ty 
a s s u r a n c e we required. In the second phase 
of the project th is proved to be even more of 
a sa feguard than we ant ic ipated a s , due to 
initial de lays in shop drawing preparation 
and manufacture, much of the work had to 
be sub-let to four or five other fabr icators, 
some of w h o s e exper ience w a s less than 
desirable. Even coding of welders w a s often 
a problem. 

There should be no doubt that in these cir
c u m s t a n c e s a quality a s s u r a n c e programme 
is absolutely essent ia l and can be relatively 
inexpensive. Perhaps some techn ica l notes 

or guidel ines on th is for general distr ibution 
would be appropriate. On occas ion we were 
a lso asked to a s s e s s proposed welding 
procedures - another a rea where our 
inspect ion staf f could do with a s s i s t a n c e . 

Side sway damage to glass gables 
An interesting and highly s u c c e s s f u l feature 
of the south gab les to the main workshops is 
the g l a s s wa l l s covering the full extent of the 
bui ldings. The main f rame s ide sway due to 
c rane surge (40mm) c a u s e d great concern 
among the patent glazing manufac turers , all 
of whom unanimously sa id it cannot be 
done. On examinat ion one locally avai lab le 
s y s t e m (UK design) appeared to have very 
f lexible glazing bar f ixing deta i ls using 
s ingle swivel bolts and sl iding shoes . 
Reference to their UK head of f ice received 
the s a m e reply, i.e. that their sys tem could 
not accommoda te the movement ant ic i
pated. However, a s imple test on a mock-up 
sect ion in their works soon proved that they 
could more than accommoda te the move
ment we were seek ing. The sys tem h a s been 
in operation now for 2Vi yea rs without s ign 
of damage. 

Minimum plate thickness in box columns 
Once the important dec is ion had been taken 
to use box sect ion co lumns exp ressed 
externally, the f inal design (s t ress and inert ia 
wise) required relatively thin plates in the 
webs for the column proportions chosen . 
With the fully welded up sect ion complete 
with welded internal s t i f feners , we were very 
concerned about the v isua l acceptabi l i ty of 
any 'tin cann ing ' due to welding distort ion. 
We solved this more by intuition than by 
design by keeping plate t h i cknesses to a 
minimum of 8mm. Even so the e f fec ts are 
vis ible if you care to look for them but we 
have had no ser ious adverse comments . 

Construction problems 
Welding quality 
A s mentioned previously, welding qual i ty 
w a s initially a big headache with initial 
rejection rates of 50 to 6 0 % of key we lds , i.e. 
t russ tie butt we lds and c rane girder web to 
f lange welds. The g a m m a radiat ion and 
u l t rasonic tes ts of the independent QA 
programme avoided al l the potential emotion 
(for us that is) and ensured that we had the 
quali ty required. Without cont inuous 
inspect ion and sea led name tags with 
photographs, it proved diff icult to ensure 
that only the correct ly coded welders worked 
on our project. 
The need for an experienced plumber 
The welded up box sect ion co lumns each 
contained a 150 0 galvanized steel downpipe. 
To get these instal led and pressure tested 
before c los ing up the co lumns, required the 
serv ices of an exper ienced plumber. All the 
workshops tried at f irst to do this work 
themse lves , at great expense , and with much 

delay. Perhaps we should have ant ic ipated 
th is. 
Minor lack of fit 
Occas iona l l y the main t russ shoe 
connect ion to the face of the box column 
w a s sl ight ly skew ± 2mm gaps on one 
side. Th i s problem only becomes apparent 
once we have a c c e s s at roof level, i.e. too 
late to take correct ive act ion on the ground. 
The solut ion we adopted w a s to e a s e off the 
bolts of the connect ion and to instal l a 
sui table combinat ion of 1mm and 0.5mm 
sh ims before retightening the bolts; a 
somewhat -makeshift solut ion but undoub
tedly better than leaving the joint open. 

Sagging purlins 
The sagging of the cold rolled purl ins caused 
problems even though we ant ic ipated it both 
by instal l ing a sag rod sys tem and by 
insist ing, in the contract documents , that the 
sheet ing contractor w a s responsib le for 
maintaining the purl ins in the correct 
posit ion, al though he aggravated the 
problem by placing al l the shee ts for one bay 
in one spot and by complet ing one slope of 
the roof at a t ime, i.e. the forces on the sag 
rod sys tem were not ba lanced. The s p a c e 
required below the underside of the roof 
sheet ing to permit instal lat ion of the 
insulat ion and inner metal sk in meant that 
the sag rods were not p laced in the ideal 
posit ion, i.e. c lose to the purlin top f lange. In 
the end the sheet ing contractor solved the 
problem by instal l ing a supplementary sag 
rod sys tem of thin s t raps or t ies connect ing 
both top and bottom purlin f langes. The 
lower of these remains visible - a not 
altogether sa t is fac tory solut ion. Our current 
solut ion is to use sag rods having a certain 
amount of bending s t i f fness e.g. light tubes, 
with a double-bolted vert ical end plate. Th i s 
s e e m s to work wel l . 

Conclusion 
To date two p h a s e s involving 2100 tonnes of 
structural s teel have been const ructed and 
work has star ted on a third. 
We believe the project h a s been an all-round 
s u c c e s s that will cater for the c l ient 's needs, 
give him flexibil i ty and keep pace with 
industrial building progress well into the 21st 
century. It is interest ing to note that the 
capi ta l cost of the bui ldings compares 
extremely favourably with the analyzed 
cos t s of s imi lar large sca le comp lexes 
const ructed for the South Af r ican Transport 
Serv ices . There is no doubt that value in use 
ar is ing from the select ion of appropriate 
structural so lu t ions and mater ia ls wil l be of 
great benefit to the cl ient. 
Credits 
Architects and principal agents: 
Rhodes-Harr ison Fee and Bold 
Quantity surveyors: 
R o o s and R o o s Inc. 
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Structural details 
The fol lowing are deta i ls of the s ix main 
steel- f ramed buildings of interest. 
Bui lding C 1 : 
a Genera l Test (a i r -condi t ioned, dust- free) 
and Heavy Equ ipment S to re conta in ing two 
10 tonne E O T c r a n e s . 
Bui lding C 3 : 
a Transformer Test and Repai r Bui ld ing 
having one 150 tonne c rane with 25 tonne 
auxi l iary hoist. 
Bui lding C 5 : 
a Heavy Machine Shop with 30 tonne x 
45m span E O T crane. 
Bui lding D 1 : 
Vehicle Maintenance Workshop 
Bui lding E: 
City T reasurer ' s Stores 
Bui lding F: 
Carpenters ' and B lack Trades ' Workshop 

Schedule of building data 

Building 

Height 
to eaves 

m 
Span 

m 
Area 
m 2 

Total 
s tee l 

m a s s tonne 

M a s s 
kg/ 
m 2 

E O T 
c ranes 

C1 15 18 3230 360 111 2 x 10T 

C3 20 18 1340 300 223.9 1 x 150/25T 

C5 16 45 3936 337 85.6 1 x 30/5T 

D1 7 36 3960 185* 46.7 -

E 9.5 9 + 1 8 3 x 2T 

+ 36 5783 730* 68.3 Hois ts 
F 9.5 9 + 18 

+ 36 5824 3 7 1 * 63.7 1 x 15T 

" Inc ludes steel f raming for extens ive mezzanine f loors 

Structural design 
For the var ious loading condi t ions the main 
f rames were analyzed using S T R E S S . The 
full range of local ly avai lable st ructural 
sec t ions were used including built-up box 
sect ion co lumns, rectangular hollow 
sec t ions (fabricated) and tubes for the 
t russes for economy, min imum light 
interference and dust col lect ion, hot rolled 
universal sec t ions for internal co lumns and 
beams and cold rolled sec t ions for roof 
purl ins. 
A reas of concern in the design were: 

Temperature effects on stiff cladding and 
rigid fasteners 
In ant ic ipat ion of a requirement for improved 
internal environmental s tandards in future 
years , an insulated skin with a hard durable 
inner lining of ribbed profile w a s se lected. 
In all the main buildings therefore, the roof 
and side c ladding cons is ted of a double 
metal sk in rigidly fastened together and to 
the support framing using the 'Top 
Speed ' sys tem (self-tapping sc rews ) . A desk 
study suggested that longitudinal 
temperature e f fec ts may lead to ser ious 
distort ion of the c ladding and/or fai lure of 
the fas teners . We therefore init iated a 
research project, undertaken by the 
Wi twatersrand University, in wh ich the 
longitudinal racking act ion of the s ide 
panels below the c rane girder w a s 
s imulated. Th i s conf i rmed the l ikelihood of 
c ladding fai lure at peripheral fas teners and 
proved our concern w a s just i f ied. To avoid 
the problem the panel support f raming w a s 
designed having sui tably slotted holes and 
shoulder bolts, etc., at all connect ions to the 
co lumns, and the cladding given suf f ic ient 
freedom by using f lash ings around the 
periphery of each panel. 

Welding and quality assurance 
We were part icularly concerned about 
achieving first c l a s s welds in severa l a reas 
but more espec ia l ly in the butt we lds in 
tension members (part icularly where hollow 
tubes were concerned) and in the full 
penetration web to f lange we lds of the crane 
girders. We therefore wrote into the contract 
documents that the steelwork contractor 
would appoint an 'approved' independent 
test ing agency to give us the quali ty 
a s s u r a n c e we required. In the second phase 
of the project th is proved to be even more of 
a sa feguard than we ant ic ipated a s , due to 
initial de lays in shop drawing preparation 
and manufacture, much of the work had to 
be sub-let to four or five other fabr icators, 
some of w h o s e exper ience w a s less than 
desirable. Even coding of welders w a s often 
a problem. 

There should be no doubt that in these cir
c u m s t a n c e s a quality a s s u r a n c e programme 
is absolutely essent ia l and can be relatively 
inexpensive. Perhaps some techn ica l notes 

or guidel ines on th is for general distr ibution 
would be appropriate. On occas ion we were 
a lso asked to a s s e s s proposed welding 
procedures - another a rea where our 
inspect ion staf f could do with a s s i s t a n c e . 

Side sway damage to glass gables 
An interesting and highly s u c c e s s f u l feature 
of the south gab les to the main workshops is 
the g l a s s wa l l s covering the full extent of the 
bui ldings. The main f rame s ide sway due to 
c rane surge (40mm) c a u s e d great concern 
among the patent glazing manufac turers , all 
of whom unanimously sa id it cannot be 
done. On examinat ion one locally avai lab le 
s y s t e m (UK design) appeared to have very 
f lexible glazing bar f ixing deta i ls using 
s ingle swivel bolts and sl iding shoes . 
Reference to their UK head of f ice received 
the s a m e reply, i.e. that their sys tem could 
not accommoda te the movement ant ic i
pated. However, a s imple test on a mock-up 
sect ion in their works soon proved that they 
could more than accommoda te the move
ment we were seek ing. The sys tem h a s been 
in operation now for 2Vi yea rs without s ign 
of damage. 

Minimum plate thickness in box columns 
Once the important dec is ion had been taken 
to use box sect ion co lumns exp ressed 
externally, the f inal design (s t ress and inert ia 
wise) required relatively thin plates in the 
webs for the column proportions chosen . 
With the fully welded up sect ion complete 
with welded internal s t i f feners , we were very 
concerned about the v isua l acceptabi l i ty of 
any 'tin cann ing ' due to welding distort ion. 
We solved this more by intuition than by 
design by keeping plate t h i cknesses to a 
minimum of 8mm. Even so the e f fec ts are 
vis ible if you care to look for them but we 
have had no ser ious adverse comments . 

Construction problems 
Welding quality 
A s mentioned previously, welding qual i ty 
w a s initially a big headache with initial 
rejection rates of 50 to 6 0 % of key we lds , i.e. 
t russ tie butt we lds and c rane girder web to 
f lange welds. The g a m m a radiat ion and 
u l t rasonic tes ts of the independent QA 
programme avoided al l the potential emotion 
(for us that is) and ensured that we had the 
quali ty required. Without cont inuous 
inspect ion and sea led name tags with 
photographs, it proved diff icult to ensure 
that only the correct ly coded welders worked 
on our project. 
The need for an experienced plumber 
The welded up box sect ion co lumns each 
contained a 150 0 galvanized steel downpipe. 
To get these instal led and pressure tested 
before c los ing up the co lumns, required the 
serv ices of an exper ienced plumber. All the 
workshops tried at f irst to do this work 
themse lves , at great expense , and with much 

delay. Perhaps we should have ant ic ipated 
th is. 
Minor lack of fit 
Occas iona l l y the main t russ shoe 
connect ion to the face of the box column 
w a s sl ight ly skew ± 2mm gaps on one 
side. Th i s problem only becomes apparent 
once we have a c c e s s at roof level, i.e. too 
late to take correct ive act ion on the ground. 
The solut ion we adopted w a s to e a s e off the 
bolts of the connect ion and to instal l a 
sui table combinat ion of 1mm and 0.5mm 
sh ims before retightening the bolts; a 
somewhat -makeshift solut ion but undoub
tedly better than leaving the joint open. 

Sagging purlins 
The sagging of the cold rolled purl ins caused 
problems even though we ant ic ipated it both 
by instal l ing a sag rod sys tem and by 
insist ing, in the contract documents , that the 
sheet ing contractor w a s responsib le for 
maintaining the purl ins in the correct 
posit ion, al though he aggravated the 
problem by placing al l the shee ts for one bay 
in one spot and by complet ing one slope of 
the roof at a t ime, i.e. the forces on the sag 
rod sys tem were not ba lanced. The s p a c e 
required below the underside of the roof 
sheet ing to permit instal lat ion of the 
insulat ion and inner metal sk in meant that 
the sag rods were not p laced in the ideal 
posit ion, i.e. c lose to the purlin top f lange. In 
the end the sheet ing contractor solved the 
problem by instal l ing a supplementary sag 
rod sys tem of thin s t raps or t ies connect ing 
both top and bottom purlin f langes. The 
lower of these remains visible - a not 
altogether sa t is fac tory solut ion. Our current 
solut ion is to use sag rods having a certain 
amount of bending s t i f fness e.g. light tubes, 
with a double-bolted vert ical end plate. Th i s 
s e e m s to work wel l . 

Conclusion 
To date two p h a s e s involving 2100 tonnes of 
structural s teel have been const ructed and 
work has star ted on a third. 
We believe the project h a s been an all-round 
s u c c e s s that will cater for the c l ient 's needs, 
give him flexibil i ty and keep pace with 
industrial building progress well into the 21st 
century. It is interest ing to note that the 
capi ta l cost of the bui ldings compares 
extremely favourably with the analyzed 
cos t s of s imi lar large sca le comp lexes 
const ructed for the South Af r ican Transport 
Serv ices . There is no doubt that value in use 
ar is ing from the select ion of appropriate 
structural so lu t ions and mater ia ls wil l be of 
great benefit to the cl ient. 
Credits 
Architects and principal agents: 
Rhodes-Harr ison Fee and Bold 
Quantity surveyors: 
R o o s and R o o s Inc. 



Multi-storey 
steel-framed 
buildings in 
South Africa 
Cliff McMillan 

Introduction 
Over the last 10 years our pract ice in South 
A f r i ca h a s had the opportunity to be involved 
in the design of s ix multi-storey building 
projects using steel- framed solut ions. 
Traditionally, building construct ion in South 
A f r i ca h a s been in reinforced concrete and 
th is remains the main medium and normally 
s h o w s signi f icant cost sav ings over 
s t ructura l steelwork, except for the obvious 
appl icat ions such a s light roofs and 
industr ia l bui ldings. However, with r ising 
rates of esca la t ion and high f inancing c o s t s 
during construct ion, there has been pressure 
to speed up construct ion and ensure earl ier 
occupat ion . In certain c a s e s st ructural steel 
h a s shown benef i ts in meeting these 
object ives. 

Th is paper descr ibes some of the projects of 
th is kind with which we have been involved. 
Penmor Tower 
Th is w a s the first example and w a s really the 
first multi-storey building in South A f r i ca 
wh ich incorporated the techniques 
commonly used in Europe and North 
Amer i ca for the spec i f ic purpose of building 
economica l ly and quickly in s tee l . 

\ 

Fig. 1 Penmor Tower. Arch i tects : Nurcombe 
Summer ley Ringrose & Todd 

It is an 18-storey of f ice building in Johannes 
burg, providing about 17,000m 2 of o f f ice 
accommodat ion over a three-level parking 
basement . The layout of the typical floor 
steel f rame is shown in F ig . 2. 
Compos i te act ion w a s util ized for both main 
and secondary beams. The composi te floor 
w a s formed by a ribbed metal deck spec ia l ly 
rolled for the project. A fire test carr ied out 
by the South A f r i ca Bureau of S tandards 
conf i rmed that, with light reinforcement in 
the topping, the compos i te sect ion qual i f ied 
for a two-hour fire rating on a span of 3.05m 
without treatment of the underside. 
The beams were sprayed with a vermicul i te/ 
gypsum cement compos i te to ach ieve a two-
hour rating for secondary beams and three 
hours for main beams. The co lumns were 
encased in concrete to ach ieve composi te 
act ion, and at the s a m e t ime provide the 
required three-hour rat ing. 
The centra l serv ice core of the building w a s 
sl ipformed in reinforced concrete. A 
concrete core proved economica l and 
structural ly necessa ry in order to provide 
adequate stabi l i ty and limit horizontal s w a y 
under wind loads. The sl ipformed solut ion 
had many construct ion advantages: 
(a) The sl ipforming w a s extremely rapid, 
taking l ess than three months, including the 
time necessary to set up the sl ide, for 
construct ion from foundat ions to the top. 
Sl id ing could commence immediately the 
core foundat ions had been completed and 
processed s imul taneous ly with the 
basement construct ion. St ructura l s teel 
erect ion could then commence off a 
completed ground floor s lab. The al ternat ive 
of providing steel co lumns through the 
basement would have added cost with no 
sav ing in t ime. The basement and core 
construct ion were able to proceed during the 

Built up 
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Fig. 2 
Penmor Tower , typ ica l floor, s tee l layout and deta i ls 
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Fig. 3 
Dennehof Park, typ ica l f loor, s tee l layout and deta i ls 
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Fig. 2 
Sec t i on through new workshop complex 

The Central 
Electricity 
Workshops, 
Johannesburg 
Barrie Williams 
Architects: Rhodes-Harrison Fee & Bold 

General description of project 
The complex is a mult i-function repair and 
workshop faci l i ty for the City E lec t r i ca l 
Engineer of Johannesburg on a 16 ha 
development located on the s i te of the now 
redundant Robinson Deep mine just to the 
south of Johannesburg . It compr ises main
tenance workshops and serv ice fac i l i t ies for 
the generat ing and distr ibution b ranches , 
spec ia l ized test and laboratory fac i l i t ies, 
vehic le workshops, comprehens ive s tores 
and an administrat ion centre. 
In addit ion to being structural engineers on 
the project, Ove Arup and Par tners a lso 
provided civil and mechan ica l engineering 
sk i l l s and therefore played a strong role in 
the s i te planning and co-ordination of si te 
se rv ices . Road a c c e s s w a s cr i t ica l a s a 
96-wheeled, 70m long, low loader, carry ing 
150 tonne t ransformers , had to be 
accommodated and this vehicle a lso had an 
inf luence on the sit ing of the var ious 
bui ldings and their relat ionship to one 
another. A further important planning and 
design parameter w a s the requirement that 
the bui ldings should have a useful serv ice 
life of up to 100 years . Apart from making 
substant ia l provision for future ex tens ion, 
the design a lso had to ant ic ipate 
technological change in munic ipal funct ions 
and plan for a poss ib le metropol i tan 
serv ic ing centre. 

Detai ls of the adopted Master S i te P lan are 
shown on F ig . 1. 
Structural form 
A general interpretation of the c l ient 's 
requirements suggested workshop a reas 
with large column-free s p a c e s serv iced by 
full c rane faci l i t ies. 
An important considerat ion w a s the need to 
offer the client a f lexible working s p a c e with 
regard to usage and mach ine layout and at 
the s a m e t ime recognize the need to adapt 
the bui ldings if a change in use or 
technology required it. Th is , together with 
the c l ea rances required below c rane hooks 
to assemb le and transport the i tems of 
equipment along the length of bui ld ings by 
leap frogging over the work s p a c e rather 
than having c lear a c c e s s corr idors, 
suggested a single-storey high bay 
structure. The structural form a lso evolved 
from the need to make the best use of the 
excel lent natural light we have on the 
Highveld, the need to reduce main tenance 
and c leaning to a minimum and with due 
regard to developing a consis tent archi tec
tural express ion for the bui ldings on the si te. 
Steelwork w a s a natural cho ice for the 
s t ructures of the main bui ldings and a 
number of al ternat ive s c h e m e s were 
produced in which var ious roof prof i les and 
framing al ternat ives were invest igated in 
relation to natural lighting levels. 
The c lear span (45m) chosen for building C5 , 
for example, w a s the result of s tud ies wh ich 
indicated that fewer co lumns and less 
perimeter c ladding and a s ingle-span 
building and c rane were more economica l 
and funct ional than a double span with 
dupl icat ion of c ranes and support ing 
structure. Th is solut ion would not of course 
apply where long line p rocesses have to be 
covered and where there is a high demand 

for c rane use but is more appropriate to the 
jobbing a s against the production type 
workshop. 
The interrelat ionship between building 
frame, the crane and its support s t ruc tures 
w a s invest igated in detail to determine the 
benef i ts of the var ious a l ternat ives and 
resulted in the decis ion to design the main 
building co lumns independently of c rane 
co lumns where c ranes were not required 
immediately. However, where appropriate, all 
foundat ions were designed and const ructed 
with provision for future c ranes . 
The economics of the spac ing of the main 
f rames w a s evaluated for each building in 
relation to crane girder, girt, and f rame 
cos ts . It w a s determined that a spac ing of 
9m seemed the most pract ica l and sui ted the 
monitor spac ing on the larger workshops. A 
9m x 9m planning grid w a s therefore 
es tab l ished for the whole si te. 
The schemework a lso invest igated the 

economics of var ious types of framing 
al ternat ives such a s latt ice t russes , sol id 
web and cas te l la ted portal f rames in 
conjunct ion with the prime considerat ion to 
retain a roof profile that would provide a 
uniform and suf f ic ient level of natural 
l ighting. 
The resul ts of these a n a l y s e s clear ly showed 
that latt ice t r usses were the most economic 
solut ion sui ted to the monitor profile with its 
benef ic ial natural l ighting charac ter is t i cs . 
The remaining structural components have 
sol id webs (girders) or sol id box sec t ions 
(columns) a s , apart from the structural re
quirements, the appearance and main
tenance qual i t ies are more desi rable and are 
expressed in the archi tecture. 
E a c h of the main workshop a reas is served 
by adjacent single-storey anci l lary adminis
tration, training and amenity faci l i t ies. In 
general , these have been const ructed with 
reinforced concrete f rames. 



Figs. 8-10 
Hutton T L P integrated deck under 
cons t ruc t ion at Arders ier , Sco t l and . 
F i g . 10 s h o w s internal a rea part ial ly 
f itted out wi th bu lkhead g i rders in 
background (per imeter of a rea shown) 
( F i g s . 8-9 photos: S . L e w a n d o w s k i , 
al l other photos: Nick Prescot t ) 

Th i s form of construct ion fits the layout of 
the p rocess and serv ices by providing a 
number of d iscrete compar tments for each 
of the funct ional a reas . In general terms the 
high r isk, low manned funct ions occupy the 
a reas at the wel l bay end of the platform, and 
the low risk, high manned funct ions the 
other end. In order to minimize the danger of 
a manifold a rea explosion af fect ing 
p rocesses or se rv ices , the well bay a rea is 
provided with an open side. Th i s is achieved 
by making up some sec t ions of bulkhead 
girder in t russ form. In order to ensure that 
an explos ion in the p rocess a rea would not 
threaten the serv ice a reas the partit ioning 
bulkhead girder webs must resist lateral 
pressure loading more readily than the deck 
plat ing. The heart of the deck, the control 
room, is not only p laced a s far away from the 
high r isk a r e a s a s possib le, but is a l so given 
full fire protection. 
Structural behaviour of the TLP deck 
The whole T L P des ign h a s to be a weight 
control exerc ise . The connect ions of the 
deck to the hull co lumn tops must distr ibute 
the load throughout the column wal l she l l . To 
ach ieve this the deck is set down on inter
connected j a c k s at each column top at the 
t ime of deck to hull mating. Th i s ensu res 
that the dead load is equal ly and 
determinately distr ibuted around the co lumn 
she l l . It a l so ensu res that the deck s ta r ts life 
s imply supported between two l ines of 
co lumns . The result is eff ic ient use of the 
deck st ructure s i nce the deck plating wil l be 
act ing with the girders most ef fect ively at 
centre s p a n , and least effect ively at the 
ends . The f inal connect ion is made by 
welding infill s teel between co lumns and 
deck to give full moment and torsioned 
continuity. T h u s the design of the deck is 
dominated by fat igue near to the column 
tops, whi lst s ta t ic loads are more important 
midspan. 

Of part icular di f f icul ty in design is the 
requirement for serv ice and p rocess pene
trat ions through bulkhead girders at 
posi t ions chosen by equipment layout, a s 
opposed to st ructural logic. Spec ia l 
penetrat ion deta i ls must be developed. 
S i n c e the s ize of even the largest door 
opening c a u s e s local , rather than global, 
s t r e s s redistr ibution in the girders, 
penetrat ions detai l ing concent ra tes on the 
redistr ibution of load around the ' inef fect ive 
panel'. 

The bulkhead webs are st i f fened primari ly in 
the vert ical direct ion and secondari ly, 
in tercosta l st i f fening is added horizontally, 
giving rectangular unst i f fened pane ls . 
Around a penetrat ion the margin st i f fening 
would be increased to redistr ibute the loads 

14 throughout all the adjacent panels . 
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Additionally, intercostal s t i f feners would be 
made fully cont inuous rather than having 
sniped f langes a s e lsewhere. The hole itself 
would have rounded corners and a bolted 
window f rame to provide the gas-tight 
connect ion for the pipe or duct s leeve or 
cab le box. 
The deck sec t ions do not have the s a m e 
problems with penetrat ions. T h e s e are 
formed by shal low plate girders, typical ly 
1.2m deep with 4m centre spac ing , with 
s t i f fened plate panels spann ing between 
them. Inside the deck these are conceived a s 
pal lets on which equipment could be p laced, 
and loose f lange connected with full a c c e s s 
on four s ides . The pal lets can then be lifted 
into the appropriate slot in the girder matrix 
and connected using infill p lates. 
The overal l concept of the deck is based on 
the max imum outfitt ing on a pallet before 
p lacement in the deck, and then the 
max imum outfitt ing of the deck at low level 
on dry land. Once outfitted, the deck can be 
loaded out on to a barge and then set down 
on the hull co lumn tops. 

Deck structural detailing 
The s t i f f ness of the deck in relation to the 
s t i f f ness of the pontoons leads to certa in 
fat igue design problems. The hull pontoons, 
lacking any plan bracing, tend to warp a little 
under a splitt ing wave. S i n c e this wave is of 
considerably shorter wavelength than the 
s ta t ic peak s t r e s s waves , it fa l ls into the top 
end of the fat igue damage waves . The 
warping imposes a torque load on the 
co lumns wh ich are effect ively built in at deck 
level. T h u s the torque is carr ied out by the 
lower level deck plat ing, the main deck 
pal lets. A s a result a cons iderab le proportion 
of the deck must be detai led extremely 
careful ly, with i tems such a s pipe supports 
and v e s s e l s b a s e s posit ioned exact ly. 
In general terms many deta i ls must be 
adopted universal ly to ensure that there is a 
cons is ten t s tandard of f in ish a s regards on-
si te inspect ion. E x a m p l e s of this include 
ex tens ive use of 'sof tening brackets ' to 
reduce s t r e s s concent ra t ions, a total ban on 
unnecessa ry st i f fener deta i ls involving 

welds to f lange edges (or within 6mm), and 
avo idance of the use of doubler p la tes 
(which are commonly used for pipe and 
serv ice supports) . 
Another item wh ich strongly in f luences 
structural detai l ing is related to the 
possibi l i ty of minor wave crest impac ts on 
the underside of the deck for certa in ext reme 
wave events . Th i s resul ts in the requirement 
for ex tens ive tripping supports to the main 
deck pallet girders. It a lso p laces severe 
cons t ra in ts on exposed serv ice duc ts 
running between the deck and the hull 
co lumn tops. 
The concept of a T L P integrated deck 
requires the high s tandard of fabr icat ion 
f in ish normally assoc ia ted with box girder 
plated s t ructures. However, the bridge-type 
top deck fat igue sens i t ive f in ish is required 
throughout in order to ensure main tenance-
free serv ice. The equivalent to c los ing down 
the outer road lanes for an extended repair 
on a bridge would be shutt ing down the 
whole platform - not only would th is result 
in lost production with the possibi l i ty of a 
f inanc ia l c r i s i s for the oil company 
concerned, but in certa in c a s e s it could be 
extremely diff icult to start up aga in . 
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lead time required to procure and fabr icate 
the steel . 
(b) The sl id core automat ical ly incor
porated the hoist ing and a c c e s s require
ments for later construct ion of the floors, 
including the tower crane, personnel hoist 
and s ta i rs . Metal pan s ta i rs provided the 
essent ia l ear ly a c c e s s to the f loors. 
(c) B e c a u s e many of the se rv ices such a s 
toi lets, s ta i rs , plumbing, ducts and l ifts are 
located in the core, work in the f in ishing of 
these could proceed immediately, unrelated 
to the cr i t ica l path for the general floor 
a reas . 
(d) Work on and in the lift motor room could 
start earlier. 
Once steel erect ion had star ted at ground 
level, the st ructural f rame w a s erected in 
three months (1'/« f loors per week) and the 
building w a s completed for handover within 
12 months. A floor f in ishing cyc le time of one 
week per floor w a s ach ieved for each of the 
follow-up t rades. 

The steel solut ion showed a t ime sav ing of 
five months over an equivalent concrete 
structure. Economic compar is ions indicated 
that the addit ional capi ta l cos t of the steel 
f rame w a s more than off-set by reduced 
interest and esca la t ion during construct ion 
and the benef i ts of earl ier revenue. 
Dennehof Park 
Th i s development, wh ich compr ises three 
4-storey of f ice b locks of approximately 
1000m 2 per floor, w a s recently completed in 
Sandton. The decis ion to use structural 
steelwork w a s taken to minimize con
struct ion t ime, a s s i s t in pegging esca la t ion 
and meet a projected demand in the letting 
market. A n a l y s i s of the const ruct ion pro
gramme showed a three-month sav ing over a 
concrete solut ion. The target programme 
w a s met on si te. 

The composi te floor is formed by flat-soffit 
trough-profile decking spanning up to 2.2m 
with mesh reinforcement, and provides a 
two-hour fire rating. The beams and co lumns 
are protected by plaster ing with Rocklite 
pearlite plaster. In this c a s e stabi l i ty is 
provided by steel bracing in certain bays . 
An interesting aspect of this project w a s the 
s igni f icant sav ing in piled foundation cost 
due to the sav ing of 4 0 % in m a s s compared 
with a concrete structure. 

warden Plaza 
Th i s is a 12-storey steel- f ramed of f ice 
building recently completed in J o h a n n e s 
burg. The typical floor layout is shown in F ig . 
3. The two-level basement w a s const ructed 
in reinforced concrete. The main core and 
two end stair we l ls were s l ipformed in rein
forced concrete. A t ime sav ing of five 
months over a concrete solut ion w a s 
projected. 

Bulk excavat ion and piling commenced on 
si te at the beginning of 1981 and steel 
erect ion w a s complete in August . The 
building w a s substant ia l ly complete in Apri l , 
1982. 
A sprayed mineral fibre fire protection 
appl icat ion developed in C a n a d a w a s 
applied by a local sub-contractor, under 
gu idance from the Canad ian supplier. Th i s 
provided a s igni f icant improvement in 
appl icat ion rate over what had been 
avai lable locally. A purpose-designed ribbed 
metal deck roll by G. Vincent has been used. 
The depth of the deck is 90mm and the 
overal l f in ished floor t h i ckness is 160mm. 
With supplementary reinforcement th is 
provides a two-hour fire rat ing. 

Carlton Hotel Annexe 
Th i s building compr ises nine hotel f loors of 
4 5 0 m 2 each const ructed using a s t ructura l 
steel f rame on top of a reinforced concrete 

transit ion structure which forms the ground 
and first f loors. The annexe is l inked to the 
Car l ton Hotel by a skybr idge a c r o s s the 
Kru is Street at first floor level and a serv ice 
tunnel 15m below the street. 
Pil ing commenced on s i te in March. 1981, 
and steel erect ion w a s completed mid-
August . The building w a s opened in J u n e , 
1982. 

The si te is very smal l and congested and this 
contr ibuted to the decis ion to use s tee l . 
Stand 547, Parktown 
Th i s is a four-storey of f ice building in 
Parktown. 
Of the group of steel s t ruc tures under 
d i scuss ion this is the only building which 
has exposed steelwork a s an archi tectura l 
feature. To ach ieve this the fire author i t ies 
required the building to have spr ink lers 
internally and the window wa l l s to be 
covered internally by a fire act ivated water 
curtain. 
Design considerations 
A few design-related a s p e c t s are dealt with 
below in relation to solut ions wh ich have 
proved eff ic ient and economica l locally. 
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Table 1: Structural cos ts of steel-framed buildings 

C o s t s at 1980 ra tes: R a n d s / m 2 

Penmor Dennehof Garden 
Tower Park P l a z a 

S tee l b e a m s R 44.90 R 22.06 R 43.30 

S h e a r s t u d s 2.13 3.70 3.40 

S tee l c o l u m n s and brac ing 19.00 13.30 15.60 

S tee l deck ing 12.00 11.72 16.00 

Conc re te topping including mesh 
and power f loat f in ish ing 11.00 10.29 9.96 

Temporary propping of deck 2.50 1.72 — 

Fi re protect ion 
(P las te red or S p r a y e d Vermicul i te) 14.00 13.16 14.42 

R 105.53 R 75.95 R 102.68 

Composite action 
The economic advantage of compos i te 
act ion for both primary and secondary 
beams is wel l -known. Normally the beams 
can be unpropped during construct ion and 
only act composi te ly under live load. S i n c e 
CP117 requires e las t ic working load design 
a s well a s an ult imate load check with 0.9 x 
yield s t r e s s in the ext reme f ibres of the 
beam, there is often no s igni f icant penalty in 
th is approach. Somet imes , however, it is 
found that temporary propping under dead 
load is desirable. 

To ach ieve composi te act ion eff iciently, it is 
desi rable to weld the shear s tuds through 
the metal deck. Th i s enab les the deck to be 
laid in long lengths over the beams without 
interference and s a v e s considerable t ime in 
laying out the deck. F ix ing the s tuds in the 
shop would require holes to be located 
appropriately in the decking before laying, or 
al ternat ively require shorter deck lengths 
with l oss of continuity in structural act ion. 
Composite metal deck 
There are several benef i ts of using a metal 
deck composi te ly with the concrete topping. 
The deck can be laid rapidly immediately 
af ter steel erect ion to provide a sa fe working 
platform and serve a s a permanent shutter 
for the concrete topping without propping. 
T h e correct cho ice of deck sect ion c a n 
minimize dead load and reinforcement whi le 
providing adequate fire rating without the 
unders ide having to be sprayed. Power 
f loated f in ishes el iminate the need for a 
sc reed over the topping. 
T h e range of avai lable deck sec t ions is 
l imited. Wider rig sec t ions have now been 
developed to a s s i s t with shear t ransmiss ion 
under compos i te act ion when the ribs run 
a c r o s s the beam, a s it is normal for most 
secondary beams on a typical floor. With the 
narrower ribs general ly avai lable local ly the 
shea r capac i ty of the s tuds is s igni f icant ly 
reduced. 
High tensile steel 
The cost benef i ts of Grade 50 steel over 
Grade 43 both in tension and compress ion 
are obvious. 
For co lumns , the advantages are s igni f icant . 
Up to about 10 f loors, al l co lumns can be in 
Grade 50. However, if a concrete core is 
used , the di f ferent ial ax ia l shortening 
between core and co lumns can be of the 
order of 25mm for 10 f loors. Above 10 to 15 
f loors it becomes necessa ry to limit these 
def lect ions by limiting the s t ress in the 
co lumns , either by using Grade 43 steel or 
compos i te co lumns. Precaut ions of building 
out' the dead load di f ferent ia ls can a lso be 
used. 

Grade 50 steel a l so h a s cost benefit for 
beams, but aga in def lect ions often govern, 

20 making mild steel more desirable. Th i s is 

Fig. 7 11 Well ington Road, Parktown. 
Arch i tec ts : Design Col laborat ive 

part icular ly so because of the desirabi l i ty of 
limiting overal l floor depth and using locally 
avai lable sec t ions of limited depth even for 
the longer s p a n s to avoid the cos t of built-up 
sec t ions . In these c a s e s Grade 50 steel used 
at reduced s t r e s s e s can sti l l show a cost 
advantage. 
It should be noted that the use of Grade 50 
steel can inc rease the required lead t imes 
because of problems of availabil i ty. 
Fire protection 
In South A f r i ca two to four-hour rating will 
general ly be required for co lumns and 
primary beams and a two-hour rating for 
secondary beams and the floor. 
Th is can be achieved local ly by the fol lowing 
methods: 
(a) Concre te encasement - min imum of 50 
mm all round. Th i s is only pract ical ly 
feasib le for co lumns, and even then it is a 
tedious operat ion. For a high-rise building it 
can provide the advantage of reducing cost 
through compos i te act ion. 
(b) Spray ing or plaster ing with vermicul i te 
or pearl ite composi t ions. T h i c k n e s s e s re
quired vary from 25mm for a two hour rating 
to 40mm for four hours. 
(c) Spray ing with mineral fibre/ cemen-
t i t ious compos i t ions 
(d) F ix ing precast fire proof panels to the 
member. It is diff icult to provide a f ixing 
method with the required fire rating. 
Prefabr icated s y s t e m s of fire protection are 
in common use ove rseas but only one 
sys tem h a s been sat is factor i ly tested locally. 

The most commonly used methods to date 
have been the sprayed or plastered 
vermicul i te or pearl ite compos i t ions . Never

the less , these are t ime-consuming wet 
t rades, and fire protection remains one of 
the important t ime and cost d rawbacks to 
the ef fect ive use of structural steelwork for 
bui ldings, due to the l imited exper ience in 
the local industry and relatively smal l 
market. 
Cost comparisons 
Table 1 s e t s out the elemental est imat ing 
components for three typical steel o f f ice 
s t ructures. C h a n g e s in detail could occur -
for example cement mortar sc reeds may be 
preferred in certa in c a s e s to a power f loated 
f in ish. However, power f loating h a s the 
advantage of speed and min imum weight. 
Fur thermore foundation requirements would 
have to be analyzed to suit the part icular 
design and si te condi t ions and must be built 
into the cost est imate. 

It must a l so be noted that the fireproofing of 
s t ruc tures by spray ing demands that the 
perimeter of the building be c lad with 
temporary tarpaul ins to avoid material being 
sprayed over the neighbourhood. The rate 
per m 2 for the spray appl icat ion should 
include for th is requirement. A s a rough 
guide, the profile a rea of f ireproofing to 
co lumns and beams is approximately equal 
to the g ross floor a rea of the steel building. 
Economics of steel buildings 
The fol lowing general conc lus ions can be 
drawn about the economics of steel- f ramed 
compared with concrete bui ldings in the 
local market. 
(a) For low and medium rise bui ldings, a 
s tee l s t ructure c o s t s about 5 0 % more than a 
convent ional concrete structure. 
(b) Depending on the s i te condi t ions, this 
penalty c a n be s igni f icant ly reduced by the 
sav ing in foundation c o s t s due to the lighter 
steel structure. 
(c) The overal l penalty on total capi ta l cost 
for the steel st ructure is between 5 % and 
1 0 % . When a l lowance is made for the 
e f fec ts of the more rapid construct ion 
programme on the t ime-dependent c o s t s 
s u c h a s esca la t ion and f inance cha rges 
during the const ruct ion, this penalty is 
virtually e l iminated. 

(d) It h a s been demonstrated that steel 
bui ld ings can be completed more quickly 
than convent ional concrete bui ldings in 
South A f r i ca , and sav ings of between three 
and s ix months have been found for low to 
medium rise projects. However, the s u c c e s s 
of the project is entirely dependent on good 
management and on all the part ies involved 
meeting their commi tments . The f inancia l 
r isk if the project is delayed is greater for a 
steel structure. 
(e) If a steel building is chosen it is 
essen t ia l that the total arch i tectura l , 
s t ructura l and serv ices design should take 
advantage of the part icular propert ies of 
steel a s a const ruct ion medium. A steel 
building requires more discip l ined decis ion
making by the des ign team in the early 
s tages if the programme advantages are to 
be real ized. 

(f) The dec is ion a s to whether to use steei 
or concrete is a marginal one, which wil l be 
af fected by the part icular c i r cums tances 
prevail ing at the time. Most important is the 
a s s e s s e d market advantage of having the 
building completed earl ier and the f inanc ia l 
benefit of earl ier revenue and possib ly 
meeting a part icular projected market de
mand. 
(g) The ef fect of using steel for these 
bui ldings has been to encourage cont ractors 
to find means of building faster in concrete. 
A current major project, involving 20 f loors of 
about 2000 m 2 is being const ructed using 
flat s l a b s and table forms at an average rate 
of four to s ix days per floor. Th is has al l the 
t ime advantages of steel with s igni f icant ly 
l ess cost penalty. 

each set of loadings, e lements can be 
checked for the complete design condit ion 
for compl iance with DnV rules by summing 
member fo rces in acco rdance with the 
relat ionship for e lement force: 

F = 2 F l 7 p i 

where F, is the element force for load c a s e i, 
and pi is the appropriate partial s t r e s s 
factor. Using th is approach the overal l safety 
factor for the design can be expressed in the 
form: _ , ,, 

Sa fe ty factor = 7 m . 7 , yp .£ 

where T m is the partial factor on mater ia l 
strength, K is the s lenderness ratio and i// is 
the load redistr ibution factor. 
In addit ion, the use of fracture mechan i cs in 
the design of thick plate members enab les 
the designer to ensure that the e lements 
prone to fat igue damage are not l imited by 
fracture toughness res is tance. Th i s ensu res 
compl iance with the bas ic limit s ta te 
phi losophy of preventing potential ca ta
strophic modes from dominating the design. 
In the c a s e of the present project it a lso 
enabled fat igue a s s e s s m e n t s made with ref
erence to S S 5400 Part 10 S N curves to be 
co r re la ted 3 4 . 

Configuration of the TLP deck 
The use of box girder technology can be 
seen most c lear ly in the form and behaviour 
of an integrated deck structure. The design 

Table 2. Typical partial s t r ess f a c t o r s ( T p ) . 

Fig. 4 
Pontoon sec t i on being l i f ted 
into posi t ion during a s s e m b l y at 
Hutton T L P lower hull at Nigg 

Load categor ies Operat ing 
(1/12th year) 

Ex t reme 
(100 year) 

Fat igue 

Permanent (P) 1.3 1.0 N/A 

Funct iona l (F) 1.3 1.0 N/A 

S ta t i c Buoyancy ( B s ) 1.3 1.0 N/A 

Dynamic Buoyancy ( B D ) 
(wave generated) 

1.3 1.3 1.0 

Inert ia 1.3 1.3 1.0 

Tethers - due to permanent ( T p ) 1.3 1.0 N/A 

Tethers - due to funct ional/ l ive ( T L ) 1.3 1.0 N/A 

Tethers - due to environmental ( T E ) 1.3 1.3 1.0 

Envi ronmenta l (E) 1.3 1.3 1.0 

Deformat ion (D) Temperature, lack of fit, e tc . 1.0 1.0 N/A 

Acc identa l (A) 1.0 N/A N/A 

of the hull is c loser to shipbui ld ing, in 
part icular to submar ine hull const ruct ion 
pract ice. The T L P deck s p a n s between two 
l ines of three co lumns , each using three 
main and two intermediate plate girders. 
The deck conf igurat ion is completed with 
edge girders running along the column l ines, 
a centra l girder to reduce dif ferent ial 
def lect ions, and three shorter girders to 
provide full perimeter support for the wel l 

bay area, with i ts r iser tens ioners and drill 
derrick support ra i ls . 
The deck is an al l-welded st ructure formed 
by these main plate girders, or bulkhead 
girders, and the deck plating panels . The 
bulkhead ' f langes ' are formed by compact ' I ' 
sect ion chords at the web plate extremit ies. 
Both deck plating and bulkhead girder webs 
use s t i f fened plate construct ion. The 
integrated deck st ructure is shown in F ig . 6. 

Crane pedestals 

Derrick skid 
i.iils 

W f . t l h r r i l r f k 

i Lower chord 

Deck 
bulkheads 

Mating |oint 
Mezzanine deck 

Main deck' 

Fig. 6 
The deck s t ruc ture of the T L P 

r 
Fig. 5 
Hutton T L P co lumn under a s s e m b l y at Nigg. 
Outer shel l about to be l i f ted over inner she l l to form 
s p l a s h zone double sk in ' damage contro l ' sec t ion 

Fig. 7 
Foundat ion template uni ts on barge 
at Invergordon awai t ing f inal sh ipment 
to Hutton T L P s i te , for ins ta l la t ion 



The use of 
plated steelwork 
in a tension leg 
platform design 
Nick Prescott 

Introduction to the TLP 
A f ixed of fshore oil or gas production 
platform structure is designed to provide a 
s a f e working platform in an exposed marine 
environment. On this working platform the 
var ious p rocesses assoc ia ted with oil or g a s 
production must be carr ied out in al l 
wea thers and without interruption. T h e s e 
would include the primary separat ion of 
f lu ids ex t rac ted, the control of their export 
and the se rv ices assoc ia ted with cont inuous 
product ion. They may a lso include the equip
ment for the drilling and testing of the we l l s , 
and for the injection of water or gas into the 
f ield. 

With major isolated insta l lat ions, consider
at ions of cont inuous operation would 
require the platform to be manned round the 
c lock, and hence accommodat ion uni ts with 

the assoc ia ted back-up se rv i ces would have 
to be p laced on the platform. 
With a tension leg platform, s u c h a s the 
example T L P , the operat ional const ra in ts are 
the s a m e a s those for a convent ional f ixed 
platform, s i nce it must receive the s a m e 
operat ional approval . The T L P concept uses 
a f loating vesse l , a semi-submers ib le type 
structure, which is connected to the sea-bed 
in such a manner that the vert ical tension 
legs are kept taut by the v e s s e l ' s e x c e s s 
buoyancy. The vesse l conf igurat ion chosen 
for the example T L P is a s imple unbraced 
framework in which the members are formed 
from st i f fened steel plate components using 
s t ressed sk in design a s in a box girder 
bridge. Th i s concept resul ts in c lose 
structural interact ion between the square 
vesse l base (the pontoons), the deck (which 
conta ins al l the plant and faci l i t ies) and the 
s ix interact ing co lumns (F ig . 1). 

The tension leg des igns were originally put 
forward a s deep water s t ruc tures for s e a 
depths between 1,000 and 2,000ft. However, 
the field, at 482ft. in the E a s t Shet land Bas in 
a rea of the North S e a , is being developed 
using such a platform s ince the T L P has 
been recognized a s being cost-ef fect ive for 
intermediate water depths. Had the p rocess 
requirements been radical ly more complex, 
the platform oayload could have become too 

great for a T L P type solut ion. In addit ion, the 
overconsol idated so i l s of the North S e a 
make the tension foundat ions economica l ly 
viable for intermediate water depths. The 
detai ls of the appl icat ion of the T L P to the 
North S e a development can be found 
e lsewhere 1 . 
Design approach for TLP 
Tension leg platform design can make good 
use of the limit s ta te approach. In the c a s e of 
the example T L P this w a s based on the D n V 2 

(Det Norske Veri tas) ru les. S ta t i c loadings on 
a T L P vesse l cons is t of permanent loadings 
(structure and equipment), funct ional 
loadings (consumab les and live loads), 
buoyancy and tens ion leg loadings. To 
ensure that equi l ibr ium is mainta ined, all the 
partial load fac tors ( 7 f) on these loads have 
to be considered a s unity and member fo rces 
factored by an appropriate s t ress factor. Th i s 
s t ress factor ( 7 p ) should be chosen to 
ensure compl iance with the 'Ul t imate limit 
s ta te ' a s def ined in DnV Sec t ion 4. 
Envi ronmental wave and wind loadings can 
be treated in a s imi lar manner with a partial 
s t r ess factor ( 7 p) chosen to be compat ib le 
with the DnV recommendat ions. Tab le 2 
summar i zes the part ial s t ress fac tors used 
in the design of the operat ing, ext reme, and 
fat igue limit s ta tes for the Hutton T L P . 
Having carrr ied out a n a l y s e s appropriate to 
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Fig. 1 

S c h e m a t i c v iew of Hutton T L P and, b e l o w - t h e geometry 

Table 1: Geomet ry (All d imens ions to moulded l ines) 
Leng th : Be tween co lumn cen t res 

Overal l 
78.00m 
95.70m 

Bread th : Be tween co lumn cen t res 
Overal l 

74.00m 
91.70m 

Height: Kee l to main deck 
Main deck to weather deck 

57.70m 
11.25m 

Draught : Operat ing 32.00m at L A T 

Freeboard : To unders ide of main deck 24.50m at L A T 

Water p lane: A rea 1324.00m 2 

C o l u m n s : 4 Corners 
2 Cent re 

17.70m d ia . 
14.50m d ia . 

Pon toons : Height 
Width 
Corner rad ius 

10.80m 
8.00m 
1.50m 

D isp lacement : Approx. 61500 tonnes 

Tota l weight : Including r iser tens ion 
(Approx) 

48500 tonnes 

Fig. 2 
Hutton T L P 1.33 model under 
m a x i m u m height, max imum s t e e p n e s s , regular 
w a v e s in NMI main test tank, London 

Fig. 3 
Hutton T L P tower hull under cons t ruc t ion 
in the dry dock at Nigg. 
Pontoon is about to be lifted in. 

Local reports 
summary 
Jim Hannon 

The fol lowing digest is from the papers by: 
(1) David Bedford - Hong Kong 

(2) Derek B lackwood - Sco t land 

(3) Ian M a c k e n z i e - A u s t r a l i a 

(4) Cl i f f M c M i l l a n - S o u t h A f r i ca 

(5) F inbar McSweeney - Ireland 

for the Arup Pa r tne rsh ips S t ruc tu ra l Stee l 
work Sem ina r in 1982. 

(1) H O N G K O N G 
Arup involvement with steelwork in Hong 
Kong tends to be limited to spec i f i c 
e lements of construct ion and the design of 
temporary works . 
The local fabr icat ion fac i l i t ies are min imal , 
apart from a few local sh ipyards wh ich have 
begun to diversi fy the field of s t ructural 
steelwork construct ion. Th i s means that, 
generally, s t ructural steelwork is fabr icated 
overseas , thus requiring a long lead-in t ime, 
and once the shipping of the fabr icated 
sec t ions h a s commenced there is little 
flexibil i ty to incorporate a l terat ions or 
modi f icat ions. 
The requirement of the Bui lding Regula t ions 
regarding concrete encasemen t for cor
rosion protect ion, etc., and a re luc tance to 
accept l ightweight fire protect ion, until 
recently, have led to all the steel- f ramed 
buildings erected to date in Hong Kong 
having their st ructure totally e n c a s e d in 

Fig. 1 A lmondel l Footbr idge 

Fig. 2 The Roya l Commonweal th Pool. 
Arch i tec ts : Robert Matthew, Johnson-
Marshal l & Par tners 

concrete, and, al though faster to erect than 
reinforced concrete, the steel- framed struc
tures are general ly 25 to 3 5 % more expen
s ive than reinforced concrete. 
(2) SCOTLAND 
T h e four Arup o f f i ces of the Scot t i sh 
pract ice: Aberdeen, Dundee, Edinburgh and 
G lasgow have designed a wide variety of 
steel s t ructures over the years . 
Typical of the range are three of our projects 
wh ich have received Structura l Steel Design 
Awards ; The Roya l Commonwea l th Pool, 
Edinburgh, Almondel l Footbridge and K ings 
Bui ld ings Boi lerhouse. 
The superst ructure of the Roya l Common
weal th Swimming Pool is of 280 tonnes of 
s t ructural steelwork construct ion with a roof 
of 78m x 68m in two way spanning steelwork. 
In addit ion to the perimeter co lumns, the 
planning of the interior permitted support 
from a s ingle off-centre internal co lumn. 

Almondel l Footbr idge is a cable-s tayed 
girder bridge of 30m span . The s imple 19m 
high 'A' f rame and vierendeel deck produce a 
dramat ic but p leas ing structure wh ich sui ts 
the heavi ly wooded surroundings. 
At K ings Bui ld ings the problem of con
struct ing a new boi lerhouse and chimney 
round the ex is t ing plant while maintaining a 
cont inuous supply of heat w a s neatly solved 
using steelwork. The c luster of eight new 
steel f lues is structural ly independent of the 
ex is t ing brick ch imney round wh ich they 
were built. 

In recent yea rs our exper ience in the use of 
steelwork s e e m s to have fal len roughly into 
three broad categor ies : 

(a) Civil engineering 

(b) Low rise buildings 

(c) Roof structures. 



Some examp les of each type are given 
below: 

(a) Civil engineering 
Most of our work in this field has been in 
reinforced and pres t ressed concrete but we 
have been involved in several interesting 
projects with st ructural s teel e lements. 
In conjunct ion with a consor t ium, Cale
donian Pla t forms St ruc tures , we developed a 
design for an of fshore oil production 
platform, Forth 150. Th is included a steel 
deck st ructure compr is ing 4,000 tonnes of 
grade 50D tubular s tee l . 
The firm are joint engineers with Messrs . 
Crouch and Hogg for the K e s s o c k Bridge, an 
important cab le-s tayed road bridge with a 
main span of 240m over the Beauly Fir th. We 
a s s i s t e d by check ing and approving the 
des ign of the box steel pylons and deck 
c r o s s b e a m s in acco rdance with the Merrison 
Ru les . 
Further north, on the stormy shorel ine of 
S c a p a F low in the Orkney Is lands, we have 
currently under construct ion three roll-on 
roll-off South Is land Ferry Terminals in
corporat ing hydraul ical ly operated hinged 
steel ramps. 

(b) Low rise buildings 
Within this, the largest category, are indus
tr ial, schoo l and recreat ion bui ldings, mainly 
s ingle storey, where steel c o m e s into its 
own, with i ts l ightweight and speedy 
erect ion unhampered by the need for fire 
protection. 
In spite of st rong competi t ion from the 
package dea lers there remains a demand for 
the one-off building for which an off-the-shelf 
solut ion does not readily cater. 
Typical of many school and col lege bui ldings 
we have des igned is the games hall at 
Anderson High Schoo l , Lerwick. It is 
interest ing to note that at this si te in the 
Shet land Is lands , the most northerly part of 
the UK, the design wind p ressures are very 
high (twice those for the south of England) 
result ing in s igni f icant ly heavier steelwork 
than would be required in southern parts of 
the main land. 

(c) Roof structures 
Whi le the bas i c s t ructure of many of our 
bui ld ings is of reinforced concrete or 
loadbearing masonry, steelwork sti l l p lays an 
important role in roof s t ruc tures where 
l ightweight is often an advantage and added 
fire protection is not required. 
In the c a s e of theatres, steelwork provides 
an ideal solut ion where se rv ices and a c c e s s 
can be provided within the st ructural depth 
of the roof t r usses . 

Two theat res wh ich we have recently 
completed are the Dundee Repertory Theatre 
and the Pit lochry Fes t i va l Theatre. 
The Dundee Theat re is a tr iumph of ingenuity 
in fitting a 450-seat auditor ium with all the 
assoc ia ted fac i l i t ies into an extremely tight 
city s i te. Stee lwork is used in the auditor ium 
roof, and the f lytower structure wh ich r i ses 
to 18m. 
At Pit lochry, a hol iday town in the Highlands 
of Sco t l and , a sl ightly larger theatre 
(540-seat) h a s been built in rural sur
roundings, again using steelwork for the roof 
s t ructures. 

(3) AUSTRALIA 

The use of s t ructura l s teel within Aust ra l ia is 
act ively promoted by the Aust ra l ian Insti tute 
of Stee l Const ruc t ion . Th is organizat ion 
ar ranges sem ina rs , cou rses and lectures, 
pub l ishes journa ls , magaz ines and sa fe load 
tab les and it sponsors research a s well a s 
mainta in ing library information. 
The greatest tonnage of s t ructural steel is 
used in heavy industr ia l works such a s the 

22 pet rochemical industry, energy and extrac-

Fig. 3-4 
Hangar 8, J a n S m u t s Airport, South Af r ica . Arch i tec ts : South Af r ican R a i l w a y s 

tive industr ies and power generat ion. The 
use of s t ructural steel in building 
const ruct ion is very widespread but usual ly 
on a smal l s c a l e . 
Typical ly the design of structural s tee l within 
the Aust ra l ian o f f i ces of Ove Arup & Par tners 
fa l ls into the fol lowing categor ies: 

(a) Industrial buildings 
Industr ial bui ldings for warehouse and 
factory faci l i t ies are typical ly portal f rame 
bui ldings fabr icated from universal beam 
sec t ions . C lear eaves heights of 5 - 6m and 
s p a n s of up to 30m are common. Wind 
loading is res is ted by portal f rame act ion 
and braced pane ls . 
Pref in ished metal deck roofing h a s largely 
replaced the cheaper as bes tos roof 
sheet ing. Th i s is supported on cold rolled 
Zed purl ins. Wa l l s may be metal c ladding on 
C sec t ions or of masonry const ruct ion. 

(b) Roofs to low rise offices and commercial 
buildings 
Numerical ly these are probably the most 
common use of structural steel in each of 
the Aust ra l ian o f f ices. An average job would 
conta in less than 15 tonnes of s tee l . 
F i re regulat ions general ly permit bui ldings of 
up to three s toreys to be of metal roof 
const ruct ion. F la t roofing is adopted on cold 
formed purlin sec t ions supported on 
universal beams. Mineral wool provides 
thermal insulat ion. 

(c) Shopping centres 
Roofs to shopping cent res are s imi lar to 
those descr ibed above but much larger in 
a rea . T russes may be subst i tu ted for 
universal beams for the larger s p a n s . Usual ly 
they are concea led above l ightweight 
ce i l ings, un less they appear a s a feature in, 

for example, a shopping mall . Brac ing to 
s ide wa l l s or infrequent internal masonry 
wa l l s is required for stabil ity. 
(d) High rise office buildings 
The economic use of s t ructura l steel in the 
floor s y s t e m s of high r ise of f ice buildings is 
heavily inf luenced by the speed of con
struct ion. It can somet imes be demonstrated 
that the use of s t ructural s teel framing and 
composi te metal deck ing can lead to a 
s igni f icant ly faster typical floor construct ion 
cyc le in high r ise of f ice bui ldings. The 
consequent sav ing in holding charges can 
more than of fset the higher construct ion 
cost of a steel structure. 
(e) Mining applications 
Structura l s teel is commonly used for 
f raming s t ructures in the mining industry. It 
f inds appl icat ions to heavy duty s t ructures, 
platforms, conveyor supports and de-
watering bunkers. A number of commiss ions 
have been carr ied out for an iron ore 
process ing plant. 
(f) One off structures 
The Melbourne of f ice have designed 4 steel 
floodlight towers for an ath le t ics s tad ium. 
They ranged up to 58m in height with the 
a c c e s s ladders and plat forms contained 
within the tapered tubular sect ion. They were 
designed for dynamic e f fec ts and fat igue 
condi t ions. 

(4) SOUTH AFRICA 
Hangar 8 - Jan Smuts Airport 
The or igins of this project date back to 1973 
when South A f r i ca A i rways decided that a 
new main tenance hangar able to cater for 
the new generat ion of wide-bodied jets 
would be required by the early '80s. At that 
t ime, construct ion of a 150 x 100m hangar 

Fig. 4 
Brent C flare tower: t ransportat ion of prefabricated sec t ions . Arups carr ied 
out dynamic fat igue and ana l ys i s c h e c k s a s well a s being responsib le for 
obtaining cert i f icat ion. We were a lso responsib le for the appra isa l of 
l ifting and temporary works. (Photo: cour tesy of S e a and Land Pipe l ines) 

Fig. 5 
Brent C flare tower: 
erect ion of tower sec t ions 
(Photo: cour tesy of 
S e a and Land Pipel ines) 

Figs. 6-7 
Fort McMurray f lare s tack , C a n a d a : erect ion of guyed r iser with r iser fabr ica ted in sec t i ons and erected in two par ts . 
Des igned by Ove Arup & Par tners . (Photo: cour tesy of Bech te l Internat ional) 
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d isadvantages of each of these sec t ions 
may not be immediately apparent and they 
are summar ized a s fol lows: 

Tubular members 
Lend themselves more readily to a variety of 
plan shapes . 
The range of s i zes is greater but they may 
not be readily avai lable. 
They require spec ia l ski l l in fabr icat ion, 
part icularly for profiled connect ions. 
They are more expens ive than angles, weight 
for weight. 
They are structural ly more eff ic ient and 
attract less wind load than angles. 

Equal angles 
Best util ized for square towers. 
Max imum size normally avai lable is 200mm x 
200mm. 
E a s y to fabr icate and readily avai lable. 
Cheaper than tubes weight for weight. 
They attract more wind load than tubes. 

Cruciform angles 
They have the s a m e advantages and dis
advantages a s equal angles. 
They require compl icated battening and 
spl ic ing detai ls . 
Fabrication 
Knowledge of the fabr icat ion process is 
essent ia l to the detai l ing of steelwork. It is 
a lso important when consider ing sui table 
sub-contractors for carry ing out the work a s 
the range of sk i l l s and fac i l i t ies avai lable 
from steelwork fabr icators both in the UK 
and overseas is wide and var ied. 
Fabr icat ion drawings are normally prepared 
by the fabr icator based on engineering 
design drawings. It is recommended that the 
fabr icat ion drawings are checked to 
minimize misinterpretat ion of the design 
requirements and inspect ions of the 
steelwork fabricat ion are carr ied out to 
check for quality, workmansh ip and per
formance. 
It is common pract ice for trial erect ions of 

the tower or parts of the tower to be carr ied 
out in the fabr icator 's yard prior to shipment. 
Th is avoids the si tuat ion where errors found 
during erect ion are diff icult and expens ive to 
rectify. A lso , base sett ing templates are used 
to ensure that the holding down bolts cas t 
into the concrete foundat ions match the 
steelwork interface. 

Conclusions 
The exper ience we have built up over a 
period of yea rs enab les us to respond 
quickly to the demands of our c l ients and 
adv ise them on al l a s p e c t s of the design and 
construct ion of tower st ructures. Our 
analy t ica l tools are sharp and we keep 
abreast of design development in the related 
f ields. 

A large part of our work is overseas and from 
time to time we have relied heavily on our 
overseas o f f i ces for local support. We have 
enjoyed their understanding and c lose co
operation and we hope that this working 
relat ionship will cont inue. 11 



Wind forces on an tennas can be obtained 
either from manufac turers ' l iterature based 
on wind tunnel tes ts or derived from the 
method given in 'Ca lcu la t ion of wind forces 
and p ressures on antennas' , by Cohen , 
Vellozi and S u h . 
Snow and ice 
S n o w and ice will contr ibute to the gravity 
load on the structure but the accret ion of ice 
on individual members or an tennas wil l 
i nc rease the su r face area and hence 
increase the drag forces due to wind. Icing is 
exp ressed in terms of radial th i ckness and 
some guidance is given by the Department 
of Energy in 'Gu idance of the design and 
const ruct ion of of fshore instal lat ions'. 
For the icing condit ion a reduced wind speed 
is cons idered and this is in the order of 9 0 % 
of the design wind speed depending on the 
locality. 
Temperature 

Loading from c l imat ic temperature vari
at ions is not normally s igni f icant for these 
types of tower s t ructures. 
Temperature e f fec ts due to hot or cold g a s e s 
in the r isers and due to radiation from flaring 
may induce local s t r e s s e s and possib ly 
inf luence the cho ice of mater ia ls . 
Waves 
Offshore s t ruc tures s u c h a s towers mounted 
on plat forms may be required to wi thstand 
wave loading. The e f fec ts are usual ly 
a s s e s s e d by applying an appropriate 
acce lera t ion input to the base of the tower. 
Earthquakes 
Ear thquake loading is rarely s igni f icant in 
the design of towers. In se ismica l ly act ive 
a reas the e f fec ts are considered by applying 
a base acce lera t ion obtained either from an 
appropriate ground response spect rum or 
from a response t ime history. 
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Method of analysis 
Lat t ice tower s t ruc tures are considered a s 
three d imensional s p a c e f rames. Ful ly tri
angulated s t ruc tures with bolted 
connect ions are assumed to be pinned 
f rameworks. There are smal l errors involved 
in this assumpt ion such a s the legs being 
cont inuous at the nodes but these e f fec ts 
are rarely structural ly s igni f icant . Separa te 
checks may be carr ied out for bending 
moments ar is ing from locally appl ied forces 
or eccent r ic i t ies at connect ions. For fully 
welded s t ruc tures or stat ical ly indeterminate 
s t ructures, f raming moments must be 
evaluated. 

There are two in-house computer programs 
avai lable for carry ing out a s ta t ic ana l ys i s of 
these s t ruc tures , T O W E R and P A F E C . 

T O W E R w a s developed spec i f ica l ly for pin-
jointed s ta t ica l ly determinate microwave 
towers and inc ludes ana l ys i s , design and 
plotting fac i l i t ies. The main members and 
the secondary members may be speci f ied by 
s ize in which c a s e a stra ight forward ana l ys i s 
is carr ied out. Otherwise the program 
performs an iterative ana l ys i s of each panel, 
se lect ing from library f i les those member 
s i zes not spec i f ied, until a sa t is fac tory 
design is ach ieved. 

Def lect ions and rotat ions are ca lcu la ted at 
the top of the tower, at the top of each panel 
and at the level of each applied load. The 
foundation forces are ca lcu la ted at each leg 
of the tower and steel weights are total led by 
member type and steel grade. 

In most c a s e s self-support ing latt ice towers 
are not dynamica l ly sensi t ive. A s a general 
guide, s t ruc tures having a fundamental 
period of osci l la t ion less than three seconds 
can be designed safe ly on a quasi -s tat ic 
bas is . There are except ions to this where 

Fig. 2 
Jebe l AM microwave tower, 
designed by Ove Arup & Par tners 
(Photo: Mike Shears ) 

Fig. 3 
Microwave tower 
under const ruct ion in Nigeria, 
designed by Ove Arup & Par tners 
(Photo: Mike Shears ) 

! 

v 

i 

/ 

T 

A 

dynamic e f fec ts should be considered and 
they include: 
fully welded s t ruc tures where fatigue may be 
s igni f icant 
s t ructures support ing TV antennas, rad
iators, part icularly at the top 
tubular members with a s lenderness ratio 
exceeding 180 where local c ross wind 
e f fec ts may be s igni f icant . 
There are a number of computer programs 
avai lable for carry ing out a dynamic 
ana l ys i s . In-house programs include 
DYMAST, G L A D Y S , D A F T and P A F E C but 
only D Y M A S T is su i table for a random 
s tochas t i c ana lys i s . 
Detailed design considerations 
Design standards 

Design s tandards may be speci f ied in the 
head contract spec i f ica t ion accord ing to the 
country of origin with reference to more 
spec i f ic international ly recognized design 
codes . In recent yea rs a number of design 
guides and codes of pract ice appropriate to 
tower s t ruc tures have been publ ished. The 
main ones are: 
(1) BS6235:1982 
Code of pract ice for 
f ixed of fshore s t ructures. 
(2) Department of Energy 1982 
Of fshore insta l lat ions: 
gu idance on design and construct ion. 
{3)APIRP2A: 1982 
(Amer ican Petroleum Institute) 
Recommended pract ice for planning, 
designing and const ruct ion f ixed of fshore 
plat forms. 
(4) DnV (Det norske Veri tas) 
Ru les for the design, construct ion and 
inspect ion of of fshore s t ructures. 
(5) Draft Code of Prac t i ce 1978: 
La t t i ce towers - loading. 
T h e s e documents tend to complement each 
other in part icular a r e a s but they a lso refer 
to nat ional design s tandards and some 
interpretation is often required. 

Strength and stability 
Where no other design s tandards are given, 
the strength and stabi l i ty of towers are most 
commonly a s s e s s e d on the bas i s of the 
des ign approach given in BS 449. The 
permiss ib le s t r e s s e s incorporate fac tors of 
sa fe ty against fai lure in the range of 1.5 to 
1.7. A s wind is a predominant loading feature 
on these s t ruc tures we tend not to use the 
2 5 % overs t ress permitted by BS449. 
Foundat ions are designed to have a factor of 
sa fe ty in e x c e s s of the tower structure. The 
factor of safety appropriate to uplift, down-
thrust, sl iding and overturning is a min imum 
value of 2.0. It is a l so adv isab le to check that 
an adequate factor of sa fe ty ex i s t s for an 
ext reme or survival wind condit ion. 

Deflection 
Th i s may be considered as a serviceabi l i ty 
limit s ta te for the design of microwave 
towers. The acceptab le l imits of def lect ion 
vary from aerial to aer ia l wh ich in turn are 
related to the f requency band of the 
microwave sys tem. Ta l l , s lender s t ruc tures 
will tend to deflect more than fatter ones for 
the s a m e applied loading. However, the 
member s izes for s lender towers may be 
larger than the equivalent members for wider 
towers to carry the applied loading. On the 
other hand wide towers tend to require more 
bracing and will therefore attract more wind 
loading. The object ive therefore is to juggle 
the geometry so that the strength and 
def lect ion requirements are ach ieved for the 
min imum weight of s tee l . 

Selection of member types 
There are three main types of steel sec t ions 
used in tower des ign; tubes, equal ang les 
and cruci form ang les . The advan tages and 

capab le of accommodat ing two Boeing 747s 
had just been completed. S A A , in 
conjunct ion with a mult i-discipl inary tech
nical team from the South Af r ican Transport 
Serv ices , embarked on feasibi l i ty and 
conceptual design s tud ies. 
It w a s decided that a hangar complex 
compr is ing two major hangars with a central 
annexe located between them would best 
faci l i tate aircraf t movement and at the s a m e 
time minimize fire risk. It w a s decided that 
each hangar should, if feasib le, be a c lear 
spanning structure of 150 x 100m so a s to 
maximize s p a c e uti l ization. 
Our favoured solut ion compr ised a main 
portal spanning 150m over the doors, with 
three main t r usses spanning 100m from the 
back wal l to the portal. We proposed long-
span crane bridges in the 37.5m bays 
between t r usses to handle the serv ic ing 
requirements. 
The main hangar structure 
E a c h hangar sect ion cons i s t s of steel-
f ramed structure supported on three s ides 
by braced wa l l s and on the fourth s ide by a 
pinned base portal f rame of 151.2m span . 
The roof is divided into four equal sec t i ons of 
38.8 x 100m, each of wh ich has a suspended 
sys tem of runway beams for the support of 
c ranes and general purpose main tenance 
plat forms. Three main t r usses span 100m 
from the west wal l to the main portal at 
37.8m cent res. 
T h e roof structure suppor ts the moving 
loads from the c ranes and serv ice plat forms 
a s wel l a s the necessa ry l ighting, fire 
protection se rv ices and the comfort heating 
sys tem. 
The 150m span portal, with a m a s s of 262 
tonnes, w a s assemb led in sec t ions on the 
ground, welded and then jacked up 25m into 
posit ion at the top of the legs. The main 
t r usses were lifted in sec t ions on to trestle 
suppor ts and welded in s i tu. The entire 
structure remained supported on the t rest les 
until it w a s completed and then a sys tem of 
jack ing it down to re lease the suppor ts w a s 
implemented. 
The structure is stabi l ized through bracing in 
al l three wa l ls wh ich interact with the portal 
s t i f fness to provide stability. In-plane bracing 
is provided in the roof. 
Roof drainage is provided along va l leys , 
midway between the main t r usses , the 
r idges being over the main t r u s s e s and at the 
ends. 
A feature of the structure is the nea tness of 
detai l ing of the main members and their 
connect ions. The max imum force in the 
chord of the main portal is of the order of 
25,000 kN. The major members are H or 
channe l sec t ions built up from up to 38mm 
plate. The result is a c lean appearance on 
both external f a c e s of the steel members, 
with a minimum interruption by g u s s e t s . 

Hangar doors 
E a c h hangar h a s four door sec t ions moun
ted on a twin track sys tem to c lose them. 
The track sys tem is cont inuous from one end 
of the complex to the other so that in the 
event of one complete hangar frontage 
needing to be opened, all four door sec t ions 
are moved to the frontage of the other 
hangar sect ion. E a c h door sect ion 
compr ises two leaves with a f ixed link 
between them. E a c h leaf h a s its own drive 
mechan ism. 

(5) IRELAND 
Ove Arup & Par tners in Ireland, founded in 
1946 in Dublin now operates a lso in Cork, 
Waterford and L imer ick. Total s ta f f numbers 
are about 140. Most of the work is located in 
Ireland with a smal l amount in the UK, 
Middle E a s t and the Third World. Whi le the 
bulk of the projects are bui ldings in some 
form, an increase in civi l works content has 
recently developed in the pract ice. 

Usual ly steelwork is let a s a nominated sub
contract . We find that th is h a s the advantage 
of se lected tendering a s well a s a later need 
for tender information. However, there can 
be di f f icul t ies in prec ise definit ion of work 
content when var iat ions ar ise. On the other 
hand measurement in the Bil l of Quant i t ies, 
in spite of the apparent precis ion of the 
information, h a s not a l w a y s worked well and 
select ion of tenderers is l ess control lable. 

There h a s been a chronic problem in over 
capac i ty in the steelwork fabr icat ion in
dustry in Ireland. There are several major 
f i rms who have the resources and expert ise 
to tack le any job which h a s yet been built in 
the country. There is a l so a wide select ion of 
smal l and medium sized fabr icators so that 
for smal ler jobs there is an embar rassment 
of cho ice. 

Techn ica l s tandards can be variable but 
excel lent resul ts are poss ib le provided the 
job documentat ion and si te control are good, 
and the tenders are based on select ion. 
L ikewise , management can be uneven and 
tends to be sk imped when resources are 
s t retched, either technica l ly or f inancial ly. 

The potential is certainly there to achieve 
very high s tandards if suf f ic ient input is 
provided and the work wel l superv ised. 

Design is normally to BS 449 and the B C S A 
Handbooks are universal ly avai lable. The 
normal source of mater ia ls is the UK. There 
is a degree of cont inental inf luence and 
during t imes of B S C s t r ikes th is forms the 

Building types 
Advance factories 
Most advance factor ies are sponsored by the 
Industr ial Development Authority who share 
the work among many des ign teams . At th is 
level concrete competes strongly with steel 
and is probably a bit cheaper currently. 
S y s t e m s of two-way t r u s s e s (bolted in one 
direction) have been used but more recently 
one-way members in al ternat ing direct ions 
in adjacent bays have been found to be quite 
s u c c e s s f u l , a lmost equal ly ef fect ive, and 
cheaper. 
Purpose designed factories 
A large diversity of s t ructura l form has been 
utilized to fit spec i f i c br iefs. They range from 
portal f rames to Nodus, depending on the 
brief, the c l ient 's cost c o n s c i o u s n e s s and 
the arch i tec t ' s powers of persuas ion. 
Office buildings 
Since of f ice bui ldings really got going about 
the mid '60s it has been quite unusua l to find 
steel f rames. Their use is usual ly conf ined to 
penthouse level. 
Sports halls 
These invariably use steel roofs and often 
steel co lumns, a s the s c a l e tends to be more 
modest than e lsewhere and comparat ively 
little scope for the spec tacu la r has been 
avai lable. 

al ternat ive source of supply. There is 
however a price dif ferential wh ich has 
inhibited more general use of cont inental 
sec t ions . 
There is l imited capac i ty for economic 
fabricat ion of plate girders and caste l la ted 
beams. T h e s e would normally be imported 
ready-made. S tock holders keep some 
suppl ies and s ince may jobs are modest ly 
s ized the necess i t y to buy there tends to 
increase job cos ts . 
Certainly where anything other than Grade 
43 steel is env isaged the lead in period must 
al low for mil ls ordering to be feas ib le . 
The s tandard fac i l i t ies avai lable to the larger 
f i rms provide al l the necessary equipment 
for fabr icat ion for most s i tuat ions. 
Automated cutt ing and dril l ing has recently 
become avai lable but is st i l l unusua l . 
Welding techn iques nowadays almost 
universal ly employ semi-automat ic C 0 2 

sys tems , at least in the shop. Automat ic 
welding is rarely done, partly on account of 
the sca le of work involved. 
Most fabr icators do not employ welding 
technolog is ts and th is serv ice combined 
with NDT interpretation is provided by one or 
two f reelance spec ia l i s t s . By and large this 
arrangement is sat is fac tory but di f f icul t ies 
can ar ise where the fabr icator does not 
real ize when he is out of h is depth. We tend 
to use radiography and u l t rasonics , partly a s 
psycholog ica l tools to convey the im
portance of workmansh ip a s much a s the 
ac tua l test. Genera l ly this works quite wel l . 

Descriptions of some individual buildings 
Bailey's Irish Cream factory 
Th i s is an 18,000m 2 building wh ich uti l izes, 
for the first t ime in Ireland, the 'Nodus ' 
sys tem on a large s c a l e . C H S concrete-f i l led 
co lumns at 19.6m each way support the 
s p a c e f rames which number 43 in a l l . E a c h 
w a s assemb led at ground level and lifted 
into posit ion. A 'Mero' t russ portal spanning 
19m is used to support the ent rance canopy. 
Gef fy Corporation factory 
Th i s is a modest 2 ,000m 2 factory notable for 
its unusua l use of concrete block vert ical 
structure. However the s tee l is a lso 
interest ing, using 686 x 152mm caste l la ted 
universal beams (CUB) a s main beams on a 
15m, 3 span grid and lighter C U B of the same 
d imens ions a s secondary beams in alter
nating orientation. Continuity of main beam 
over the c i rcu lar hollow sect ion co lumns , 
using 8.8mm bolts, permitted the use of 
d imensional ly ident ical main and secondary 
beams which nicely unif ies the des ign and 
faci l i t ies serv ice runs. 

Factory walling 
We have been involved in the development of 
a steel factory wal l ing sys tem to meet a 
part icular brief. T h i s uses 1.2mm thick 
galvanized metal in interlocking trough form, 
500mm wide x 100mm deep, spann ing 7m 

Fig. 5 
Bai ley 's Irish 
Cream factory: 
lifting the 
space f rames. 
Archi tects: 
Scott Tallon 
Walker 



vert ical ly between roof and floor. Horizontal 
ribbed metal c ladding to stabi l ize the open 
s ides of the trough enabled us to provide a 
150mm overall th ick f rame less wal l ing 
sys tem. Th is s y s t e m w a s designed, tested 
and success fu l l y used in a pilot s cheme 
where no commerc ia l ly avai lable sys tem 
could be found. 
Central Bank of Ireland head offices 
Th i s design w a s conceived a s a major land
mark in Dublin city centre and is unique in its 
structural design in Ireland. Measur ing 45 x 
30m, its seven f loors are suspended from the 
roof and supported by two concrete serv ice 
towers. 
All f loors are formed of s t ructural steel 
t r usses with a thin concrete s lab. E a c h one 
is suspended by 12 pairs of Macal loy bars on 
the perimeter, directly to roof level. A sys tem 
of roof t r u s s e s enc los ing the plantroom is 
the pr imary s tee l s t ruc ture carry ing al l the 
f loor loads into the concre te co res . F loors 
were fully a s s e m b l e d at ground level and 
jacked into pos i t ion, us ing the Br i t i sh Lif t 
S l a b heavy l i f t ing s y s t e m located on the 
roof. 

Papal cross and canopies: 
Phoenix Park, Dublin 
An inception to complet ion period of two 
months w a s ach ieved for the erect ion of a 
35m high steel memorial c r o s s for the 1979 
Papal visit to Dublin. A fabr icat ion using s ix 
universal beam sec t ions , each 600m deep, to 
form both s tem and a rms w a s devised, 
designed, fabr icated, painted and erected 
with very little t ime to spare. 

Fig. 7 
Papal C r o s s being hoisted into 
posit ion - Phoen ix Park, Dublin 

Fig. 8 
Papa l C r o s s and canop ies a s seen 
during the Papa l v is i t to Dublin 

Fig. 6 Central Bank of Ireland head off ice under construct ion. Archi tects: Stephe 
Gibney & Assoc ia tes 
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Towers and 
flare stacks 
John Tyrrell 
Introduction 
Towers are by implication tall s t ructures that 
reach above the surrounding environment. 
They are commonly used to support 
equipment or some instal lat ion at a required 
elevation a s part of an engineered sys tem or 
process . 
The greater part of our work in th is field has 
been assoc ia ted with towers support ing 
microwave an tennas but more recently we 
have des igned a number of s t ructures for 
support ing g a s flaring s y s t e m s and vent 
pipes. S imi la r s t ruc tures that we have 
designed or analyzed include lighting 
towers, towers support ing water s torage 
tanks a s wel l as guyed s t ructures. However, 
this paper concent ra tes on microwave 
towers and f lare towers. 
Clear ly there are s imi lar i t ies between the 
different types of st ructure but the 
operat ional or performance requirements of 
the sys tem determine the funct ional 
requirements of the structure in each c a s e . 
Steel is favoured largely because it can 
eas i ly be fabr icated a s component parts and 
then transported and erected relatively 
quickly and s imply in remote locat ions. 
Types of structures 
There are two main generic structural forms: 
self-support ing towers and guyed arrange
ments. Sel f -support ing towers are normally 
of the open latt ice type and may be either 
square or tr iangular in plan. Guyed 
st ructures may compr ise a vert ical or 
incl ined s lender s tem with the s t i f f ness 
provided by the guys. The combinat ions and 
appl icat ions of these types of st ructure are 
too numerous to cover adequately in this 
paper and therefore it is intended to consider 
microwave and f lare towers only. A brief 
descr ipt ion of the main charac te r i s t i cs of 
each sys tem is given below. Reference is 
a lso made to t ransmiss ion towers where a 
different des ign approach is adopted and 
different loading condi t ions apply. 
Microwave towers are usual ly const ructed 
from tubular and/or angle members bolted 
together. For a part icular network they are 
commonly arranged as a family or fami l ies 
of towers. E a c h family typical ly cons i s t s of a 
number of pane ls arranged vertically. Pane ls 
can then be omitted either from the top or 
from the bottom for the required height. 
E a c h panel is braced in elevation and 
possibly on plan. Main bracing members 
may be braced by secondary members to 
reduce the ef fect ive length and therefore the 
member s ize . The towers are designed to 
carry a wide variety of an tennas such a s TV 
radiators, yag is , open or solid d ishes and 
horn aer ia ls . E a c h type of an tenna has its 
individual mounting and a c c e s s require
ments a s wel l a s the feeder cab le and 
waveguide arrangement. 
F lare towers are required to support gas 
flaring s y s t e m s which broadly cons is t of 
duct ing w a s t e gas by pipework to a required 
elevation where it is ignited by a remote 
burner. The s ize of pipework or riser var ies 
with the part icular gas f lows up to 1.5m in 
diameter. Anci l lary pipework such a s feed 
l ines to the f lare tip are a lso required to be 
supported. Removal of the f lare tip for 
ma in tenance is an important feature of the 
design. T h e s e s t ructures tend to be 'one o f f 
and const ruc ted from welded tubular 
members al though not exc lus ive ly so. 
Of fshore tower s t ruc tures frequently have 
restr ic t ions imposed on the design such as 

the base width and method of instal lat ion. 
They are fabr icated and transported in 
relatively large sec t ions to minimize erect ion 
t ime. Aggress ive environmental condi t ions 
and infrequent ' sa fe ' a c c e s s periods are 
taken into account by speci fy ing high quali ty 
mater ia ls and workmansh ip . 
T ransmiss ion towers are required to support 
the overhead power supply l ines at relatively 
frequent cent res . The power l ines are 
tensioned to reduce the catenary e f fec ts and 
suspended from an arm arrangement a s part 
of the tower. Th i s in turn c reates forces in the 
tower in addit ion to the wind load. A lso 
tens ions in the power l ines are a f fec ted by 
c l imat ic temperature var iat ions. B e c a u s e of 
the number of towers required for any one 
sys tem the cost penalty for conservat ive 
design could be signi f icant. The design 
approach therefore is to test a tower or 
number of towers to fai lure, so the strength 
of all members , including those normally 
a s s u m e d to be redundant for ana l ys i s 
purposes can be properly evaluated. 

General tower arrangement 
In c a s e s where the tower geometry is not 
given or determined by factors other than 
strength or def lect ion the fol lowing 
empir ical rules for microwave towers may be 
applied a s a first s tage towards achiev ing an 
economica l des ign. 
Slenderness: 
The ratio of the overall tower base width 
should not 
below. 

exceed the va lues tabulated 

Tower 
height 

0.75° 

Maximum 
deflect ion 

1.2° 1.2° 

50m 6 8 10 
5 0 - 1 0 0 m 5 7 9 
1 0 0 - 1 5 0 m 4 6 8 

Top width: 
2.25m for square towers with internal 
c l imbing ladder; 1.65m for tr iangular towers 
wi th internal c l imbing ladder; 0.45m for 
towers with external cl imbing ladder. 
Leg slope: 
The slope of the tower legs at the base 
should be such that the point of intersect ion 
of the projected l ines of the legs occu rs 
above the two thirds point. 
Panel types: 
The opt imum height to width rat ios of the 
typical panel bracing ar rangements are: 

Height/width Panel type 
h/w>1.5 Z 
1.0<h/w<1.5 X 1 , X2 
0.7<h/w<1.0 X 1 , X2, K 1 , K2 

0.5<h/w<0.7 K2 

A lso , the angle 8, between the bracing and 
the leg member, should be mainta ined within 
the fol lowing ranges: 

bolted s t ruc tures 20°<6<90 o 

welded s t ruc tures 30°<9<90 o 

Solidity ratios: 
Typica l ly solidity rat ios for different w id ths 
are a s fo l lows: 

Panel width Sol idi ty ratio 
< 1.5m 0.25 
< 5.0m 0.20 
<10.0m 0.15 
<10.0m 0.10 

Factors affecting the design 
Project requirements normally provided by 
the cl ient or the s y s t e m s engineer include: 
si te locat ion and part icular deta i ls that are 
known to provide a constra int of one sort or 
another on the design 
bas ic wind speed, the combinat ion of wind 
and ice accret ion and temperature where 
appropriate 
s ize, type and number of i tems to be 
supported at speci f ied levels including 
assoc ia ted feeder s y s t e m s 
l imits on the twist and tilt for the structure 
design life of the structure 
aircraf t warning lighting 
painting and protection. 
On o c c a s i o n s we may be required to carry 
out wind speed invest igat ions where 
suf f ic ient detai ls are not given. A lso, it is 
quite frequent that further interpretation of 
the design requirements is necessary . 
In addit ion to the speci f ied requirements 
there are other fac tors that are likely to 
inf luence the design such as economic and 
pract ica l cons iderat ions. For example the 
avai labi l i ty of steel sec t ions locally, 
t ransportat ion, lifting and erect ion, the 
main tenance of the st ructure and the 
equipment including a c c e s s are all parts of 
the equat ion. A lso , the l ightest poss ib le 
structure is not a lways the most economic , 
part icular ly where some standard izat ion can 
be ach ieved and where there are diff icult 
ground condi t ions and the cost of the 
foundat ions may be a s igni f icant part of the 
overall cos t . 
Loading 
Wind 

A bas ic wind speed corresponding to the 3 
second gust with a return period of 50 years 
is usual ly adopted for the design, or serv ice
abil ity condit ion of the structure. On 
o c c a s i o n s an extreme or survival wind speed 
may a lso be given for a spec i f ied limit s tate. 
Fo rce coef f ic ients for individual members 
and latt ice ar rangements are given in CP3 
Chapter V: Part 2:1972. 

Fig. 1 
Remote 
microwave 
tower s i te 



load-bearing capac i ty can be obtained than 
would be expected by consider ing the 
column in isolat ion. An understanding of the 
factors wh ich af fect the per formance of 
assemb l i es might lead to the reduction or 
el iminat ion of part or al l c ladding for the 
lower s tandards of fire exposure. The 
research carr ied out so far h a s not yet 
reached the s tage at which cr i t ical 
condi t ions can be def ined. 
R e s e a r c h on co lumns has so far been 
directed towards axia l ly loaded members. In 
pract ice there will be combined normal 
fo rces and bending moments but the ef fect 
is not wel l understood. It has been 
suggested that compress ion propert ies at 
high temperature may be more favourable 
than tension propert ies. However, there is a 
lack of data to conf i rm this hypothesis . 
The s tandard fire res is tance is not des igned 
to test vert ical members in tens ion. The 
cr i t ical condit ion must therefore be defined 
by ca lcu la t ion , s ince convent ional cr i t ical 
temperatures derived from loaded co lumn 
tes ts may not be correct, part icularly when 
the hanger is a spec ia l s tee l . At present no 
guidance is avai lable. 
Properties of steel at high temperatures 
The tens ion propert ies of mild steel at 
temperatures up to 600°C are well 
documented, for example , and there are 
some measuremen ts avai lable for higher 
temperatures. Creep measurements are 
avai lable up to 650°C. It is not c lear how 
important it is to separa te out s t ress-
induced st ra in from creep-induced strain but 
in view of the high steel temperatures 
measured before fai lure may occur, more 
information may be needed. Tes ts have 
conf i rmed that mild steel e lements, wh ich 
have not exceeded the cr i t ical temperature 
for fai lure, regain their e las t ic propert ies 
after cool ing. 

Mechan ica l propert ies of cold-formed steel 
C-sec t ions for temperatures up to 650°C are 
a lso ava i lab le . 
Use of cold formed sections 
The use of l ightweight cold-formed steel 
sec t i ons to replace t imber s tuds inside 
part i t ions h a s been studied and a 
ca lcu la t ion method dev ised. Tes t s have 
shown that these sec t ions can a lso perform 
sat is factor i ly a s co lumns and beams when 
enc losed in c ladding mater ia ls but the 
resul ts have not yet been general ized to give 
a design method. 
Views of the steel industry 
We cons idered that it would be helpful to 
have an indicat ion of the v iews of those 
people in the steel industry who wil l 
eventual ly use the resul ts of the research 
and an indicat ion of ex is t ing regulat ions in 
different count r ies . We therefore prepared a 
short quest ionnai re wh ich w a s c i rcu lated to 
the var ious Stee l Information Cent res in 
Western Europe. Rep l ies were received from 
Cent res in nine countr ies. 
Fire exposure and fire resistance calculation 
All countr ies favoured the accep tance in 
nat ional regulat ions of a ca lcu la ted design 
fire, taking into account fire load, venti lat ion 
and compar tment s ize, a s an al ternat ive to 
the s tandard fire res is tance test. It is 
accepted general ly only in Sweden . 
In only three of the countr ies (F rance , 
Sweden and Switzer land) is ca lcu la t ion of 
the fire protection needed general ly 
accepted a s an al ternat ive to s tandard fire 
res is tance tes ts . The other countr ies were in 
favour of ca lcu la t ion , but one (Germany) only 
somet imes . 

Only two countr ies (Sweden and 
Swi tzer land) have agreed representat ive 
va lues of fire loads for a range of bui ldings; 
the Nether lands for of f ice and resident ia l 
bui ld ings only. 

8 A 'c r i t ica l ' s teel temperature can be def ined 

in all countr ies but Great Br i ta in and Italy, 
being either a f ixed value or one es tab l ished 
by ca lcu la t ion. Italy recommends some fixed 
va lues for unloaded structural e lements . 
Unprotected steelwork 
All countr ies except Sweden have bui ldings 
with unprotected external steelwork. Only 
one, Italy, has agreed design rules. 
All countr ies accept unprotected steelwork 
for s ingle-storey bui ldings (in Belg ium for 
industr ial bui ld ings only, in F rance , Germany 
and Italy only somet imes) and for roof 
s t ructures (only somet imes in Germany and 
except ional ly in Belgium). Seven countr ies 
accept unprotected steelwork for car parks 
(in Germany, Italy and Sweden only 
somet imes, not accepted in Belg ium and 
France) . Swi tzer land alone accep ts 
unprotected steelwork for any building with 
low fire load ( l ess than 60M c a l / m 2 which is 
equivalent to about 14 kg /m 2 o f wood). 
Criteria for fire resistance 
Cent res in al l but two countr ies - F rance 
and Sweden - think that the s tandard fire 
res is tance test should give more information 
on the mater ia ls at the end of the test and all 
but two (F rance and Germany) would like 
more information on adhes ion of the 
c ladding. Only one country (Austr ia) h a s a 
code of pract ice for the appl icat ion of 
c ladding to the steel . Cen t res in five 
countr ies are in favour of such a code. 
Cent res in three countr ies (Austr ia, Germany 
and Swi tzer land) are sat is f ied with their 
ex is t ing cr i ter ia for fai lure of beams and 
s labs . Four count r ies (Belg ium, Great 
Br i ta in, Italy, Swi tzer land) favour a limiting 
rate of def lect ion, one (France) an infinite 
rate, and three (Germany, Nether lands, 
Sweden) favour a limiting rate for certain 
s t ructures only. 
Insurance requirements 
All Cen t res but one (Great Britain) sa id that 
insurance requirements d iscourage the use 
of steel in some or all bui ldings. 
General comments 

The comments and observat ions reveal a 
number of problems: a lack of knowledge of 
fire protection on the part of the building 
authori t ies; an unjust i f ied prejudice against 
the use of steel on the part of both building 
author i t ies and insurance compan ies ; lack 
of a clear ly s ta ted per formance requirement 
in the building regulat ions - what are they 
trying to ach ieve and how do the fire 
res is tance per iods relate to real f i res? The 
cost of fire protect ion, part icularly for 30 and 
60 minute fire res i s tance periods, presents 
problems. It is cons idered that compre
hensive tables, design manua ls and more 
accep tance of a l ternat ive measu res to meet 
building regulat ion requirements would help 
to promote the use of steel in bui ldings. 
Priorities for future activities and research 
From the invest igat ions descr ibed in the 
preceding chap te rs we concluded that the 
wider and better use of steel in building will 
mainly be ach ieved by a reform of 
regulat ions based on: 
• a more prec ise definit ion of performance 

requirement 
• a more prec ise est imat ion of s t ructural 

per formance and for des igners : 
• design manua l s for the st ructural 

engineer 
• s imple des ign guides for the archi tect 

and engineer which show how much 
protection, if any, is needed for the 
structural steelwork. 

Performance requirement 
A per formance requirement should state the 
object ives of providing fire safety - whether 
it is for the protection of people (occupants , 
neighbours, fire f ighters), the protection of 
property (contents, structure, neighbouring 
bui ldings) or a mixture of both. Ideally, the 

required level of sa fe ty should be stated and 
methods of a s s e s s i n g the potential hazard 
should be agreed. It would then be poss ib le 
to determine the level of s t ructural fire 
protection needed, if any, and the ef fect on 
th is level of employing alternative protective 
measu res such a s automat ic spr ink lers. 
Clear ly this is a wider subject than the use of 
steel in building construct ion. 
Structural performance 
The development of a calculat ion method for 
the fire safe ty of a structure, which could be 
integrated into the methods for s t ructura l 
design at normal temperatures, is hampered 
first of all by the present sys tem of grading 
s ingle e lements in a s tandard test and 
second by lack of knowledge of the 
behaviour of s t ructural assemb l i es and the 
loads act ing on them in real fire condi t ions. 
The information needed would include: 
• a study of the present s tandard test 

method, so that it can be adapted, altered 
or extended to provide more information 
for design purposes 

• a separat ion and definit ion of i ts 
funct ion, a s a heat ing mechan ism and a 
loading mechan i sm, would show how 
resu l ts could be applied when data are 
provided by the fol lowing: 

• a study of the cr i t ica l condi t ions for 
fa i lure of loaded e lements and frame
works . For ca lcu la t ion of these cr i t ica l 
condi t ions more rel iable data would be 
needed for the fol lowing: 

• measuremen ts of the mechan ica l pro
pert ies of steel at temperatures above 
60O°C. 

• a s s e s s m e n t of the loads which should be 
deemed to be act ing under fire condi t ions 
- wind load, live load, dead load. 

S o m e of these s tud ies are of a long-term 
bas i c nature, but much information wh ich 
al ready e x i s t s could be exploited with the 
addit ion of a little more data . 
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Composite frame 
and metal deck 
construction 
Ian MacKenzie 
Introduction 
Th i s paper covers the use of steel d e c k s and 
steel f rames act ing composi te ly with 
concrete s l abs in bui ldings. Th i s is a form of 
construct ion wh ich in some c i r cums tances 
has proved economica l in high r ise of f ice 
bui ldings in Aus t ra l ia . 
There is now a cons iderab le accumula t ion of 
knowledge about the behaviour of 
composi te members. The codes of pract ice 
permit compos i te f rames to be designed a s 
equivalent steel f rame s t ruc tures by the so-
ca l led 's imple design method'. Th i s w a s first 
introduced into BS449 in 1932. A major 
updating in 1949 led to lighter beam sec t ions 
but it a l so resulted in heavier co lumns. 
Professor Baker turned his attention to the 
ult imate fai lure of steel f rames and his work 

in the e las t ic p last ic range helped to expla in 
the redistribution of s t r e s s e s occurr ing in 
the var ious components in this range. The 
Br i t ish Standard Code of Pract ice , CP 117: 
Part 1 publ ished in 1965, w a s based on 
s imple p last ic theory using ideal ized s t ress-
strain re lat ionships for both steel and 
concrete. For the latter an equivalent yield 
s t ress of 0.85 F ' c w a s adopted. Us ing these 
cr i ter ia there has been good agreement with 
the ult imate loads for a range of beams but 
s t r e s s e s and deformat ions have been less 
sat is factory. 
R e s e a r c h has cont inued into the effect of 
sl ip at the shear connect ion and more 
accura te moment-rotation curves have been 
derived. A more real is t ic a s s e s s m e n t of the 
inf luence of residual s t r e s s e s in the steel 
component has a lso been made. Typical 
moment-curvature re lat ionships are shown 
in F ig . 1. B e a m s of the type represented by 
Curve 1 reach a peak and then fall away 
rapidly leading to a sudden fai lure. B e a m s 
with the type of deformation represented by 
Curve 2 are subject to some strain hardening 
and fai l in a gradual or duct i le manner which 
is more acceptab le to des igners . 
It is with a view to ensur ing that th is type of 
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fai lure wil l occur that the Australian 
Standard 2327 Part 1 - 1980, 'S imply 
supported beams', conta ins a requirement 
related to ductility. Th i s Aust ra l ian code has 
been based on CP 117 but it is expanded to 
include sec t ions on serviceabi l i ty and it a lso 
covers the use of profiled steel sheet ing in 
composi te f rames. It spec i f ica l ly exc ludes 
dynamica l ly loaded s t ruc tures and bridges. 
Future i s s u e s of the code wil l cover 
cont inuous beams, s l abs and co lumns . 
General design provisions of AS 2327 
The s lab wh ich is act ing composi te ly with 
the steel f rame may be either: 
(a) C a s t in s i tu on removable formwork 
(b) C a s t in situ on profiled steel sheet ing 

(composi te decking) 
(c) C a s t in s i tu concrete on precast 

formwork wh ich is left in p lace 
(d) Precas t for its full depth. 
There are design requirements to 
f lexural strength, serviceabil i ty, 
strength connect ion and transfer of 
strength. Ru les are given for ef fect ive width 
and ef fect ive th i ckness of s labs . 
S t r e s s e s assoc ia ted with s lab f lexure are not 
required to be added to those due to 
composi te act ion except where prest ress ing 
forces are appl ied in the direction of the 
longitudinal beams. 
Flexural strength 
Design can be either by the load-factor 
(ult imate strength) method or working s t r e s s 
(e last ic design) method. 
Load factor method 
The ult imate moment of res i s tance is 
ca lcu la ted on the bas i s that: 
(a) The portion of the steel beam in tension 

is s t ressed uniformly to the yield s t r e s s 
Fy. 

(b) The portion of the steel beam in com
press ion is a l so s t ressed uniformly to 
yield s t ress Fy. 

(c) The compress ive s t r e s s is a s s u m e d to be 
a uniform s t ress block of 0.85 F ' c 

(d) The concrete has no tensi le strength. 

Ultimate moment of resistance M'r for 
neutral axis within depth of concrete 

D - d n M'r = 9 F y A s 

where dn 

dg + ' 

F y A s 

2 

<D 
0.85 F 'cb 

6 = 0.95 

(Refer to F ig . 2). 

Ultimate moment of resistance for 
compressive stress in steel beam 
T h i s occu rs when FyAs>0.85 F ' c bD 

(Refer to F ig . 3) 

He = F y A s 
Hcc = 0.85 F ' c bD 
H s c = F y A c where A c : 

compress ion 
Area of steel 

For equi l ibr ium: 
He = H c c + 2 H s c 
F y A s = 0.85 F ' c bD + 2 F y A c 

Hence A c = 0.5 A s - a 8 5 F C b D 

F y 

dn can then be found from propert ies of steel 
sec t ions . The code then gives a formula for 
determining the ult imate moment of 
res i s tance when the a x i s N-N is located in 
the f lange or in the web of the beam. 
AS 2327 con ta ins c l a u s e s which modify the 
a s s u m e d s t r e s s block when the depth of 
s t ress block would theoret ical ly be located 
below the top of the rib of the decking. 



Working stress method 
Design of composi te sec t ions by the working 
s t ress method is in acco rdance with e las t ic 
theory using a t ransformed area approach 
and assuming no sl ip at the concrete steel 
interface. The a rea of s lab in tension is 
neglected in ca lcu la t ing the area. 
Ru les are given for ca lcu la t ing the effect ive 
moment of inert ia and ef fect ive sect ion 
modulus where profi led sheet ing is used. 
Permiss ib le s t r e s s e s are the relevant va lues 
in the steel and concrete codes. 

Serviceability 
Stress 
For unpropped construct ion the s t r e s s e s in 
the steel beam must not exceed 0.9 Fy under 
serviceabi l i ty loads. 
Deflection 
Def lect ions can be ca lcu la ted using a 
modular ratio of n for t ransient loads and 3 n 
for sus ta ined loadings. A general deflect ion 
limit of span/250 is suggested with span/ 500 
or an absolute value of 20mm where damage 
could result from def lect ions. 
Def lect ions during the construct ion s tages , 
part icular ly for unpropped construct ion, 
should be borne in mind when consider ing 
the need for cambers . 
Vibration 
Comparat ively light s t ructures can result 
from composi te design and the Aust ra l ian 
code gives guidel ines aimed at l imiting 
damage to the structure or d iscomfort to the 
occupants . 
(a) Floor f requency should be greater than 5 

Hz for occupanc ies such a s resident ial 
f loors and schoo ls . 

(b) Floor f requency should be greater than 10 
Hz for repetit ive act iv i t ies s u c h a s 
danc ing, un less there is a large amount 
of damping. 

(c) Transient vibrat ions can c a u s e d iscom
fort or annoyance to occupan ts , and 
spec ia l is t l i terature should be consul ted. 

(d) For further guidel ines reference can be 
made to a paper by D. L. Al len: 
'Vibrat ional behaviour of long span floor 
s labs' . Canad ian Structura l Engineer ing 
Conference Proceedings, Toronto 1974. 

Ductility 
To ensure a ducti le response of the beam 
there is a requirement that the depth of the 
neutral ax i s of a T beam sha l l be not l ess 
than 16% of the overall depth of the sect ion. 

Shear connection 
The funct ion of the shear connector is to 
t ransmit horizontal shear between the 
concrete s lab and the steel beam and to 
ensure that there is no phys ica l separat ion. 
Regard less of the method used to determine 
the f lexural strength, shear connectors are 
des igned by the load factor method. 
Charac te r i s t i c s t rengths of both stud and 
channe l connectors are given for var ious 
concrete strengths. Connec to rs are provided 
to resist the whole of the compress ive force 
and are usual ly distr ibuted uniformly 
between the points of zero and max imum 
moments . Where beams support heavy 
concent ra ted loads, distr ibution should be 
accord ing to the shear force d iagram. 
Transfer of longitudinal shear in concrete 
It is necessa ry to check potential shear 
fai lure p lanes to ensure that the horizontal 
force can be t ransmit ted to the concrete. The 
code requires min imum t ransverse reinforce
ment to c ross the shear p lanes in the bottom 
of the s lab. 
Composite decking 

An Aust ra l ian code covering compos i te 
s l a b s is yet to be prepared. At present only 
two types of deck ing are avai lable for use in 
composi te deck construct ion. 
Both deck ings are galvanized and avai lable 
in two th i cknesses . Design manua ls enable 
se lect ion of s lab t h i ckness and negative 
mesh reinforcement for s imple loading 
s i tuat ions. Ful l design procedures require: 

(a) Check on panel s t r e s s during 
construct ion loading 

(b) C h e c k on panel def lect ion under 
construct ion loadings 

(c) Shear under const ruct ion loading 
(d) Total panel s t ress due to s lab dead load 

and super imposed loads 
(e) Shea r and bond on the composi te s lab 
(f) Deflect ion of the compos i te s lab 
(g) Concre te s t ress in the composi te s lab. 

Permiss ib le s t r e s s e s and def lect ions are 
based on ex tens ive load test ing and are 
nominated in the manua ls . 
Fireproofing 
B a s e d on full s c a l e fire tes ts , design cr i ter ia 
have been determined under wh ich , for given 
s lab t h i c k n e s s e s , the provision of fire 
emergency reinforcement will enable fire 
res is tance rat ings of up to three hours to be 
achieved. Th i s means that only the 
support ing steel beam requires spraying or 
other measu res to ach ieve a fire rat ing. The 
provision of this reinforcement has been 
es tab l ished for given s p a n s and 
super imposed loads, and is usual ly a 
considerably more economica l way of 
achiev ing the necessary fire rating than 
spray ing the metal deck soff i t . 
Practical considerations 
Shear s tuds welded through the decking are 
the usua l method of shear connect ion with 
the concrete s lab. It is important to ensure 
that there is an adequate power source and 
that the inter face su r face between the 
decking and the steel beam is c lean , dry and 
free from loose rust or sca le . 
Considerat ion should be given to applying 
the s tuds in the field rather than the fabric
ation shop because of the r isk of r iggers 
erect ing the steel tripping on the s tuds . 
Stud shear connectors adequately fix metal 
decking to support beams. Alternatively 
puddle welds can be used. 
Propping of the decking may be necessary to 
limit def lec t ions during concret ing. Altern
atively, propping can be avoided by locat ing 
the support beams at appropriately c lose 
spac ings . 

If there is no propping, def lect ions can be of 
suf f ic ient magnitude for the concrete 
actual ly p laced to be s igni f icant ly more than 
the quantity ca lcu la ted from the theoret ical 
th i ckness . 

Soffit fixings 
For soff i t f ix ings to hang cei l ings, ducts , 
pipes, etc. , the metal deck ing must be 
dril led. F l a s h welding pins are not regarded 
a s sat is factory. In the c a s e of Bondek 
spec ia l nuts can be fitted into the f lutes to 
support l ightweight cei l ings. 

Precedent 
and intuition 
in design 
John Roberts 

Overture 
No seminar is complete without an histor ical 
review of the subject in quest ion. It a l lows us 
to compare past ach ievements with present 
efforts. Derek Sugden ' s talk w a s a s t imely a s 
it w a s fasc inat ing . He led his audience, 
through the myster ies of design achieve
ment from early Ch ina to just short of the 
present day. The ach ievements of present 
day ' lumina i res ' - h is term for the ack
nowledged leaders of contemporary design 
- were left for another day - a pity. 
Of course Derek cheated. The talk w a s not, 
a s bil led, about the ske le ta l f rame. Instead 
he talked about the design p rocess . Few 
real ized, fewer cared for the aud ience w a s 
caught on the horns of the theme d i lemma. 
To what extent is (or ought) design to be 
const ra ined by our own expecta t ions -
'precedent ' ; and to what extent is it (or 
should it be) a funct ion of our own 

26 immediate emotion - ' intuit ion'? 

Precedent in design a r i ses from a number of 
sou rces - legis lat ion, mater ia ls , manu
fac tur ing cons t ra in t s , form and appea rance 
- and our own abi l i ty to ana lyze prob lems. 
The danger in fo l lowing a precedent is when 
the context c h a n g e s so that the solut ion is 
no longer appropr iate. 
Extrapolat ion requires care. Precedent 
rel ieves Soc ie t y ' s concern about rad ica l ism 
but can lead to anonymity and i rrelevance. 
Derek quoted B l a k e ' s 'Augur ies of Inno
cence' , 'we are led to believe in a lie when we 
see with, not through the eye'. 

Intuition on the other hand is our abil ity to 
find new solut ions to novel problems. It 
requires that we cas t aside predilections and 
so lve the problem on its own meri ts. Voltaire 
in the 'Temple de Gout ' summed up his 
appreciat ion of intuitive design in this way: 
'S imple w a s it noble archi tecture. E a c h 
ornament ar rested, a s it were, in its posit ion 
seemed to have been placed there of 
necessi ty. ' 

Throughout history intuitive solut ions to 
design problems have, at least initially, 
received a hosti le recept ion, mostly, one 
s u s p e c t s , because they represent a break 
with tradit ion. By repeated exper ience, 
however, an intuitive solut ion becomes 
accepted and the general public begins to 
a s s o c i a t e the intuitive solut ion with that 
part icular problem. T h i s happy ba lance is 

upset when some of the parameters change 
either in the problem or its solut ion. The 
precedents remain - an early s team engine 
is given a fluted chimney representat ive of 
Greek Order. Only later and possibly in 
partial recognit ion of this est ranged 
si tuat ion is an intuitive solut ion developed 
- result outcry. But the general solut ion for 
ch imneys cont inues to be adopted and it 
becomes a norm. And so the life cyc le of the 
design p rocess repeats itself. 
To i l lustrate the impact of precedent and 
intuitive thinking on the design process , 
Derek c h o s e a number of key events in 
history when either the problem set the 
designer changed - in context or scope -
or when new solut ions presented themselves 
- either from developing technology or the 
ski l l of an individual. 
Scherzo: Historical examples of the 
influence of precedent and intuition 
The conflict in China: 
There are early examp les of the precedent/ 
init iative d i lemma. In 8th century Ch ina , the 
design of t imber bui ldings w a s highly 
regulated by the State through detai led 
building codes . These ref lected the 
technology commonly used and dictated the 
appearance of the end product. But this 
s a m e society had built a large span masonry 
arch bridge (c.610) and a post and lintel 
bridge (c.820). 

Figs. 3-4 
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for example, the protection needed for other 
steel sec t ions , for other periods of s tandard 
fire exposure or for non-standard fire 
exposures (compartment f ires). 
The most commonly used method of 
exploit ing the resu l ts of fire res is tance tes ts 
is to a s s u m e that fai lure is related to the 
at ta inment of a cr i t ical s teel temperature 
and to devise sca l ing methods or char ts 
based on a s imple model of heat t ransfer 
from the furnace, through the c ladding, to 
the steel . Th i s method avoids any definit ion 
of the st ructural behaviour or thermal 
charac te r i s t i cs of the c ladding; it provides 
extrapolat ion of the result for the part icular 
mode of fai lure exper ienced in the test. It 
can be used to predict resul ts for s tandard 
f ires, but not for compartment f ires. One way 
of extending the use of s tandard test data to 
compartment f i res is to estab l ish an 
equivalence between the s tandard fire and 
compartment f ires in terms of their heating 
effect on the st ructural element, the ef fect 
being at ta inment of a certain cr i t ical 
temperature. 

Deficiencies of the standard test 
An examinat ion of s tandard test procedures 
and the resul ts obtained exposes several 
def ic ienc ies. F i rs t , it h a s been observed that 
some c ladding mater ia ls in acc identa l f i res 
may undergo phys ica l changes not 
d isp layed in the s tandard test, because of 
higher fire temperatures in the compartment. 
For th is reason a high temperature test, 
supplementary to the s tandard test, is 
somet imes suggested. 
Secondly, un less the test is part of a 
research programme, the initial propert ies of 
the spec imen are not measured. The test 
load is related to the charac ter is t ic strength, 
not the strength of the samp le tested. 
Thirdly, the resul ts for test spec imens which 

are nominal ly the s a m e will vary from 
laboratory to laboratory: Th is is not 
surpr is ing s ince , apart from any d i f ferences 
in heat ing charac te r i s t i cs , the real degree of 
restraint of the spec imen is quite often 
unknown and may vary during the test. Th is 
is part icular ly a problem with slender 
co lumns. 
It can wel l be argued that the s tandard fire 
res is tance test is only a blunt instrument 
and in pract ice it se rves its purpose because 
there have not been any ser ious st ructural 
fa i lures in f i res. If th is is true it can a lso be 
argued that ca lcu la t ion methods are just a s 
likely to give the 'correct ' answer and are 
much cheaper. It then fo l lows that the fire 
res is tance test should be re-designed so a s 
to provide information for these ca lcu lat ion 
methods. 

Suspended ceilings 
Fire res is tance tes ts have demonstrated the 
value of suspended cei l ings for the 
protection of steel beams and floor sys tems . 
A ca lcu la t ion method has been proposed 
which could be used to general ize test data, 
but the main problem is probably the 
dif f iculty of ensur ing that the cei l ings are 
instal led correct ly in pract ice. The detail ing 
of the suspens ion sys tem, lighting fitt ings, 
etc., is of great importance. 

Composite steel and concrete 
Structura l a n a l y s i s of composi te steel and 
concrete is diff icult to carry out for normal 
condi t ions. It is not surpr is ing, therefore, if it 
presents problems of ana l ys i s under fire 
condi t ions. Never theless, it ought to be 
possib le to carry out fire tes ts which would 
lead to a definit ion of the cr i t ical condi t ions 
for fai lure and lay the bas i s of a design 
method. 

Profiled steel sheet and concrete floors 
Test data so far obtained indicate that for 

fire res i s tance in e x c e s s of 30 minutes either 
the steel sheet must be insulated by a 
coat ing or suspended cei l ing or the concrete 
must have reinforcement. Al though 
numerous fire res is tance tes ts have been 
carr ied out, it is diff icult to general ize the 
information received so that a design 
method can be provided. Most tes ts have 
been for s tat ica l ly determinate floors: better 
per formance has been measured with 
cont inuous f loors. Although in some 
countr ies the fai lure criterion for a floor is a 
def lect ion of span/30, these s l abs can reach 
a def lect ion of span/20 or more whi le sti l l 
retaining load-bearing capacity. A fai lure 
criterion of infinite rate of deformation is 
therefore more appropriate. Heat t ransfer 
ca lcu la t ions have not so far been very 
s u c c e s s f u l probably because the method 
needs to be more complex for concrete than 
for s tee l . 

Composite steel and concrete beams 
Tests have been carr ied out with both 
isosta t ic and hyperstat ic beams for varying 
condi t ions. S o m e large temperature 
gradients were measured in the s tee l , 
between the f langes and over the supports. 
A ca lcu la t ion of cr i t ical temperature 
assum ing a uniform temperature a c r o s s the 
sect ion is in reasonable agreement with the 
average of the temperatures measured on 
the upper and lower f langes. However, the 
ca lcu la t ion of the heat flow to the sect ion 
could be complex and has not yet been 
attempted. 

Single elements and frameworks 
Fire res is tance tes ts are normally carr ied out 
for s ingle e lements. The relat ionship 
between the behaviour of these e lements 
when supported in the test furnace and 
when instal led in a building is not wel l 
es tab l i shed. Work on loaded external 
co lumn and beam assemb l i es s h o w s greater 



In certa in c i r c u m s t a n c e s there are no fire 
res i s tance requi rements and the steel needs 
no protection. When protection is needed 
the fol lowing m e a s u r e s may be possible: 
• exploit ing the advantages of low s t ress , 

large mass iv i t y 
• p lacing e lements outs ide the building 
• cool ing e lements by automat ic water 

spray 
• cool ing hol low e lements by water fil l ing 
• p lacing s c r e e n s ( fa lse cei l ings, partit ions) 

between the element and the fire 
• c ladding the element with an insulat ing 

mater ia l . S u c h mater ia ls can be 
in tumescent paint, plaster, mineral fibre, 
cement , concrete. They can be applied 
alone or mixed, and sprayed, trowelled or 
in the form of boards. 

Steel without cladding 
Fire resistance of 
unprotected steel elements 
Where the per formance requirement is 
d ictated by building regulat ions then it is 
c lear that one must a im to provide a fire 
res i s tance of at least 30 minutes. For a given 
grade of steel and s t ress level, the fire 
res i s tance var ies inversely with the 'sect ion 
factor ' P/A m - 1, where A is the cross-sect ion 
a rea and P the exposed perimeter. Most steel 
e lements in common use have a sect ion 
factor of 250m - 1 or greater and for an 
unprotected mild steel element with the 
usua l des ign s t r e s s th is g ives a fire 
res i s tance of about 15 minutes when the 
element is sub jec ted to the standard fire 
res i s tance test. ( 'Massiv i ty ' is the inverse of 
the sect ion factor). 

To ach ieve larger periods of fire res is tance it 
is n e c e s s a r y to vary, either singly or in 
combinat ion, the sect ion factor, the s t ress 
level and the grade of s tee l . A column with 
P/A = 2 9 m - 1 (equivalent to a sol id 140mm 
square) would give 30 minutes fire res is tance 
P/A = 1 1 m - 1 (equivalent to a solid 360mm 
square ! ) would give 60 minutes (average 
temperature of 540°C)3 

The relat ionship between fire res is tance and 
s t r e s s level can be est imated fairly readily 
for e lements with uniform temperature 
distr ibut ion 2 . However, it h a s been observed 
in fire res i s tance tes ts that the temperature 
of steel beams var ies both along and a c r o s s 
the sect ion and fai lure may not occur even 
when the temperature of the lower f lange 
e x c e e d s 600°C. At the moment, s ince 
ca lcu la t ion methods a s s u m e a uniform 
temperature distr ibut ion, correct ion factors 
have been in t roduced 2 . 

Water cooling 
Water fil l ing of hol low sec t ions has become 
a wel l -accepted method of keeping steel 
cool without the use of c ladding. The main 
problems are the avo idance of dry pa tches 
of steel wh ich would overheat, and the 
provision of adequate water to replenish that 
which boiled away. A simply-f i l led co lumn 
without replenishment can provide over 30 
minutes fire res is tance , but not as much a s 
60 minutes. Ex is t ing s y s t e m s therefore 
usual ly incorporate storage tanks and a lso 
may provide ex t ra water by inter-connection 
of co lumns . Much interest has been shown 
in the possibi l i ty of using simply filled non-
replenished co lumns for two-or perhaps 
three-storey bui ldings, the water in the top 
storey being used to replace that boiled off 
should a fire occur in the lower storey. 
However, the l ikely flow pattern within the 
heated column is not wel l es tab l ished; it has 
been sugges ted , for example , that the two-
phase flow of s team bubbles and water 
could give r ise to surging and large water 
l osses . Ex is t ing da ta for two-phase flow 
have been obtained from tes ts with smal l 
d iameter pipes (of order 25mm) and cannot 
be extrapolated with conf idence to 

d iameters wh ich are an order larger. 
However, the ef fect is only likely to occur for 
large heat- inputs, when co lumns are heated 
over two or more storey heights. 
Design methods are avai lable for replen
ished water-cooled sys tems wh ich deal 
mainly with the a s s e s s m e n t of the amount of 
water s torage needed to replace the water 
boiled off, and the assoc ia ted supply 
s y s t e m s * T h e s e methods are related to 
exposure from the s tandard fire and take no 
account of how the fire might behave in 
pract ice. 

Concrete filling 
B e c a u s e of expans ion of the s tee l , there is 
negligible cool ing effect when hollow 
sec t ions are fi l led with concrete; thus the 
main st ructura l per formance in fire 
condi t ions is provided by the concrete core. 
A very large research programme has been 
completed but it has not been possib le to 
es tab l ish an ana ly t ica l design procedure. 
Some empir ica l re lat ionships are avai lable. 
Profiled steel sheet floors 
Profi led steel sheet may be used either as a 
non-composite shutter or as fully composi te 
flooring for reinforced concrete s labs . When 
used a s a compos i te floor it is diff icult to 
gain a c c e p t a n c e for more than Vz hour of fire 
res i s tance un less cladding is appl ied to the 
exposed face of the steel sheet or ext ra 
reinforcement is p laced in the concrete. 
There is a s yet no wide agreement on the 
way to design such f loors for fire res is tance. 
See a lso the sect ion on profiled steel sheet 
and concre te f loors. 
Low fire exposure - internal 
If the fire exposure inside a building is 
suf f ic ient ly low then it can be estab l ished 
that the steel e lements do not reach cr i t ical 
temperatures and the standard fire exposure 
is not relevant. The best known example is 
car parks where tes ts have demonstrated 
that a fire involving a motor car is smal l and 
is not l ikely to spread to ad jacent ca rs . In 
addit ion, s ta t i s t i cs indicate that the risk of 
fire occurr ing in a parked car is so low that it 
has not yet been quanti f ied. 
F i re exposure may be low because there is a 
smal l fire load in relation to the 
compartment s ize and venti lat ion. Methods 
of ca lcu la t ing the potential fire exposure 
already exis t and a method of est imat ing the 
distr ibution of sever i t ies of fire exposure in 
rooms (total burn-outs), using resul ts of fire 
load surveys , has been developed 5 . These 
a n a l y s e s could be combined with s ta t is t ica l 
data on acc identa l fire behaviour to provide 
an es t imate of the risk of a burn-out 
occurr ing. The benefic ial e f fec ts of 
automat ic spr inkler s y s t e m s could a lso be 
included. The types of low fire load buildings 
for wh ich s u c h an approach could be 
profitable are low-rise schoo ls , o f f ices, 
hospi ta ls , spor ts ha l ls and concourses in 
bus s ta t ions, train s tat ions and airports. 
Low fire exposure - external 
It is well es tab l ished that at certain posi t ions 
outside the facade of a building the fire 
exposure will be so low that c ladding of steel 
e lements is not needed. The external fire 
exposure var ies not only with posit ion but 
a l so with fire load, window area and shape, 
compartment a rea and shape. 
Design manua l s are avai lable to ca lcu la te 
the external fire exposure and the 
consequent s tee l temperature 6 7. The design 
method h a s been used to ca lcu la te an 
average temperature a c r o s s the sect ion, by 
analogy with interior steel e lements. 
Al though it w a s known that in pract ice there 
could be large temperature gradients there 
were no test data avai lable at that t ime 
which a s s e s s e d the importance of this 
ef fect . Later research with external 
co lumn/beam assemb l i es under load 
showed that mechan ica l stabi l i ty could be 

maintained even though local f lange 
temperatures up to 800°C were measured. 
Resu l t s such a s these, if general ized, could 
greatly extend the design method. In the 
original ana l ys i s of external fire e x p o s u r e 8 

conservat ive assumpt ions were made about 
wind e f fec ts because of the lack of test data. 
More information about the e f fec ts of 
through draughts would be valuable. 

No requirements for fire resistance 
There are certa in c i r cums tances where it is 
general ly agreed that fire res is tance is not 
needed on the grounds of life safety: for 
example , single-storey bui ldings and roof 
s t ruc tures are not usual ly required by 
regulat ions to have fire res is tance if the 
e s c a p e routes are adequate and there is 
little risk of fire spread to adjacent buildings. 
In other c i r cums tances , however, fire re
s i s t ance requirements are made without any 
c lear indicat ion whether these are for the 
protection of the occupan ts of the building, 
or to a s s i s t the Fi re Br igade to control the 
fire. There is a tendency to a s s u m e that 
providing fire res i s tance for every element of 
structure must automat ica l ly increase safety 
for the occupan ts , when in fact other 
measu res , such a s smoke control or 
automat ic spr ink lers, could be more 
ef fect ive. However, it is diff icult to ana lyze 
the problems and find the best so lu t ions 
when the purpose of the regulat ions is not 
made expl ic i t . There is no agreed bas i s 
avai lab le wh ich def ines acceptab le levels of 
fire safety for s t ruc tures , taking into account 
the se r i ousness of the consequences of 
s t ructural fai lure for either life or property. 
It is by no means c lear ly es tab l ished what 
the per formance of each element of 
st ructure should be during the course of a 
fire. For example, is it necessary for each 
element of wind bracing to be protected? Is 
the loading during the course of the fire 
changing s igni f icant ly - either for the better 
or for the worse? It h a s been suggested that 
if the wal l and roof panels of an industr ial 
building are destroyed quickly by fire, then 
the steel f rame is very under-st ressed and 
c a n survive without c ladding. Th i s would 
certainly expla in why unprotected portal 
f rames in pract ice behave better than could 
be expected when exposed to acc identa l 
f ires. A design method for unprotected portal 
f rames is ava i lab le 9 . 
Steel with cladding 

In the select ion of a material for fire 
c ladding, the designer takes into account 
the fol lowing factors: 

• suitabl i l i ty for use and method of 
instal lat ion (archi tectural , environmental , 
technica l and economic aspec ts ) 

• t h i ckness of the c ladding according to the 
fire res is tance required (whether by test or 
by ca lcu lat ion method) 

• ma in tenance of i ts integrity and insulat ing 
propert ies. 

Results of standard fire resistance tests 
In principle the designer cons iders two 
aspec t s : 

• the heat t ransmiss ion through the 
c ladding material and the consequent 
temperature r ise of the steel 

• the structural behaviour of the heated 
steel element and the temperature or 
temperature distr ibution at wh ich a 
cr i t ical condit ion occu rs 

and for these the necessary data must be 
provided by tes ts . In pract ice, the only 
information likely to be avai lable is the result 
of a s tandard fire res is tance test which gives 
the fai lure time for a spec i f ic steel element 
protected by a certa in th ickness of a spec i f i c 
mater ia l . It is diff icult to separate out the 
information needed if the resul ts of the test 
are to be applied more generally to a s s e s s . 

Early examples 
of precedent and intuition 

Fig. 1 
Temple ga teway near Can ton 
cen tu r ies of precedent 
embodied in an 8th century 
bui lding code 

Fig. 2 
An-Chi Br idge 
a c r o s s C h i a o Shu i River -
eng ineer 's intuit ion 
of the s a m e period 

The arch bridge bears a c lose resemblance 
to Lu tyens ' Runnymede bridge of 1935 
(though the connect ion is not thought 
deliberate) and a lso with Arups ' own bridge 
at Runnymede (which del iberately con
strained itself within the earl ier precedents 
though not without modif icat ion). 
Substitution of new materials: 
Unaware of the Ch inese precedent, intuitive 
des igns for br idges appeared in Europe 
much later - Leonardo 's temporary bridge 
of 1490 and Renn ie ' s Wye Br idge at 
Cheps tow are good examp les . 
When it w a s decided to bridge the Severn at 
Coalbrookdale, the natural cho ice of 
material w a s masonry. But Coalbrookdale 
w a s the centre of iron making in Eng land in 
the 18th century and the archi tect T h o m a s 
Pr i tchard sought the cho ice of one 'iron-
mad ' Wi lk inson. Not surpr is ingly the bridge 
w a s built of c a s t iron, wh ich at least 
i l lustrates how arch i tec ts can be af fected by 
pass ion . The bridge is a good example of 
how a new mater ia l - in this c a s e cas t iron 
- is merely subst i tuted in a solut ion for 
wh ich a precedent already ex i s t s . The link in 
th is c a s e is the pattern maker whose ski l l in 
forming the cas t ing moulds para l le ls his 
abil ity to manufacture timber centr ing. 

Bridge design 

Fig. 3 
Runnymede Br idge by Lu t yens 1 9 3 5 -
Precedents 
(Photo: Ove Arup & Par tners) 
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Fig. 4 
Runnymede Br idge by Arups 1979 
Preceden ts with a cer ta in s ty le 
(Photo: Ove Arup & Par tners) 

Fig. 5 
Longdon-on-Tern aqueduct 
by Tel ford 1 7 9 5 -
an intuit ive tr ial of c a s t iron 
for a greater project 

Fig. 6 
Pont -Cysy l l te aqueduct by Telford 1795-1803-
Hai led by S i r Wal ter Scot t a s the greatest work 
of art he had ever s e e n 
(Photo: Arch i tec tu ra l Assoc ia t i on ) 



The skeletal frame 

• 

Fig. 7 Fig. 8 
S h e e r n e s s Boat Store Albert Dock bui ld ings in 
by C o l . Green 1858-60 Liverpool by Hart ley 1848 

the Doric C o l u m n s are c as t iron the f rame emerges 

Intuition and the first iron frames: 
T h e first iron f rame bui ldings in Eng land had 
no real arch i tectura l precedents except in 
the external wa l l s and the en tas is of the cas t 
iron co lumns . Ear ly examp les are at Milford 
1792-3, Shrewsbury 1796-7, Sal ford 1899-01, 
Leeds 1802-3 and Belper 1803-4. 
The use of iron spread to the external wa l l s 
a s in Arkwr ight 's Masson Mill, Cranford, 
1783, the cas t iron Doric co lumns in 
Har t ley 's Liverpool Dock, 1845, and the boat 
s tore at S h e e r n e s s , 1858-60. In each c a s e , 
however, e lements of the iron construct ion 
were const ra ined by precedents developed 
rat ional ly in other mater ia ls . 
The metamorphosis of the column: 
The t rabeated form of archi tecture (column 
and lintel) w a s derived for masonry 
const ruct ion by Greek intuition. The pract ice 
of shap ing the co lumns to suit the 
perspect ive from which bui ldings were most 
frequently v iewed and the decorat ion to the 
co lumn capi to ls and sha f t s became 
embodied in str ict 'orders ' wh ich were 
writ ten down and i l lustrated. T h a n k s to 
Vi t ruvius, the rules were preserved so that by 
the t ime Europe had emerged into the 
R e n a i s s a n c e , there w a s an es tab l ished 
precedent for the appearance of co lumns. 
When masonry w a s replaced by a new 
mater ia l , cas t iron, des igners found it hard to 
break with convent ion. Hence J e s s e 
Har t ley 's cas t iron co lumns at Liverpool 
dock, already ment ioned, al though 
handsome, were stone look-al ikes. And in 
the first iron-framed bui ldings, the cast- i ron 
co lumns remain const ra ined by precedent. 
The reason not to break convent ion is 
unclear. Poss ib ly it w a s the fact that a 
co lumn is a plain af fa i r as def ined by 
funct ion. The link that a l lowed the precedent 
to be fol lowed w a s the technology of t imber 
- used a s patterns by both masons and iron 
founders. 
Not knowing how to deal with co lumnar 
e lements s e e m s to have pers isted a s a 
problem, for we find many otherwise 
funct ional ob jects having c l ass i ca l embel
l i shments . Even Robert S tephenson 
succumbed . In 1830, one of the locomot ives 
he designed, The Northumbrian, w a s put into 
serv ice resplendent with a Corinthian f luted 
chimney. 
The des igner 's d i lemma in defining an 
intuitive solut ion in cas t iron w a s only rarely 
solved elegantly. By 1874-75, Jab rous te w a s 
ab le to def ine an al t ru ist ic form for the cas t 
iron column in the second of his library 
bui ldings - the National Library. Gone is the 
ornamentat ion and the iron foliage. Instead 
the co lumns merge with the domes they 
support and the form exp resses the pro
c e s s e s of rolling and forging involved in their 
manufacture. Only the shaf t remains fluted 
a s a throw-back to earl ier precedent. 
A s we shal l see later the problem of the 
co lumn w a s more general ly overcome 
because of two factors - f irstly the need for 
fire protection; secondly and more important 
the fact that concrete and steel had become 
widely avai lable by the 1890s and these did 
not permit the easy copying of Greek order. 

Railways and the ecclesiologists hit back 
The rapid development of the rai lway from 
1825 onwards gave engineers rather than 
arch i tec ts the c h a n c e to produce iron 
s t ruc tures for an entirely novel set of require
ments and this they did. L ime Street, 
Liverpool 1836, Eus ton , the Trijunct at Derby, 
Temple Meads and York are al l early 
examp les . Th i s new-found opportunity to 
derive new and appropriate solut ions in new 
mater ia ls and for new uses did not go 
unchal lenged. How dare c l ass i ca l sty le be 
ignored. Pugin in his 'Apology for the Revival 
of Pointed or Chr is t ian Archi tecture ' felt that 

28 the Tudor embel l i shments to Brunei 's Temple 

' M r i F i , , 
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Meads Stat ion, despi te their theoret ical 
re levance to the hammer beam roof of the 
shed , give the edi f ice the air of a 'mere 
car icature ' ; 'mock caste l la ted work, sh ie lds 
without bear ings, ugly mouldings, no-
meaning project ions and al l sor ts of 
unaccountab le breaks . . . make up a design 
at once cost ly and of fensive and full of 
pretensions'. Clear ly heresy must be 
s tamped out. T h u s did the Chr is t ian 
Funct iona l is t give his verdict on what w a s 
certainly 'engineers ' architecture'. 

The skyscraper is born 
Notwithstanding such attempted divine 
interventions the use of metal f rames pro
gressed, if only slowly. By the middle of the 
18th century, iron had been used in 
commerc ia l bui ldings on both s ides of the 
At lant ic: J a m a i c a St. , G lasgow and Oriel 
Chambers in Liverpool (whence the oriel 
window) and bui ldings by Bogardus and the 
Badger in New York ( including the Ot is 
Bui lding contain ing the first public lift.) 
Bogardus ' bui ldings caught on fast as they 
were avai lable ex-stock in kit form and it took 
the concer ted efforts of the New York 
Arch i tec ts to have fire codes changed 
effect ively to put an end to his chal lenge to 
their province. 

About this t ime the initiative in building 
frame design c rossed the At lant ic, 
germinated, then took a leap forward with 
the manufacture of steel sec t ions which, 
unlike their iron antecedents , were of higher 
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Fig. 9 
Guaran ty Bu i ld ing, Bu f fa lo , U S A 
1894-95, f acade 

Fig. 10 
She l l Mex House 1 9 3 3 - Port land S tone 
quar r ies hung on s tee l f r ames a s 
a rch i tec tu re is sac r i f i ced on the 
a l tar of s t ruc tura l engineer ing 
(Photo: Arch i tec tura l Assoc ia t i on ) 

strength part icular ly in tension. Adler and 
Sul l ivan are usual ly credited with designing 
the bui ldings which are regarded a s the first 
modern steel f rames - the C a s s o n Bui ld ing 
and the Pir ie and Scot t Bui ld ing, both in 
Chicago, and The Guaranty Building, Buffa lo. 
Engineers' architecture and more conflict 
with precedent: 
Meanwh i le eng ineers were f inding other 
novel appl icat ions for which no archi tectura l 
precedent ex is ted. 
Be tween 1795 and 1803 Telford const ructed 
the Pont Cysy l l te aqueduct carry ing the 
E l lesmere cana l over the River Dee near 
L langol len. The form of the iron trough 
spann ing the masonry co lumns is s impl ic i ty 
itself, echoing only the loads being res is ted , 
and has no formal memor ies. Sir Walter 
Scot t ca l led it: 'The greatest work of art he 
had ever seen ' - pra ise indeed. Incidently 
the work of art w a s only produced after 
Telford had success fu l l y tried out the design 
on much more modest sca le at Longdon-on-
Tern in 1795. 

Then c a m e the Forth Bridge designed by 
Mess rs . Fowler and Baker, built between 
1883 and 1889 and representing a s c a l e 
change in the possib i l i t ies of steelwork 
const ruct ion. It too at t racted influential 
c r i t ics . Wi l l iam Morris sa id 'There never 
would be an archi tecture of iron, every 
improvement in machinery being higher and 
higher until they reach the supremest 
spec imen of all ug l iness - the Forth Bridge'. 

Fire protection 
Margaret Law 
Introduction 
In 1980, Ove Arup and Partners and C B L I A 
(Centre Be lge-Luxembourgeois d' lnforma-
tion de I'Acier) completed a joint study of 
research into the behaviour of s t ructura l 
steel e lements exposed to fire. The study 
w a s f inanced by the European Coa l and 
Steel Communi ty ( E C S C ) with the purpose of 
identifying priorit ies for research in the field 
of fire safe ty of building construct ion. We 
interpreted the broad purpose of E C S C -
funded research to be to increase the use of 
steel in bui lding. We therefore tried to 
identify not only obs tac les to the use of steel 
but a lso c i r c u m s t a n c e s favouring its use. 
Th i s note summar i zes our f indings and 
inc ludes some later information. 
Behaviour of steel in fire 
A s with other structural mater ia ls , the 
mechan ica l propert ies (tensi le strength, 
yield strength and Young's modulus) 
dec rease with temperature. Va lues have 
been codif ied for design? Mild steel , pro
vided it h a s not exceeded a temperature of 
about 900°C, recovers most of its strength 
op cool ing. 

The heated s tee l element will fail when the 
yield s t ress d e c r e a s e s to the va lue of the 
working s t r ess . (Th is can alter with the 
formation of p last ic hinges.) The steel 
temperature at th is moment is defined a s the 
cr i t ical temperature. It depends essent ia l l y 
on the loading, the degree of restraint, the 
end condi t ions, and the type of s tee l . It is 
therefore a m is take to define a s ingle value, 
540°C for example , for the cr i t ical 
temperature of s tee l . 
Before the element at ta ins its cr i t ica l tem
perature, it c a n deform under the e f fec ts of 

expans ion and reduction of Young 's 
modulus c a u s e d by inc rease of temperature 
and/or temperature gradients in the sect ion. 
In f i res larger def lect ions than normal can be 
accep ted , general ly at least span/30. 
B e c a u s e of its high thermal conductivity, 
uniform temperatures are attained rapidly in 
many s tee l sec t ions . For a given rate of 
heating, a heavy sect ion wil l heat up more 
slowly than a light one; the massiv i ty of the 
sect ion (volume in relation to exposed 
sur face area) h a s a s igni f icant effect on i ts 
per formance in fire. 

It 

Figs. 1-2 
The Centre Pompidou, Pa r i s . 
Arch i tec ts : P iano & Rogers 
(Photos: Ove Arup & Partners) 

Steel structures and fire safety 
There is no ev idence to suggest that in 
bui ldings des igned to modern s tandards of 
construct ion, the structural mater ia l itself 
has an ef fect on the life risk, i.e. there is no 
reason to bel ieve that a person in a modern 
steel- framed building is more likely to suf fer 
injury or death by fire than a person in a 
modern building of concrete, brick, wood or 
masonry const ruct ion. 
Most major property l osses in f i res are those 
in industr ial bui ld ings - wa rehouses and 
large production and storage a r e a s - and it 
is the loss or damage of the contents wh ich 
makes up the main cost of the fire. The 
c a u s e s of fire spread include such features 
a s combust ib le mater ia ls on wal l and roof 
su r faces , delay in detect ion, lack of compart-
mentat ion and poor detai ls at junct ions of 
compar tments . There is no reason to bel ieve 
that the use of steel construct ion is more 
likely to lead to these major fire l osses . 

Fire protection of steel 
Properly des igned steel construct ion c a n 
give adequate fire res is tance and in many 
s i tuat ions subsequent repair, part icular ly for 
mild steel , is a s imple operation. In certa in 
c i r cums tances very little fire res is tance may 
be needed, either because the potential fire 
exposure can be demonstrated to be low or 
because the s tee l can be sacr i f i ced in the 
event of fire without prejudice to the overal l 
fire safety object ives. 

Normally, it is necessary to design the 
e lements so that the steel does not reach its 
cr i t ical temperature within the fire res is
tance period imposed by regulat ions. Regu
lat ions take into account exper ience of 
bui lding f i res and , in a somewha t arbi trary 
way, the nature, height and use of the 
building. The periods of fire res i s tance speci 
fied range from a half hour to two hours, or 
even four hours for certain locat ions deemed 
to be part icular ly dangerous. 

1 
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need to be carefu l , a s recent developments 
in automated fabr icat ion p rocesses are in 
part chang ing the scene , and are making 
seemingly more complex fabr icated shapes 
more economica l through reduction in 
weight. 

Again measurement methods and contract 
procedures must be considered as part of 
the design cr i ter ia. Cons t rado have recently 
(perhaps belatedly) publ ished the result of 
independent a s s e s s m e n t s on several c a s e 
s tudies which show steel-framed bui ldings 
to give very cons iderab le sav ings in t ime 
over any reinforced concrete a l ternat ives, 
but much would depend on the contract 
procedures adopted, for it can very eas i ly be 
shown that in many c a s e s to ach ieve the 
sav ings in t ime, steelwork sub-contracts 
have to be let before the main contract , 
committ ing the cl ient to a p rocess which he 
might not want. New forms of contract such 
as the J C T 80 in the UK are making 
nominated sub-cont rac ts less attract ive to 
c l ients, and there are vested interests wh ich 
make it harder for the consul t ing engineer to 
overcome res i s tance to organizing cont rac ts 
in some other form to overcome this. In my 
view this is someth ing we must watch very 
carefully, part icular ly a s there are s igns that 

fabr icators do not like quoting main contrac
tors for steel sub-contracts , a s they cannot 
be sure they are quoting to al l the main 
contract tenderers, and are certa in to incur 
far greater tendering cos ts , which will of 
course have to be passed on to the c l ients. 
Compl ica ted measurement is often em
ployed, even for very smal l works, and 
inequitable condi t ions of contract imposed 
on the smal l man. Recent examp les of this 
on a sma l l steelwork sub-contract have pro
duced tender f igures perhaps three t imes a s 
high a s might be normal. By and large, this 
kind of di f f iculty does not apply to reinforced 
concrete work, and so we have to be carefu l 
to ensure that the right procedure be used if 
the overall a im is to be achieved. 
Two new graduates from different univer
s i t ies in the UK were interviewed recently to 
see if their c o u r s e s were perhaps b iased 
towards concrete, rather than steel , and it 
w a s quite encouraging to d iscover that there 
w a s no b ias . Both left university equally in
exper ienced in the two mater ia ls . However, it 
is plain, certa in ly in the UK, that from that 
s tage forward famil iari ty with steel does not 
come easi ly. We have recently completed the 
design of a large and complex phar
maceut ica l research laboratory, and this w a s 

ent i rely a s tee l so lut ion, with l ightweight 
steel or a lumin ium cladding. At one s tage, 
for planning and other reasons , the 
c laddings to a two-storey of f ice block were 
changed to brick, and the f rame changed to 
concrete, because the archi tect preferred 
detai l ing brick supported by concrete rather 
than by s tee l . Th i s i l lustrates that con
s iderable effort is needed to change that 
conf idence factor, and a lso the obvious point 
that, taken together, a decis ion for steel 
c ladding and steel f rames s e e m s 'right' 
whereas the heavy c ladding seems 'wrong'. 
W h y ? 

The quest ion of fire protection is fun
damenta l . The addit ion of mineral fibre 
sp rays or dry c ladd ings, etc., i nc reases the 
cost of the f rame by more than 3 0 % in the 
UK, al though this perhaps represents only 
around 1 2 % of the total cost of the 
structure, including f loors. In the U S A the 
inc rease is l ess because , presumably, there 
is far more competi t ion in the f ireproofing 
market. Within the fireproofing element, by 
far the largest element is for treating the 
beams ( 7 0 - 7 5 % ) a s opposed to the 
co lumns. If we can do something to reduce 
the beam element, we may ach ieve 
worthwhi le sav ings . 

Fig. 3 
Hall 7, Nat ional Exhib i t ion Centre 
B i rmingham: a s u c c e s s f u l use of 
exposed structural s teelwork 
Arch i tec ts : Edward D. Mil ls and Par tners 
(Photo: Ove Arup & Partners) 

Conclusions 
There is much evidence to suggest that steel 
a s a mater ia l is now relatively cheaper than 
it has been for some time, and is far more 
readily avai lab le. There is a growing demand 
from d iscern ing c l ients and spec i f ie rs to 
take account of th is, and we should seize the 
opportunity to promote its use in those 
c a s e s where we can gain advantage for our 
c l ients. It could be quite a potent weapon in 
our armoury. 
There are, however, some obs tac les in the 
way of the speci f ier and contractor in using 
steel . Many of these should be quite easy to 
reduce or even el iminate with the right 

approach. There is nothing magic about 
designing in s tee l , but rather it is a s imple 
quest ion of educat ion and training. The 
industry h a s lost a considerable amount of 
exper ienced people over the years , and we 
must examine how we are going to fit into, or 
even adapt to future needs. 
In designing in s tee l , we must not lose sight 
of the whole. Th i s is true of any mater ia l , but 
in the present s ta te of the art, it is 
part icular ly so for s tee l . We have seen how 
contract matters, quest ions of measurement 
est imat ing, and speed of construct ion are all 
major factors in the design process. 

The life cycle of the intuitive process: illustrated by the work of Labrouste 

• 

• 

Fig. 11 
St. Genev ieve Library 1 8 4 3 - banded 
barrel vau l ts in s tone replaced by 
banded barrel vau l ts in cas t iron 
(Photo: Arch i tec tura l Assoc ia t i on ) 

Fig. 12 
Bib l io theque Nat iona le 1862-8 
the a r c h e s wh ich combine to support 
the domes give ornamentat ion from the •am 
geometry. T h e f luted cas t iron co lumns 
remain inhibi ted by the tradit ion 
of s tone. (Photo: R a b Bennet ts ) 

Misplaced precedent 

Fig. 13 
Northumbrian 1830 
embel l i shed with S t e p h e n s o n ' s 
Cor in th ian f lut ing to the ch imney 

Good stuff. Baker replied at the Edinburgh 
Literary Insti tute. He expressed doubts a s to 
whether Morris had the faintest knowledge 
of the dut ies wh ich the great structure had to 
perform. How then could he judge the 
impression wh ich it made upon those that 
could appreciate the direct ion of the l ines of 
s t ress and the f i tness of the several 
members to res is t the fo rces? Probably, 
Baker went on, 'Mr. Morris would judge the 
beauty of a design from the s a m e 
standpoint, whether it w a s for a bridge a mile 
long or for a si lver ch imney ornament. It is 
impossib le for anyone to pronounce 
authoritat ively without knowing its 
functions. The marble co lumns of the 
Parthenon are beauti ful where they stand 
but if we used it a s a funnel for an At lant ic 
liner, it would to my mind c e a s e to be 
beautiful but of course Mr. Morris may think 
otherwise'. 

The dangers of new technology 
New technology could no longer be ignored 
by those support ing precedent, partly 
because technology had to be compre
hended in order to at tack it and partly 
because the technolog is ts themse lves were 
not above abus ing their new found talent. 
Benjamin Baker w a s very well aware of this. 
His great d ictum w a s that all theoret ical 
ca lcu la t ions involved assumpt ions that were 
often convenient rather than true; that they 
could be valuable a s a check but d isas t rous 
if accepted with blind faith. Technology, he 

Fig. 14 
Emperor Hirohito of J a p a n (left) with 
h is chief of s ta f f inspect ing sound 
de tec tors for locat ing enemy a i rcra f t , 
O s a k a 1934 

held, w a s of little value un less it w a s 
accompan ied by pract ica l exper ience, sound 
judgement and bold init iative. 
Other protagonists of new technology were 
tolerated more sympathet ical ly. Perhaps the 
forms were less outrageous even if 
precedents were absent . Bur ton 's 
greenhouse at Kew and Pax ton ' s work at 
Chatswor th and the resul ts at the Crys ta l 
P a l a c e are test imony to this. S tephenson 's 
Br i tannia Bridge w a s much admired. (Th is 
itself has been ruined by the intervention of 
an unsympathet ic technological repair.) 
A point had been reached where, for many 
s t ructures, the archi tecture w a s derived from 
the engineer ing. 

Without the development of archi tectura l 
forms relevant to new technology, the 
pendulum could swing even further from 
precedent but a lso away from the intuition 
Baker recognized towards the god of 
ana ly t ica l methods. Shel l Mex House, built 
in 1933, w a s descr ibed a s archi tecture 
sacr i f i ced on the altar of structural engineer
ing, and the new wave of bui ldings a s 
Port land Stone quarr ies hung on s tee l 
f rames. 
But even the epitome of advanced 
technology, the explorat ion of space , s h o w s 
us that the world of precendent remains al ive 
and wel l , a s compar ison of R u s s i a n and 
Amer ican man landing veh ic les demon
st ra tes. The Northrop Corporat ion 1966 lunar 
vehicle is straight out of D isney land. 

Lunokhod 1, which landed on the moon in 
1970 looks like a tradit ional samovar. The 
r ise of the corporate cl ient h a s a lso brought 
with it new problems for the designer. The 
principal of these is his inabil ity to deal with 
the totality of the design problem. He now 
f inds himself pari passu with the execut ive in 
a n iche in his c l ient 's hierarchy. The very 
e s s e n c e of design is the need to t ranscend 
art i f icial ly created boundar ies. The threat of 
the corporate cl ient is the precedence of his 
own organizat ion. Un less great care is taken, 
an intuitive design approach can c a u s e 
ruct ions. We have not yet learned how best 
to relate to the large corporate organizat ion 
and yet sti l l retain our ability to innovate. 
Coda 1 and 2 
Derek summed up h is talk in two thoughts: 
(1) Most a rch i tec ts ' work and most of our 
work is concerned with bui ldings which lie in 
sca le between the house and the tower or 
bridge where the structure is dominant. At 
this in-between s c a l e , whether structure is 
expressed or not is a funct ion of the 
arch i tec t 's personal morality of form. What 
we find to day is a sea rch for originality 
where many of our luminaires ca s t light only 
on themse lves , leaving pr inciples in the dark. 
Lack ing originality, there is an obedience to, 
but not a l istening to the precedent. 
Remember B lake: 'we are led to believe in a 
lie when we see with, not through, the eye'. 
The engineer for his part with h is now very 
powerful analy t ica l tools - the new a l ta rs of 
our profession - is probably sacr i f i c ing his 
intuition at an a larming pace, encouraged by 
the academ ics with wh ich he spends the 
most formative years of his life. 
The charac te r i s t i cs sought today are those 
of performance, heat, light, sound , durability, 
adaptabi l i ty and so on. A s we seek to spec i fy 
them to define our p laces , we remove 
ourse lves from the reality of the mater ia ls 
themselves. 
A s we remove ourse lves from the mater ia ls , 
we remove ourselves from the forms they 
take and thence from the development of 
any structural intuition. 
(2) In the construct ion industry, new 
mater ia ls and their fabr icated e lements 
replace or subst i tute for old mater ia ls . The 
form of the new cop ies the form of the old. 
Arch bridges in stone are replaced by arch 
bridges in cas t iron; cas t iron baths by 
p last ic baths in exact ly the s a m e form. 
In the St . Genev ieve Library, 1843, Labrous te 
replaced banded barrel vaul ts in stone by 
banded barrel vaul ts in cas t iron. The deta i ls 
of the a rches c lear ly indicate they were 
cas t ' and the joints di f ferent iate for us what 

w a s made off-site from that connected on-
si te. 
At the time Labrouste designed the National 
L ibrary in 1862-8, cheap puddled wrought 
iron w a s avai lable. Here the a r ches which 
combine to support and def ine the domes 
have a completely different express ion . The 
parts are clear ly rolled or hammered and 
rivetted together. P r o c e s s and engineering 
are evident with ornamentat ion from the 
geometry of the parts and no ca s t fol iage a s 
in the first library. The column remains cas t 
iron fluted and with an Ionic Cap i ta l - or 
one could say it remains inhibited, like all 
19th century co lumns, by the tradit ion of 
stone. 
Reprise 

The theme d i lemma - precedent v. intuition 
- remains unresolved. But we are more self-
aware. One wonders whether such self-
a w a r e n e s s is inhibit ing. The next t ime you 
are detai l ing a concrete column to resemble 
the steel co lumn the archi tect really wanted 
if only the fire regulat ions permitted, will you 
be daunted? And will you be able to conv ince 
your peers of the wisdom of precedent and 
the need for intuit ion? 29 



Industrial building: 
Report from 
Birmingham 
Robert Greenwood 
Peter Handley 

Introduction 
Birmingham Off ice has been involved in a 
large number of s ingle storey industr ial 
bui ldings. These have ranged from sma l l 
ex tens ions of 2 0 0 m 2 for family-owned B lack 
Country bus i nesses to a 20,000m 2 ware
house at Coventry. 

Planning 
Our exper ience has emphas ized the need for 
good planning and real is t ic pr ices. Indus
t r ia l is ts in the West Midlands want two bas i c 
features for their b u i l d i n g s - a strong floor 
and a good roof that won't leak. 
Good planning means designing a building 
for its immediate use whi lst ensur ing that it 
wi l l hold its value in the market p lace. 
Planning a lso means careful ly balancing the 
min imum cost of construct ion with the 
future was te of money if the faci l i ty fa i l s to 
be adaptable or f lexible. 
An adaptable building will accept re-
planning of storage or re-organizing of 
production. A f lexible building wil l cope with 
expans ion or al terat ion. 
The 20,000m 2 warehouse we designed at 
Coventry Trading Es ta te (Job No. 6670) five 
yea rs ago has already been used by Talbot 
a s a 'knock down' production line for 
export ing c a r s to Iran. It is now used a s their 
nat ional distr ibution centre. It can , if needed 
in the future be sub-divided into a number of 
smal ler units. 

Adequate provision must a lways be made for 
serv ice loads and some spare capac i ty is 
a l w a y s desirable - but there is rarely any 
need to provide for production loads. 
Equipment and mater ia l handl ing can 
a lways be supported on a separa te 
structure. T h i s w a s done at Coventry and 
a lso at Aldr idge when a high level barrel-
fi l l ing operation had to be included. 

Layout 
Structura l cos t s increase with the span 
chosen . For light industry and smal l product 
storage, 15 to 30m s tanch ion spac ing is 
sui table. Medium production and general 
warehous ing usual ly require s p a n s of 24 to 
36m. Heavy industr ies and high/dense 
warehous ing often need s p a n s up to 50m. 

Selected examples 
A s p e c t s of design and detai l ing can be high
lighted by examp les of B i rmingham 
designed projects. 

A lexander Duckham and Co . Ltd. at Aldridge 
(Job No. 6619) required a new warehouse and 
fi l l ing shop of about 6 ,000m 2 a rea with a 
c lear height of 10m and with a flat roof. We 
were appointed a s prime agents with total 
design responsibi l i ty for al l a s p e c t s except 
the plant. The building h a s a st ructural grid 
of 15m x 12m and we designed warren 
braced welded angle t russes at 6m cent res 
with Multibeams a s purl ins. Universa l 
co lumn s tanch ions were used internally but 
a s a 4-hour fire rating w a s required at wa l l s , 
the perimeter co lumns were of precast 
concrete. The supports for the barrel loading 
a rea served by conveyors required 40 beams 
of 15m span and here it w a s most 
economica l to use caste l la ted universal 
beams. The building w a s fully braced with 
ang les at roof level but the s ide bracing w a s 

Fig. 1 Coventry Trading 
Estate from the air. 
Archi tects: W.S. Hattrell 
& Partners 

Fig. 2 Coventry Trading 
Estate: structure after 
fire which led to 
provision of new 
building 

Fig. 3 Warehouse 
Alexander Duckham 
and Co. Ltd. Archi tects: 
Harper, Fair ley 
Partnership 

42mm diameter rod in Grade 50 steel with 
High strength friction grip bolt connect ions. 
The ent rance canopy edge beam is a 30m 
span box girder. 

The former Armstrong Whitworth Aircraf t 
Factory at Coventry is now Coventry Trading 
Es ta te . Th is is a very long building with a 
width of 110m, having two s p a n s of 30m and 
one of 40m, and the roof is of steel angle 
riveted const ruct ion. A s the result of a major 
fire near the centre of the building, we were 
appointed for two structural cont racts . 
Rather than rebuild on the s a m e area the 
cl ient decided to have new gable ends to the 
parts wh ich were saved from the fire (Job 
6591) and then provide a new separate 
buildinn ' J o b 6670). For the two gable ends it 

w a s necessa ry to repair some of the main 
val ley girders and the best solut ion w a s 
provided by the s i te welding of new angle 
members. To stabi l ize the gable ends , props 
of rectangular hollow sec t ions were used. 
The replacement building is 260m long x 75m 
wide with internal s tanch ions on a 20mx15m 
grid. Al though we normally find that welded 
steel t r u s s e s are the most economica l for 
this s ize of grid, we used p last ica l ly 
designed portal f rames and valley beams 
and the brac ings were c i rcu lar hollow 
sec t ions . The portal f rames will a l low easy 
const ruct ion of sub-division wa l l s for any 
future re-organization. 
At Icknield Port Road , B i rmingham (Job 
6669), a number of 18m span steeply pi tched 
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Stee lmakers have had to make a real effort 
to be more productive, part icular ly in the UK 
where overmanning w a s ser ious, and market 
forces have ensured that steel pr ices are 
now cheaper than they have been for a long 
time, in compar ison to the main competi t ion 
of concrete. F igu res show the change in the 
last few years to be quite dramat ic , no doubt 
even to an art i f ic ial extent because of 
government subs id ies of one kind or another. 
Certain ly in the U S A and the main E E C 
countr ies, s tee l is being sold at a loss , but 
even if th is changes , it sti l l s e e m s likely that 
overcapaci ty wil l keep pr ices down to make 
steel more competi t ive than in recent years , 
and supply problems are unlikely to be a s 
diff icult for some t ime to come. 
So for the first t ime in many years , we find 
ourse lves in a posit ion where price and 
supply i s s u e s are such that steel is a 
mater ia l wh ich must be considered more 
seriously, part icular ly a s many c l ients or 
purchasers of construct ion are far more 
act ively demanding s tee l , and are examin ing 
al ternat ive design and contract arrange
ments to ach ieve better resul ts . If we do not 
more act ively make steel one of our design 
sk i l l s , we will be doing both ourse lves and 
our c l ients a d isserv ice . 
Obstacles to the use of steel 
The mater ia l condi t ions mentioned 
previously are clear ly not the only reasons 
why use of s t ructural s tee ls decl ined in 
many of the world markets. Pr ice and supply 
di f f icul t ies played their part, but many other 
factors a l so were of great s ign i f i cance. 
Even in f ie lds of activity where steel is a 
natural ,- things can go wrong wh ich change 
the economic or technica l ba lance. A s an 
example we have only to think about the box 
girder bridge. After the Second World War a 
mass ive bridge building effort had to be 
undertaken in Germany to replace the 
hundreds of major s t ruc tures destroyed or 
damaged, and the elegant and economica l 
box girder steel bridge emerged a s a domi
nant solut ion. Some 10 years or so ago the 
posit ion w a s changed by the ser ies of 
fa i lures in box girders, partly brought about 
by a lack of understanding of both material 
and geometr ical instabi l i ty in the thin plates. 
The reasons were of course complex, but 
never the less one of the resu l ts w a s a new 
set of des ign rules (quite understandably) 
imposed on des igners , which for a whi le 
tipped the ba lance of economy away from 
box girders to plate girders and even to 
concrete. For a whi le, in the UK and else
where, there w a s a dearth of steel bridge 

des igns, and des igners were lost to other 
d isc ip l ines. Lack of understanding and 
provision for ma in tenance probably a lso 
caused the pendulum to swing away from 
stee l . In recent years , accep tance of 
weather ing s tee ls and the publ icat ion of far 
s impler codes and ru les have swung the 
pendulum back, a s have problems being 
encountered in the life of concrete f in ishes. 

In multi-storey bui ld ings the pendulum had 
started to swing against steel much earlier. 
A s for br idges, regulat ions of one kind or 
another were a contr ibution in the p rocess , 
but mainly covering other problems such a s 
fire protection. In some parts of the world, 
fire regulat ions are not very onerous, or 
perhaps not enforced, with the result that 
steel f rames do not have to carry the 
addit ional cost and time penalty of 
encasement in concrete, spray coat ings or 
dry l inings. In some countr ies such a s the UK 
it would be held that fire regulat ions are too 
severe, or perhaps unreasonably interpreted, 
adding unnecessar i l y to the cost of steel 
s t ructures. We probably can all quote 
examp les of that, and certainly many of us 
must have felt from time to time that more 
research is needed to understand better 
what happens to s tee l bui ldings in f i res -
not just isolated members making up 
f rames. In Ove Arup & Par tners , we are in a 
better posit ion than many to seek and obtain 
good advice on th is , and probably a lso in a 
better posit ion than most to encourage new 
approaches , development of cheaper mat
er ia ls , and a wider understanding of the 
main i ssues . 

At the s a m e t ime that these supply, cost , 
legislat ive and other fac tors have helped 
swing the pendulum away from steel , the 
inf luence of research and graduate design 
a ids promoted by the compet ing concrete 
industry pushed it even further. In the UK the 
Cement and Concre te Assoc ia t ion h a s most 
ef fect ively promoted the use of concrete, 
runs training c o u r s e s for spec i f ie rs , c l ients, 
operat ives and so on, and is a p lace to which 
many people in the building industry would 
turn for adv ice, They are a semi- independent 
organizat ion f inanced by a levy on cement 
s a l e s wh ich produces them an income of 
around £ 5 - 6 m . per annum. In contrast , the 
nearest equivalent in the steel industry in the 
UK is Const rado, wh ich is wholly f inanced by 
the B S C , and in the minds of many is s imply 
not able to cope in the s a m e way on a budget 
of l ess than £400,000 per annum. The cent res 
of research and information in the steel 
sector are scat tered around manufactur ing 

units, and are diff icult to a c c e s s . Information 
on such vital i s s u e s a s corrosion protection, 
fire, spec ia l mater ia ls , welding and so on is 
not gathered into one centre of exce l lence , 
and in some c a s e s the information can even 
be better obtained e lsewhere. Apparently, for 
example, better advice on corrosion in steel 
can be obtained from the non-ferrous meta ls 
trade assoc ia t i on than from the s tee l 
industry! In any event, famil iar i ty in the use 
of steel at al l levels of the industry h a s 
decl ined, and th is is no smal l obs tac le to its 
wide use. T h i s lack of famil iar i ty a f fec ts not 
only knowledge of the mater ia l , and ana l ys i s 
of complex deta i ls , but a lso the sett ing up of 
measurement , cost control, and contract 
procedures to take full advantage of 
potential sav ings of t ime and mater ia l in 
steel s t ruc tures in those s i tuat ions where it 
could and perhaps should be viable. 

Design approach 
It h a s been ment ioned • before that the 
market condi t ions for steel are such that it is 
now relatively cheaper and more readily 
avai lable than for some time. With the 
p ressures to const ruct more quickly ( a lways 
there but probably now stronger a s a result 
of high land va lues and the high cost of 
borrowing), we must be prepared to take 
advantage of steel f rames in the right 
c i r cums tances . 
We have seen that the steel as a mater ia l h a s 
become more competi t ive against concrete 
a s a mater ia l , but it is a l so worth consider ing 
what is happening to the ' f in ished ' product. 

On s imp le s t ructura l f rames, such a s 
sec t ions used in straightforward multi
storey f rames, the fabr icated and erected 
cost of the steel is perhaps more than 
double the cost of the raw mater ia l . Poss ib ly 
now the labour c o s t s are increas ing faster 
than the mater ia l itself, but in any event they 
represent the a rea of greatest f luctuat ion. If 
fabr icat ion is complex or diff icult, then the 
f in ished product cost c a n inc rease 
dramat ical ly, in some c a s e s reaching more 
than seven t imes the cost of the raw 
mater ia l . 

In th is age of increas ing accountabi l i ty, and 
more measurement of everything, we are 
often under pressure to produce max imum 
area for min imum mater ia l , under the 
proposit ion that th is will equate to min imum 
cost . C lear ly this is not a lways so, and the 
greater use of mater ia l , if accompan ied by 
less fabr icat ion and greater simplicity, c a n 
eas i l y be shown to produce a more 
economica l result. However, even in th is we 
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The structural 
steelwork industry: 
A review 
Richard Haryott 

Introduction 
My task is to paint a general picture of the 
st ructural s teelwork industry today. 
I am going to concent ra te on the si tuat ion 
concerning the role of steel in the market 
p lace, and in the main I will a l so be concen
trating on those aspec t s relating to the use 
of s t ructural s teelwork in multi-storey 
f rames, in one-off spec ia l s t ructures where 
reinforced concre te is a s u c c e s s f u l or even 
dominant competitor. 
Clear ly the review is made through the eyes 
of an Arup engineer who is based mainly in 
London. In the t ime avai lable it is obviously 
not poss ib le to refer to all the many 
d i f ferences in c i r cums tances worldwide, but 
never the less it s e e m s to me that there are 
many a reas of common exper ience and 
interest. 
One of the purposes is to propose to you the 
fol lowing main points or themes: 
(1) That market forces are now such that 
steelwork is once again a sens ib le and 
economic al ternat ive in many of our 'main
s t ream' s t ruc tu res in a reas where concrete 
has perhaps been dominant for the past two 
or three decades . 

(2) That in the eyes of many spec i f ie rs , 
cont rac tors and c l ients , there are many 
obs tac les to the use of s teel . These range 
from long memor ies regarding supply 
problems, lack of understanding of the 
scope for sav ings in t ime or mater ia l , to 
d i f f icul t ies wh ich ex is t in obtaining good 
advice on steel design. 
(3) That designing in steel can only be 
success fu l l y accomp l i shed if the task is 
seen a s a part of the whole: that is to say the 
contract procedures, the fabric and f in ishes 
in relat ion to the structure, speed of con
struct ion, fire protection and so on must al l 
be part of the evaluat ion. Th is may sound 
obvious, but in fact it s e e m s to me that much 
of industry is not tackl ing the task a s a 
whole. 

A key must be educat ion. There is nothing 
magic about designing steel , but the 
s tandard of educat ion and training must be 
improved if exce l lence and value for money 
are to be at ta ined. Arups should examine 
what their role should be. 
Background market conditions 
Steel sec t ions have been used in 
const ruct ion for over 100 years and for many 
years the mater ia ls held a predominant 
posit ion in bridgework and in major building 
f rames. Competi t ion from concrete and 
other mater ia ls gradual ly reduced its market 
share , but nonethe less the industry a s a 
whole did not seem to run into a feeling of 
decl ine until comparat ively recently. 
S tee lmake rs worldwide found themse lves in 
a se l le rs ' market for a considerable period of 
time, even if parts of the market, such a s the 
const ruct ion industry, were losing a battle 

against concrete. In recent t imes, for a 
period of more than 20 years until around 
1975, demand for steel products exceeded 
s tee lmaking capac i ty in most parts of the 
world, and certainly in Europe. One gets the 
impress ion that the most lucrative markets 
for the s tee lmakers were the ones that took 
the biggest volume of s imple s tee ls , namely 
ship building, the motor industry and heavy 
engineering generally, and a s a result supply 
of steel in the form of sec t ions and other 
structural shapes w a s never adequate. 
De lays in steel suppl ies were certainly seen 
a s the rule, rather than the except ion. 

Somet ime around 1975 the world suppl ies 
scene changed. The s tee lmakers , or the 
pol i t ic ians, or both, appeared to get it wrong. 
In the UK for example , a grand expans ion of 
s tee lmaking capac i ty had been made, taking 
capac i ty for production of liquid steel to 
something in the region of 30m. tonnes per 
annum, and at that with no real changes in 
productivity. In Europe capac i ty increased, 
and the new stee lmaking p lants were 
opened up al l over the developing world. Th is 
all at a t ime when the p o s t - O P E C price 
shocks were slowly reducing world demand 
and helping to bring about major recess ion . 

Suddenly world demand for steel products 
fell far short of capacity. S tee lmakers in the 
USA are working at less than 4 0 % of their 
capacity, and in Europe the average output is 
around 6 0 % of capacity. In the UK the B S C is 
currently producing around 10m. tonnes, and 
the private sector production brings the total 
to around 14m. tonnes - pretty much in line 
with the capac i ty /demand si tuat ion for the 
E E C a s a whole. 

For the 90m x 60m factory for A d a m s w e a r at 
Nuneaton (Job 9195) our cl ient instructed us 
to prepare a performance spec i f ica t ion so 
that subcont rac tors could use either portal 
f rames or t russes . The grid for the 60m width 
is two spans of 30m with a 6m spac ing down 
the length of the building. The t russ design 
proved the most economica l . 
T russes were a lso used for a 20m span tank 
production shop for J o s e p h A s h and S o n s 
(Job 9580) and a lso for an awkward re
development of an ex is t ing s i te for Samue l 
Heath and S o n s (Job 8567) wh ich required 
some operat ional a reas to be kept in 
production whi le the new building w a s 
completed around them. 

Figs. 4-5 
Fac to ry for A d a m s w e a r 
at Nuneaton 

Fig. 6 
J o s e p h A s h and S o n s 
tank product ion shop 

Archi tects: for both projects: 
Harper Fair ley Partnership 

t russes had to be replaced with new 
monopitch t russes . Para l le l latt ice girders 
were used with structural T booms to which 
angle brac ings could readily be welded on 
al ternate s ides . 
Another form of t russ const ruct ion we use 
has universal column or beam booms with 
tubular bracing. The example is a 30m span 
with warren bracing. 
Th i s s a m e principle h a s been used for the 
boiler house at Telford Distr ict Genera l 
Hospi ta l (Job 4623) of 16m span and 9m 
high. The initial design for a portal f rame 
w a s abandoned when 10 tonne coa l hoppers 
had to be carr ied from the roof and a full 
height wa lkway above the hoppers. The 
welded steel t russ met these requirements 

with the universal co lumns/un iversa l beams 
booms ideal for carry ing local bending and 
the tubular brac ings eff ic ient a s long struts. 
To allow for t ransportat ion the t russ is to be 
s i te bolted with Grade 8.8 bolts. 

We are finding that Grade 8.8 bolts have 
largely replaced H S F G on most jobs a s they 
are eas ier to use on si te. Part icular ly with 
overseas jobs we avoid having two bolts of 
the same size but different grades. Some 
t r usses for Af r ica (Job 8399) were 
transported in conta iners a s individual angle 
members and completely si te bolted. The 
M20 and M24 bolts were grade 8.8 with the 
M16 bolts in grade 4.6 to avoid any possib le 
confus ion on si te and we try to follow this 
procedure in the United Kingdom. 

Fig. 7 Samuel Heath and Sons , 
redevelopment of exist ing site. 
Archi tects: Kineton Design Group/ 
Bateman Assoc ia tes 

S c h e m e s on the drawing board at this 
moment include a further project at Coventry 
of a 30m span where a welded angle t russ 
will be used and a 64m x 45m building where 
portal f rames of 15m span have proved most 
sui table. 
Conclusions 
To summar ize, our recent exper ience has 
shown: 
(1) Bui ld ings must be adaptable for future 
planning and flexible for future ex tens ion. 
(2) Roofs must be strong enough to carry 
adequate serv ices . 
(3) Truss or Porta l? We will usual ly 
examine both s c h e m e s but t r usses more 
often offer the best solut ion. 
(4) Bolted or welded t r u s s e s ? Shop-welded 
with site-bolted joints for a lmost all projects. 
(5) Grade 43 or Grade 50 s tee l? Most 
s c h e m e s have used Grade 43 only but we 
must bear in mind that the s a m e mill delivery 
of four to s ix weeks is offered. We should 
therefore look for out p laces where Grade 50 
can be used to advantage s u c h a s heavy 
loads on 'short ' s p a n s and for certa in 
bracings. 
(6) Grade 4.6 or G rades 8.8 bol ts? A lmost 
al l M16 bolts are Grade 4.6 but M20 and M24 
in Grade 8.8 are frequently used for major 
st ructural connect ions . 
(7) Brac ing members angle, rod or square 
hollow sec t i ons? All are used with the 
advantage taken of square hollow sec t ions 
for long slender brac ings. 
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