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SUMMARY

This exercise, which forms the second in a series, considers the costs of
fire resistance requiremenis for concrete and steel frameworks when related to
the column element.

Six categories of fire resistance are used - nil to four hours - and the
methods of protecting the columns have been taken from the 'deemed-to-satisfy'’
provisions of Regulation E&, of the 1965 Building Regulations.

Besides indicating general ecconcmic assessments of fire protection to
frameworks, this note also provides cost data for both steel and concrete columns
and a brief cost analysis of the Regulations themselves,

The first part of this overall cost study - entitled *Introductory Commenta' -

is included as Appendix ¢ within this reporst.
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F.R.Note No. 905
March 1972

A COST STUDY OF CONCRETE AND STEEL FRAMEWORKS

by

D. V. Maskell
A SINGLE COLUMN

INTRODUCTICN

As the title indicates, this exercise deals with the column element of the
framework and costs are based on the use of reinforced concrete forming one
column, and structural steel as the other. Basic costs alone have been considered,
although in estimating, allowances have been made for some of the more important
overheads. ({More detail is given in a later section).

Using just. the column obviously limits the scope of the repert and its
conclusions, but the report will, nevertheless, furnish some trends as to the
econcmics of fire protection to frameworks. This could then be used as a suitable
basis for further research work on general framework economics, with the established
patterns and guide lines c¢f the priced forms of construction providing a useful
basis for future estimating analysis. Indeed, the cost data from both the concrete
and steel techniques may also be useful in further work connecting with fire
resistance and its relationship to the costs of construction.

Although essentially not an objective, this report does provide a brief
appraisal of part of the 1965 Building Regulations. In calculating the cost data,
a breakdown has been carried out on a number of the 'deemed-to-satisfy' provisions
of Schedule 8, Various factors have emerged and these have been discussed in the
report and referred to in the conclusions. This work might therefore form the
basis of a mors thorough cost-benefit analysis of the Building Regulatiocns, at a
later date.

METHOD

Using Schedule 8 to Regulation E6 of the Building Regulations, a list has
been produced of the various means of protecting reinforced concrete columns and
atructural steel stanchions, tc achieve particular degrees of fire resistance.

Part II of the Schedule deals with the concrete columns and Part VA deals with
the steel stanchions,

Bach of these techniques has been priced, and the resulting figures related
to the various types of buildings as defined in the table to Regulation E2, and
Table A — Parts 1 and 2 to Regulation ES5. The broad classification of heights
of buildings, as outlined in the first part of this study (Appendix C), has been
adopted. '



GENERAL CONSIDERATIONS

1a Common element: The reason for adopting the column member of the framework

is that of providing a common element of both materials. Eventually, it is
intended to base the work on a structure rather than an element, but in the
meanwhile a column provides a fairly well-defined, reasonably consistent
basis in both materials. With similar heights and effective length factors
and ignoring the foundations and beam conditions for the moment (see
following consideration), concrete columns can be designed to correspond
to steel stanchions based on the axial load bearing capacities of both
members.

Thus, a universal column - size 200 mm (8 in) x 200 mm (8 in) x
47.5 kg/m (32 1b/ft) has been adopted for the structural steel work and,
using a length (or height) of 3.66 m (12 ft) - (effective length 2.56 m},
then the permitted axial load bearing capacity of the column is 79 tonnes
(77.5 tons).

From these dimensions, ie effective length 2.56 m and axial load of
70 tonnes, and using the ccnventional stress value of 1.38 x 108 N/m2
(20,000 1b/in?) for mild steel and 6.55 x 10° N/m? (950 1b/in®) for
concrete, a reinforced concrete column equivalent to the steel stanchion
can be adopted, the size of which is 250 mm (10 in) x 250 mm (10 in) with
about 4 per cent steel reinforcement, (ie 4 per cent of the cross-sectional
area of the column)n ]

Using these two columns — for steel 200 mm x 200 mm x 47.5 kg/m and for
concrete 250 mm x 250 mm - the methods of protecting them to achieve various
degrees of fire resistance have been estimated. The whole process has been
carried out for this one pair of columns but other sizes have been calculated
and, using the cheapest techniques of protection, costs have been worked out
to assess any possible trends resulting from the change in size.

2e Other factors: It is appreciated that, besides the need for fire resistance,

there are other considerations which might affect the choice of material for

a framework; such as:

(i) the required flexibility, rigidity or adaptability of the framework

(ii) the type and standard of finish required within the design and its
consequent maintenance cost

(iii) the likely weather influence due to the time of year and general
climatic conditions

(iv) the height of the building and the consequent handling costs.

(v) the desirability for larger spans, uninterrupted floor area, shallow
beams or an integrated floor and column construction

-2 -
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(vi) the size of columns and the possible reduction in available
floor space

{vii) the speed of erection, and shorter consiruction periods, coupled
with the reduction in attendant trades

(viii)the s8torage and stacking facilities of the site and its general
access and communication

(ix) the desirability of a lighter comstruction and the consequent
lower foundation costs, the limitations of poor loadbearing
ground and the integrated frame and foundation design.

In order to simplify this exercise, these other factors have been
assumed to be compensating, their inclusions would only serve to confuse
what is already a somewhat complex problem, rather than contributing to the
results.

‘Bstimating: Much of this exercise hinges on the results of estimated
prices and although estimating is a personal operation it can be reasonably
claimed that the idiosynerasies of the estimator has affected all the costs
in like manner. Also since we are dealing with comparisons rather than
actual costs, the resulfé will not be affected by the method or style of
estimating. Additional comments regarding the esfiimated work are included

elsewhere in the report and accompanying the tables themselves,

THE EXERCISE

The first stage invoelvas the use of Schedule 8 of the Regulations, and in

particular Part IT and VA. A list has been compiled of most of the various

techniques of protection which meet the required psriods of fire resistance

Appendix A tables 1-5.

Those which have been ignored have been for the following

<7 reasons:

(i) The difference between the technique omitted and a similar technique
is small or is obviously uneconomic. For example, solid block casing
is identical to the hollow block casing except for the additional
requirement of the filling.

(ii) Other factors are involved which have not been considered in the

exercise, such as the use of loadbearing concrete

(iii) On investigation it appears that the form of construction is no

longer current practice.
g

For convenience, the compiled list has been set out in categories depending

on the fire resistance of the particular technique. These forms of ®mnstiruction

which meet more than one period of fire resistance appear in each respective

category.



As regards the requirement of no fire resistance the cheapest form of
construction that meets this will naturally be the uncased stanchion for
structural steel and the basic 250 mm x 250 mm reinforced concrete column.

With the latter, it has to be remembered that there exists a load-carrying
criterion to provide the common element in both materials. Thus, this concrete
column is the smallest size that will correspond to the steel stanchion based
on this criterion, and this therefore eliminates the use of a smaller column
although permitted in Part II of Schedule 8.

The second stage comprises the estimating content of the exercise - that of
pricing each of the methods of protecting the columns. Generally speaking the
estimated prices are based on existing work reinforced with built-up rates where
they are likely to exert the most influence. However, the following sources of
information have been used in this exercise in order to ensure the maximum
accuracy and consistency:

(a) Standard pricing books and estimating text books

(b) Rates supplied by material manufacturers

(¢) Prices supplied by contractors for executing the work

Appendix A, Tables t to 5 shows the techniques, complete with estimated
prices. Certain assumptions have, of necessity, been made in order to proceed
with the estimating and these are stated at the foot of each table of the
Schedule. Such variables as overheads, profit margin and the general preliminary
items, have been included on a nominal but consistent basia but it cannot be
claimed, particularly in view of the existing inflationary situation, that these
prices would be today's charges for executing the work.

The third stage relates the estimated figures to particular types of
buildings, and involves the use of Regulation E2 and its accompanying Table.
This provides eigh% types of buildings, viz:-

(1) Small residential

(2) Institutional

(3) Other residential

(4) Offices

(5) shops

(6) Pactories

(7) Other places of assembly

(8) Storage and general




Table A, Parts 1 and 2 to Regulation E5, provides a further sub-division
and allocates the various degrees of fire resistance required. However, to
rationalise the building types the broader height classification (as described
in Part 1 of this study) has been adopted. Several building types have been
omitted either because a framework is unlikely to be used or the type of building
at the present moment, is uncommon, eg high rise shops.

With these factors in mind, a new list has been compiled - see Appendiz B,
Table {1 — which shows the types of buildings likely to use a framework construction,
and their corresponding fire resistance requirements.

Since, as one must assume, only the most economic solutions, ie the cheapest,
would be expécted to exert any influence on the decision, the final operation of
this third stage has been the combiration of the cheapest techniques for both
materials in each fire resistance category, as obtained from Appendix A, Tables
1 to 5, with the list of building types found in Appendix B, Table 1.

The results and suggested economic solutions are recorded in the form of
Appendix B, Table 2.

The final stage has been the costing of columns of other sizes to test
whether the results of Appendix B and Table 2 hold firm for such columms. Again
they have been used in pairs with reirforced concrete matched to structural steel
baged on the same loadbearing criteria.

Thus, following the procedure of the first stage, three universal columns
were selected;

(i) 150 mm (6 in) x 150 mm (6 in) x  23.4 ke/m (15.7 1b/f%)

(ii) 250 mm {10 in) x 250 mm (10 in) x 73 ke/m (49 1b/ft)

(iii) 300 mm (12 in) x 300 mm (12 in) x 97 ke/m (65 1b/ft)
and using the same stress values, effective lengths and correéponding axial
loadbearing capacities, three reinforced concrete columns were calculated to
be the most economic equivalent to the steel. They are:

(i) 200 mm (8 in) x 200 mm (8 in) with 7’3 per cent steel reinforcement

(ii) 330 mm {13 in) x 330 mm (13 in) with 4 per cent steel reinforcement

(iii) 380 mm (15 in) x 380 mm (15 in) with 4 per cent steel reinforcement

*These dimensions are the direct metric equivalents to the imperial sizes and
it should be noted that there may take place some rationalisation of the
metric sizes at g later date. This will not affect the work but may make
referencing to particular columns rather confusing.

%Alternative sizes of concrete columns with different areas of steel reinforcement
were considered for the smaller colums in order to select the most economic

solution.
-5 ~




With the smallest steel stanchion, the weight per length of steelwork
is below the limit imposed by Schedule 8 Part VA. This means in effect that
more protection would be required to meet the particular degree of fire
resistance than that stated in the table. Therefore,_although this stanchion
has been compared with its equivalent concrete columm an allowance would need
to be added to the cost of fire protection to compensate for this factor.
With the largest stanchion, the steel tables do not provide axial load-
bearing capacities for the effective lengths so far used in the exercise and
thus, for this pair the effective length of column has been increased to about
3 metres (10 feet). However, with this sort of comparison the effect of an
increase in height such as this, would be negligible.
Since generally speaking, an increase in the size of the steel stanchion
will simply mean a pro rata increase in the size of the casing and therefore =
its cost, it is sufficient for comparison purposes, to consider only the cheapest -
casing in each category.
Thus, the re-estimated prices for the cheapest methods of protecting the
columns of wvarious sizes, are compared and the results are shown in Appendix B
Table 3.
DISCUSSION OF THE RESULTS
1e Schedule 8 Parts II and VA: The breakdown of these paris of the schedule
reveal certain aspects:
(i) Several of the forms of construction are impractical from an economic
standpoint. The 2 inch bricks specified would probably be more
expensive than 3 inch common Bricks, whilst the use of the brick
infil, for the solid coring; achieves very little in respect of
the extra costs that it weould incur.
(ii) Some of these methods are no longer current practice, probably the L
result of the time-lag between drafting these Regulations and their
becoming mandatory. *
2 The priced techniques (Appendix A Parts 1 to 5): Several features can be _
seen from the figures container in the tables:
(i) The lightweight casings are generally cheaper than the solid casings
with plaster and boarding tending to be the more economic.
(ii) Very l1little separates the bulk of the technigques in the middle order
particularly for the lower fire resistance periods,
(iii) The cost of caging steelwork in concrefe is one of the most uneconomic
methods of fire protection, amounting to nearly 40 per cent more than
the cheapest technique. The use of loadbearing concrete, although

requiring a greater thickrness of cover, would produce some economies.
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(iv) With the exception of one or two extremes, the range of costs, over
all the fire resistance periods, is reasonably small suggesting
that it is the need to provide fire protection to the structure,
rather than any particular requirement, that is the major factor.
In determining costs, the use of the common element — the column - means
that the size of concrete ¢olumn, calculated to correspond to the steel
stanchion, is considerably higher than the smallest sizes contained in
Part II of Schedule 8 of the 1965 Building Regulations. Hence the
250 mm x 250 mm concrete column adopted meets all the requirements up to
and including 13 hours. The use of larger steel stanchions further increases
the size of the concrete equivalent such that even the maximum resistance
pericds are obtained without further protection to the concrete.
Appendix B, Table 1 indicates that there is a greater use of the lower and
middle fire resistance periods. The 4 hour period rarely occurs and the
2 hour category is largely cocnfined to the single storey structure,
The econémic solution: It would be unwise to categorically state that a
particular framework for a particular type of building was the most economic
based simply on this exercise, but there are several distinct trends which
can be Observed, depending on the column sizes.

With the 200 mm x 200 mm x 47.5 kg/m stanchion and its equivalent
concrete column the extreme periods of fire resistance — nil and 4 hours -
show steel to have the advantage, but in the middle pericds it is concrete
which is more economic.

Using smaller columns the paftern remains the same with the extremities
again favouring steel.

The pattsrn of large columns has & similar beginning but the advantage
to concrete in the middle psriods continues to increase as the period of

required fire resistance riseg.

CONCLUSIONS

(1)

(2)

It is the need for fire protection around steal columns rather than
the degree of fire resistance required which most influences the economics.
The difference between ‘he minimum requirement — % hour, and the usual
maximum - 2 hours, is small compared to the dif ference between nil fire
resistance and + hour,

Again for sieel, cost differences between periods of fire resistance
are quite small if the extremes - nil and 4 hours - are ignored. The
smallest stanchion - ‘ie that of 23.4 kg/m (15.7 1bs/ft), which is below the
minimum stated in Part VA of Schedule 8, would require additional protection,

80 the figures for this example, are not realistic,

-7 -



(3)

(4)

(5)

(6)

(7)

T S LT KAV S T
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. Generally speaking,.as.thq fire :gsistance_ngquige@ent,increases 80
does the margin in favour of concrete. However, there are certain
characteristics:
(i) The rate of increase is small
(ii) As the size of the steel stanchion increases, so the margin
in favour of concrete diminishes. Thus, although the same curve
would be obtained for the + hour to 4 hour periods of fire resistance,

the margin favouring concrete would be smaller in each case.

(iii) There is a minimum size of steel stanchion for which this trend

applies. The 200 me x 200 mm x 47.5 kg/m indicates an economic

advantage towards steel in the higher categories, particularly 4 hours.

The smaller stanchion would seem to repeat this trend.

For the minimum fire resistance requirement — + hour - the cost

difference between steel and concrete would seem to be negligible.

However, it would be interesting to see if this particular pattern
is repeated with the inclusion of the beam element.

Lightweight casings are cheaper than the solid casings. Their use,
however, is somewhat dictated by the other factors and although concrete
as a casing appears very uneconomic, its durability and repairability, in
the event of a fire, often overrides i%ts expense.

From a general point-of-view, the cost breakdown of Parts II and VA
reveals two problems - the economic impracticality of some of the technique
and the lack of current practics of several ¢f the others. Perhaps more
work is needed in assessing the ecenomic considerations of such methods of
construction which are deemed to satisfy the requirements, and, either
more general forms of construction are adopted, which are less likely to
become dated or, more speed is required in the drafting'and execution of
such regulations and their amendments,

The earlier paragraphs of this final heading apply only to a part of
a framework, and it would be necessary in order to be more positive, to
consider, not only the entire framework, but the other considerations
affecting framework construction as well. However, it is hoped that
future exercises will be carried out based upon the principles established
within this noté. Indeed work is currently in hand using some of the
enclosed data in assessing the relationship between fire resistance and

costs of construction.
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APPENDIX A, TABLE 1.

Encased stanchion

7 mm (F in)

13 mm (¥ in)

50 mm (2 in)
13 mm (% in)
7 mm (% in)

7 mn (4 in)

1% mm (¥ in)

10 mn (% in)

10 mm (% in)

S0 mm (2 in)

50 mm (2 in)

25 mm (1 in)

PRICED TECHNIQUES - % hour

Technique

Vermiculite-gypsum plaster on 9.5 mm
(2 in) plasterboard, including
binding wire.

Gypsum plaster on 9.5 mm (% in)
plasterboard including binding

wire.

Blocks (thenmalite) reinforced
every horigontal Joint.

Gypsum plaster on metal lath.
Gypsum plaster on 19 mm (% in)
rlastercoard including binding
Wwire,

Vermiculite-gypsum plaster on 19 mm
(% in) plasterboard, including
binding wire.

Vermiculite—gypsum plaster on
metal lath. '

Sprayed asbestos on metal lath,

Sprayed asbestos 140-240 kg/m3
(9-15 1v/£43).

Solid casing of clay bricks.

Hollow casing of clay bricks (as A2)
reinforced every horizontal joint.

Thick non-loadbearing concrete,

reinforced with a light mesh
reinforcement.

- 10 -

Regulations
ref. no.

Cost
(pounds)

23.22

23.78

24.32
24.35
24.37

24.46

24.78

24.95
24.98

26.72

27.60

33.82




Technique Regulations Cost

ref. no, (pounds)
Reinforced concrete

250 mm {10 in) x Column 1a 22,13
250 mm (10 in)

250 mm {10 in) x Column, with a light mesh in concrete 1d 23.40
250 mm (10 in) cover to maintain reinforcement

250 mm {10 in) x Column, with a 13 mm (3 in) Vermiculite- 1c 25.11

gypsum plaster cover
250 mm (10 in) x Column, with a 13 mm (% in) Gypsum 1b 25.9:1

Notes:

(1)

(2)

(3)
(&)

plaster cover on mesh reinforcement
fixed around column

The cost of using special 50 mm (2 in) bricks or of cutting 75 mm (3 in) bricks
to size would exceed the cost of using normal 75 mm (3 in) x 115 mm (4% in)
bricks. Hence, even though 50 mm (2 in) bricks are stated the normal 75 mm

(3 in) bricks were used in the estimating.

13 mm (% in) plaster work has been measured_ as render and set. If metal
lathing is used, then the render includes a pricking-up coat.

7 mm (% in) plaster work has been measured as one coat of board plaster.
The Regulations reference number refers to Schedule 8 - Notional periods of
Fire Resistance (to regulation E6g, with the prefix letter indicating whether

solid (A) or hollow protection (B) and the number and following letter refering
to the order in which the technique is listed in Schedule 8.

- 11 -



APPENDIX A, TABLE 2.

Encased stanchion

10 mm (% in)

13 mm

50 mm

13 mm

19 mm

10 mm

10 mm
50 mm
50 mm

25 mm

(+

(2
(F

in)
in)
in)
in)
in)
in)
in)
in)
in)
in)

in)

FRICED TECHNIQUES - 1 hour

Technique

Vermiculite-gypsum plaster, on 9.5 mm
(% in) plasterboard including binding

wire.

Gypsum plaster on 9.5 mm (% in)
plasterboard {(as Part 1).

Blocks {as Part 1).

Gypsum plaster, on 19 mm (4 in)
plasterboard (as Part 1).

Vermiculite-gypsum plaster, on 19 mm
(% in) plasterboard (as Part 1).

Vermiculite-gypsum plaster on metal
lath (as Part 1).

Gypsum plaster on metal lath.

Sprayed asbestos on metal lath
(as Part 1).

Sprayed asbestos -(as Part 1)
Solid casing of bricks {as Part 1).
Hollow casing of bricks (as Part 1)

Thick concrete (as Part 1)

- 12 -

Regulations
ref. no.

B 6a

B 5a

B2

B 5b

B 6b

B 4a

B3
BT

A4

A2

A la

Cost
(pounds)

23.76

23.77

24.32
24.37

24.46
24.78

24,88

24.95

24.98
26.72
27.60

33.82



Regulations Cost

Technique ref. no. (pounds)
Reinforeced concrete
250 mm (40 in) x Column (as Part 1) 1a 22,13
250 mn (10 in)
250 mm (10 in; x Column, with light mesh in concrete 18 23.40
250 mm (10 in cover (as Part 1)
250 mm (10 ing x Column, with 13 mn (% in) Vermiculite- 1¢ 25.11
250 mm (10 in gypsum plaster cover (as Part 1)

250 mm (410 in)

oo™

Column, with 13 mn (% ing Gypsum 1b 25,91
plaster cover (as Part 1

Notes:
(1) As Part 1

(2) 19 me (£ ir) plaster work has been measured as render and set, If on metal
lath, then the render inecludes a pricking-up coat.

(3) 10 mm (§ in) plaster work has been measured as render and seh.
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APPENDIX A, TABLE 3.

Encased stanchion

13 mo (%

50

10

10

16
25
16
50
16
50

25

mm

nm

mm

Juny

mm

mn

(2

~~
Lo}

(1

(2 1

5 .

8

(2 1
(1 1

in)

in)

2 in)

in)

PRICED TECHNIQUES - 1% hour

Technique

Vermiculite-gypsum plaster, on 9.5 mm
(8 in) plastertoard, including binding
wire

Blocks (as Part 2)

Gypsum plaster, on 19 mm (3 in)
plasterboard, including birding wire

Vermiculite-gypsum plaster, on 19 mm

(2 in) plasterboard, including binding
wire

Vermiculite-gypsum plaster on metal lath
Gypsum plaster on metal lath

Sprayed asbestos on metal lath

Solid casing of bricks (as Part 2)
Sprayed asbestos

Hollow casing of brisks (as Part 2)

Thick concrete (as Part 2)

-1y -

Regulations
ref. no.

o
~ W ﬁ'

e
ro

Cost
(pounds)

24,01

24,32
24.86

25.05

25.19
26.07
26.35
26.72
26.93
27.60
33.82




Technique Regulations
ref. no. (

Reinforced concrete
250 mm (10 in) x Column 1a
250 mm (10 in)
250 mm (10 in; x  Column, with light mesh in concrete 1d
250 mm (10 in cover {as Part 2)
250 mm (10 in; x Column, with 13 mm (¥ in) Vermiculite- 1c
250 mm (10 in gypsum plaster cover (as Part 2)
250 mm (10 in) x Column, with 13 mm (% in) Gypsum plaster 1b

cover (as Part 2)
Notes:
(1) As Part 2.

(2)

(3)

25 mn (1 in) plaesterwork has been measured as render, float and set. If on
metal lathing, then the render includes a pricking-up coat,

16 mm (2 in) plasterwork has been measured as render and set. If on metal
lathing, then the render inc¢ludes a pricking-up coat.

- 15 -

Cost

pounds)

22.13

23.40

25.11

25.91



APPENDIX A, TABLE 4,

Ensased stanchion

16 mm (3 in)

50 mm (2 in)

10 mm (§ in)

13 mm (% in)

19 mn (3 in)
50 mm (2 in)
19 ma (2 in)
50 mm (2 in)
19 m ( in)

38 mm (1% in)

25 mm (1 in)

PRICED TECHNIQUES - 2 hours

Technique

Vermiculite-gypsum plaster, on 9.5 mm
(8 in) plasterboard, including binding
wire

Blocks (as Part 3)

Vermiculite-gypsum plaster, on 19 mm
(3 in) plasterboard including binding
wire (As Part 3)

Gypsum plaster, on 19 mm (3 in)
plasterboard, inciuding binding

wire

Vermiculite-gypsum plaster on metal lath
So0lid casing of bricks (as Part 3)
Sprayed asbestos on metal lath

Hollow casing of bricks (as Part 3)
Sprayed asbestos

Gypsum plaster on metal lath, including
a light mesh reinforcement

Thick concrete (as Part 3)

- 16 -~

Regulations
ref. no.

B 6a

B2

B 6b

B 5b

B la
A2
B7

A4
B3

A la

Cost
(pounds)

24,26

24,32
25.05

25.05

25,60
26.72
26,91
27.60
27.68
28.58

33.82




Reinforced concrete
250 mm (10 in) x
250 mo (10 in)

250 mm (10 in x
250 mm (10 in

300 mm (12 in; x
200 mm (12 in

280 mm 511 1ng x
280 mm (11 in
Notes:

(1) As Part 3

-

Technique

Column, with light mesh in concrete
cover to main reinforcement

Column, with 13 mm (% in) Vermiculite-
gypsum plaster cover

Column
Column, with 13 mm (% in) Gypsum

plaster cover on mesh reinforcement
fixed around the column

Regulations
ref, no.

14

1¢

1a

1b

(2) 38 mm (1} in) plaster work measured as 3 coats render and 1 coat set.
metal lathing then 1st render coat includes & pricking-up coat.

- 17 -

Cost

(pounds)

23.40

25.11

27.26

28.07

If on



APPENDIX A, TABLE 5.

Encased stanchion

75 mm (3 in)
75 mo (3 in)
32 om (1% in)
45 mm (13 in)
50 mm (2 in)
115 m (4% in)
45 mn (1% in)

45 mm (12 in)

50 mm {2 in)

PRICED TECHNIQUES - 4 hours

Tgchnique

S0lid casing of clay bricks (see Note
to part 1)

Blocks (thermalite) reinforced every
horizontal joint

Vermiculite-gypsum plaster, on 19 mm
(2 in) plasterboard, including binding
wire and light mesh reinforcement

Sprayed asbestos on metal lath

Vermiculite-gypsum plaster on metal
lath including a light mesh reinforcement

Hollow casing of clay bricks reinforced
as before

Sprayed asbestos 140-240 Kg/m3
(9-15 1b/rt3)

Vermiculite-gypsum plaster on metal
lath but spaced 25 mm (1 in) from
flanges

Thick non=loadbearing concrete reinforced
with a light mesh reinforcement
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Regulations
ref. no.

A2

B2

B 6b

B 7

B L4a

AL

B 4b

A 1a

Cost
{pounds)

26.72
26,90

28014-9

32.09

33,06
33.25
34,60

35.15

37.63




Reinforced concrete
300 mm (12 in) x
300 mm (12 in)

300 mm {12 ing x
300 mm (12 in,

460 mm (18 in) x
460 mm (18 in)

430 mm (17 in) «x
430 mm (17 in)
Notes:

(1)
(2)

(3)

(4)

As Part 4.

Technique

Column, with wire fabric in concrete
cover to main reinforcement

Column, with 13 mm (% in) Vermiculite-
gypsum plaster cover

Column
Column, with a 13 mm (¥ in) Gypsum

plaster cover on mesh reinforcement
around the column

Regulations
ref. no.

14
1¢
1a

1b

Cost
(pounds )

28.73

30.80

42.33

47.89

50 mm (2 in) plaster work has been measured as 4 coats render and 1 coat set,
with the 1st coat of render including a pricking-up coat on lath.

45 mm (13 in) plaster work has been measured as 3 coats render and 1 coat set,
with the 1st coat of render including a pricking-up cocat on lath.

32 mm (11 in) plasterwork has been measured as 2 coats render and 1 coat set.
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APPENDIX B, TABLE 1.

PERTIODS OF FIRE RESISTANCE

Purpose Part 1 Part 2
Category of building g1 Fire resistance |Fire resistance
group period period
(hours) (hours)
Institutional low rise 2 =
medium rise 1
high rise 1%
Other residential medium rise 3 1
(flats) high rise 1%
Offices low rise L 0, & 25 1
medium rise 1
high rise 1%
Shops low rise 5 0, & 1, 2
medivm rise 4
Factories low rise & 0, & x, 01, 2
medium rise y 2
Places of agsembly low riss 7 0, & 3,1
medivm rise 1
high rise 1%
Storage & General low rise 8 C, & 1,2, 4
megium rise 1, 2, 4
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APFENDIX B, TABLE 2.

SUGGESTED ECONOMIC SOLUTIONS FOR VARIOUS CATEGCRIES OF BUILDINGS

(based on 200 mm x 200 mm x 47.5 Kg/m steel stanchion & 250 mm x 250 mm reinforeced concrete column)

e as Period of Cheapest Cheapest Difference Economic
Category of building fire resistance concrete steel solution
(hours) (£) (£) (£) %
Institutional low rise .
medium riseg 1 22,13 23,76 1.63 7 conerete
high rise ) 1% 22,13 24,01 1,88 8% | concrete
Other residential medium rise 1 22,13 23,76 1,63 7% concrete
(i.e. flats etz.) high rise 1% 22,13 24,01 1,88 & concrete
Offices low rise 0 22.13 18.70 -3.43 | =183 | steel
low rise . 22,13 23,22 1,09 5 either
medium rise 1 22,13 23,76 1,63 7% concrete
high rise 1% 22.13 24,01 1,88 3! concrete
Shops low rise 0 22,13 18,70 -3,43 | -18% | steel
iow rise % 22,13 23.22 1.09 5 either
medium rise 1 22,13 23,76 1.63 7% | concrete
Factories low rise 0 22,13 18.70 -3.43 | -18% | steel
low rise - 22,13 23,22 1.09 5 either
mediur rise 1 22.13 23,76 1,63 7% concrete
medium rise 2 23,40 24,26 0.87 35 either
Places of assembly low rise 22,13 18,70 «3,43 | =18% | steel
low rise 3 22,13 23,22 1,09 5 either
medium rise 1 22,13 23,76 1.63 7% concrete
high rise 1% 22.13 24.01 1.88 & concrete
Storage & General low rise 0 22,13 18,70 -3.43 -18% steel
low rise % 22,13 23,22 1,09 5 either
medium rise 1 22.13 23,76 1.63 7% concrete
medium rise 2 23.40 24,26 ¢, 87 3? either
medium rise L 28,73 26,72 -2, 01 -7z steel

Note:

The 3 hour and 2 hour periods

negligible.

are less than 5 per cent and one could consider such & difference




APPENDIX B, TABLE 3.

ECONOMIC SOLUTIONS WITH VARYING SIZES OF COLUMNS

Per;?de°f Cheapest |Cheapest 211 °%%%€ |pconomic
resi;zance conerete | steel solution
(£) (£) £) | %
150 mm x 150 mm x 23,4 Kg/m Nil 13,13 10,05 -3,08|-31 -
5 stanchion L 13,13 | 13,73 0,60 u% -
200 mm x 200 me reinforced 1 15.57 14.09 -1.48{-10% -
concrete column 1% 16,65 14,323 -2,.32]=16 -
2 18,55 | 14.52 | -4.03{-27%| -
N 28,73 16,20 |-12,53{-78 -
. Nil 22,13 18,70 -3.43| -18%|steel
200 mm x 200 mm x 47.5 Kg/m) % 22.13 23,22 1,09/ 5 |[Either
B stanchion ) 1 22.13 23 .76 1,63 7% Concrete
250 mm x 250 mm reinforced ) 1% 22,13 24,01 1,88 8? Concrete
concrete column ) 2 23,40 24.26 0.87 3z Either
N 28.73 26.72 -2.01| -7%iSteel
Nii 32.25 28,10 -4,16| =45 [Steel
250 mm x 250 mm x 73 Kg/m ) 5 32,25 33,46 1.21| 4 |Either
¢ stanchion ) 1 32,25 3,13 1.88| 6 |[Concrete
330 mm x 330 mm reinforced ) 1% 32,25 3l L5 2,20 7 [Concrete
concrete column ) 2 32.25 3. 78 2.5 8 |Con=orete
4 24,00 27.75 3.75] 11 |Conczrete
Nil 50.65 4. 75 ~5,90|-13 |Steel
300 mm x 300 mm x 97 Kg/m ) 1 50.65 | 52,49 1,84 3% Either
p Stanchion ) 1 50,65 53,52 2,87 &55lConcrete
380 mm x 380 mm reinforced ) 1% 50,65 54,00 3.35 6% Concrete
concrete column ) 2 50,65 5o b 3,81 7‘? Consrete
N 3,15 58,13 5.02| 9z [Conzrete

Note:

No solution has been guoted for the
protection would be required to the steel and the
quoted might be conaiderably higher,

snallest columas sincze additional

included to indicate the trend = see results section for further

commerts, and Page 5.

cheapest technique
The figures have only bezn
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APPENDIX C

Introduztory Comments

INTRODUCTION

If the design of a building lends itself to a framed structure, then a
decision has to be made whether to use concrete or structural steel for the
framework, Certain types of buildings may use other materials e,g. timber, but
their use at the moment is limited ard in any case outside the scope of this

report,

Over the years, circumstances and faghion have tended to favour the use of
one or other of these materials and it cseems to be ccnsidered that presenteday
conditions favour concrete, largely tecause of the cecst differential caused by
fire protection, and to a lesser extent, the additional maintenance requirements
for steel and the uncertain supply, caused by the pressures placed on the steel
manufacturers by industry as a whole., Also, conerete technology has advanced
with the design mix and the improved mixing and hanrdling facilities and the

better fiaishing teschnigues,

However, to be fair to the steel induairy, thsy too have progressed with
the introduction of high yield and weathering steels, improved welding techniques
and the use of high sirength fristicm grip balie., This progress, coupled with an
improving supply, help to mzke steel 2 much nors attracstive proposition than at

first would seem,

The main digadvantage thererore in using this material appears to he the
additional cost of fire protection, and any cost differential caused by this will

be clearly indicated in the situdy.

The study will take the form of several exercizes, each considering the
problem confined to certain parameters. The ulitimate stage will be that of
comparing frameworks of both conerete and structural steel, taking into consideration
all the cost factors = both basic and inter-relating. By working in stages it is
hoped to carry out the successive exeraises based upon the krnowledge gained and

the principles thus formulated in the previous step.
OBJECTIVE

This i1s to determine the most economic solution between concrete and steel
frameworks for different types of buildings reguiring specific degrees of fire
resistance. The ultimate gcal mignt therefore be, to assess the merits of the
statement that conditions to-3ay favour the use of a conerste frame, and to A

evaluate the findings.




Each step, however, will have its secondary objectives and its consequent
results which may well indicate some other trend or reveal some other facet of
the problem. These will be discussed together with the various limitations or

parameters to which they have followed, within each-exercise.

METHOD
The basis of this cost study is Part E of the 1965 Building Regulations and
the subsequent Amendments, and in particular, sections:-
E2 - Designation of purpose groups
E5 - Fire Resistance
E6 - Tests of Fire Resistance
The various means of protecting reinforced concrete and structural steel
are obtained from Schedule 8 (to Regulation E6) titled "Notional Periods of
Fire Resistance." This Schedule comtains, in fact, the deemed to satisfy
provisions of the Regulation (E6). Those which are no longer in use have been
ignored whilst a few, which are hot in the Schedule, have been added for comparisom,
The types of buildinrgs which may make use of a framework structure, have been
taken from the takle to Regulation E2, wviz:

(1) 8mall residential

(2) Institutional

(3) Other residential

(4) Offices

(5) Shops

(6) Facteries

(7) Other piaces of assembly

(8) Storage ard general

The size of building, and the period of fire resistance that it may have,

has been taken from Table A Parts © and 2 to Regulation E5 which concerns periods
of fire resistance. To rationalice the height factor, a broader classification

has been adopted in the form of the following:

(i) Low rise - up to 15 m (50 feet) high
(1i) Medium rise - 15 m (50 feet) to 27 m (90 feet)
(iii)} High rise - over 27 m (90 feet) high

The first exercise of this study will be the comparison of the frameworks
when related to the fire resistance reguirements of a single column. It considers
the simple cholce hLetwszen corncrete and steel using only the first costs. The other
factors which might affect the choice of material have teen ignored, but the exercise

itself will explain its own limitations and its own particular objectives.
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Further exercises will consider a frame or bay of a framework system, and
evaluate the other factors likely to affect the choice which have been ignored
by the previous exercises, and the final exercise will be to compare more
complex frameworks taking into consideration all the factors in order to keep
the fire resistance aspect into perspective.

¥rom the results of these exercises, conclusions will be drawn as to the
economics of the choice and the current validity of the initial statement

regarding present-day conditions.
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