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THERMAL PERFORMANCE RATING AND CLASSIFICATION OF FLAT
ROOFS IN HOT DRY CLIMATES

Introduction

A proper selection of roof scctions should receive
attention in the design stage itself. but in the absence
of thermal performance standards a true comparison
of the cost of different roofing materials and systems
is not possible. A roof should provide adequate prote-
ction from the sun and the rain, in addition to satisf-
ying the structural and durability requirements. In
tropical climate the thermal problem gets more
complicated by the large diurnal swings of temperat-
ure and high intensity of solar radiation. Under these
conditions the commonly used steady state property
namely the U-value alone cannot form a satisfactory
basis and the thermal storage effects of thick roof
sections cannot be ignored. The periodic heat flow
characteristics expressed in terms of decrement factor
and time lag have to be considered. The relative
importance of the U-value and the periodic character-
istics depend upon the type and thickness of the
materials employed in the construction.

In an earlier Digest* thermal time constant (Q/U)
and damping (D) values for a few sections were given.
They were based on empirical relations, and find
limited application. The thermal damping and ther-
mal time constant of a section will, of course, give some
idea on the thermal capacity efect, but do not provide
the actual thermal performance of a section. The
thermal behaviour of a building section is aiso a
function of the sol-air tempzrature wave form, which
depends on the climatic factors, surface coleur, and
crientation. For arriving at a generalised basis of
thermal rating of building sections rigorous periodic
heat flow theory is to be considered. It is possible
to compute hourly inside surface temperature and
heat flow through building sections under given
climatic conditions, but the procedure involved requi-
res large computations, which may not be easy for
What is needed

actual thermal behaviour of building cections, under
typical climatic conditions. This digest attempts to
fulfill this need and provides a guidance to the design-
ers for proper selcetion of flat roof rections in | ot dry
climates.

For thermal comfort the roof should ensure lower
internal surface temperatures to minimize the radiant
heat load to the occupants. Higher ceiling temperat-
ures also contribute indirectly in raising the indoor
air temperature. Hence ceiling temperature can be
taken as a criterion for thermal performance rating of
the roofs. Peak degree hours (P.D.H.) above a base
temperature of 30°C, and peak heat gain factor
(P.H.G.F.) for a conditioned enclosure at 25°C have
been taken as the basis for the evaluation of thermal
performance of roof sections of unconditioned and
conditioned buildings respectively.

Flat Roof Sections

A typical flat roof may be of three or four layer

composite construction (Fig. 1). The basic structural
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FIG1 . A GENERAL FLAT ROOQF. CONSTRUCTION

element usually consists of RCC, REC or stone slabs.
Precast concrete roofing units of different types and
shapes have come into usc in recent years. Light
weight concrete and aerated concrete are also expected
to become popular in the near future.

Exterior _ treatments fall under two categories
-insulative and water proofing. In traditional roof
constructions, lime concrete and mud phuska, which
arc believed to act as thermal ins:tlation, are COMMOA.
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. A variety of other insulating materials such as foamed
concrete, vermuculite, coconut pith concrete; and
materials with extremely low density and high ther mal
resistivity, such as thermocole, fibre glass, mincral
wool are also in use to some extent.

The water proofing layer may be either a bitumen-
ous product like tarfelt or simple bricktiles.

Cement sand plaster is the most common interior
finish for normal buildings. :

Rating and Classification

\

The basis adopted for rating and broad classification
(A,B,C,D and E) for unconditioned and conditioned
situations are given in Table 1 (a) and 1 (b) respectiy- I8
ely. The thermal performance index (T.P.L) and ‘
broad classifications for a number of roof sections
with different combinations of structural and insulative
layers have been worked out for both unconditioned
and conditioned situations and are given in Table 2,
It can be seen from the Table 2 that the traditional

TABLE—] Basis for Thermal Performance Rating of Reofs
(a) Ung:onditioned Buildings
S. No.| Peak Degree Hours 1 Thermal CLASS | Quality of Remarks
: (P.D.H.) l Performancs Performance.
Deg. C. above 30°C t Index (T.P.1)
1. <6°C <75 A Good Preferable where better
standards are aimed at.
2. ~6°<10°C ~75<125 B Fair Acceptable though not adequate.
3. ~100<14°C >125<175 (&) Poor Unsatisfactory. Requires mode-
rate treatment to upgrade to B.
4. > 140<18°C >175<225 D  Very poor l’ Very unsatisfactory
5, >18°C >225 E Extremely poor J‘ Requires high degree of insula-
Ltmn to upgrade to B.
N B: P.D.H. 8°C corresponds to 100 in T.P.1.
(b) Conditioned Buildings
g, No. | Peak Heat Gain Factor Thermal CLASS | Qnality of Remarks.
(P.H.G.F.) K. CalM™. HR” 1| Performance Performance
Index (T.P.1.)
18 <20. <50 A Good Pereferable and ccono-
mically justified.
7%, >20<40 >50<100 B Fair Acceptable but not
fully adequate. 2
; Unsatisfactory. With
3. >40<60 >100<150 C Poor moderated treatment
can be upgraded to B.
: Very unsatisfactory.
4. >00<80 >150<200 D Very poor | Requires high degree 0
{ msulahon to upgrade
5. >80 =200 E Extremely poor |to B

 N.Bi- PHG.F. 40.0K.cal. M™% HR~! Corresponds to 100 in T.P.L
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roofing constructions without additional thermal
protected treatment (I.1, IL.1, III.1), mostly fall under
the class D and E which are poor in thermal perform-
.ance. Lime Concrete and mud phuska type of treatme-
nts (1.2, 1.3, 1.4, I1.2, 11.3, 1I.4, 111.2, 1IL.3), which
provide capacitive type of insulation, can hardly push
them to class C or to the border line level in class B.
Sections with insulative concrete (1.5, 1.6, 1.8 ILS,.
I1.6, 11.8, 1I1.4) treatment of 5.0 cm thickness, mostly
come under class B. In order to bring into class A
atleast 10.0 cm thickness of insulating concretes
(1.9, 1.10, I1.9, 11.10, IIL.6) or 5.0 cm thickness of
thermal insulating materials (I.11) are to be used.

Higher standards (class A) are justifiable for conditio-
ned buildings as the additional cost involved would pay
for itself in terms of reduced initial and running cost of
air conditioning. For unconditioned buildings also,
classA may be preferred as it would practically elemin-
ate radiant heat load from the ceiling to the occupa-
nts. But taking into consideration the prevailing econo-
mic conditions of the country, class B, the next lower
performance standard may be recommended.

Within a class, further grading of the sections can be
made on the relative merit as indicated by the T.P.I
values.

Effect of Different Treatments on T.P.IL.

The thermal performance of a roof section can be
improved in severa 1 ways viz, white washing, shading,

and insulation treatments. The effectiveness of the treat-

ment also depends on the type and thickness of the basic
structural element. The relative improvement in the
performance, by the above mentioned treatments for
three basic roof slabs namely 5.0 cm stone, 10.0 cm
R.C.C. and 20.0 cm R.C.C. is illustrated in Fig. 2 (a)
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’ fiG.2.¢a). EFFECT OF DIFFERENT _TREATMENTS ON THERMAL
1 " PERFORMANCE INDEY

and 2 (b) for unconditioned and conditioned buildings.
It can be seen that the insulation is more effective for
conditioned buildings. Though fresh white wash brings.
the T.P.I. to practically half of its untreated value, its
effect should not be expected to last long due to dust
collection and algae growth. It is however inexpensive
and can be repeated before each summer season.
Shading can be expensive and has to be incor porated
in the design of the roof system itself. If economics
permit a moderate insulation (5.0 cm of foam con-
crete or 2.5 cm of thermocole, or flbre glass, or mineral
wool) is advisable.

SO _CONDITIONED
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FIG.2.¢b). EFFECT OF DIFFERENT TREATMENTS ON THERMAL
PERFORMANCE __ INDEX I'é

This method of rating can also provide an idea of
the absolute values of peak inside surface temperatures
and peak heat gain factors for any given section. For
example, for the roof section I. 2 in Table 2. the T.P.1.
value for unconditioned case is given as 134. The
P.D.H. value of the inside surface will then be

PDH. =—0=x 134 = 10.7°C

Thus the peak inside surface temperature will
be, tis (peak) = Base temperature + P.D.H. i.e
30°C+10.7°C = 40.7°C.

For conditioned case the corresponding T.P.1.

is 143. The peak heat gain factor (P.H.G.F.) will
then be
P.H.G.F.= %8—0 x 143=57.2 Kcal M~ HR-1, Similar

values can easily te worked out for any other section.

Concluding Remarks

The thermal performance index and classification



flow theory and may be used for a proper selection of
flat roofs in hot dry climates. As the T.P.I. is evolved
on a comparative basis, this rating should hold good
for slightly different sol-air temperature and indoor
air temperature variations that are likely to occur
within a climatic region.

The : list presented in the digest covers most of the

There is a demand for short

roofs sections of the existing practice.

One may hoy,.
ever come across some other combinations of poop

sections: The thermal performance index and classifiq.
ation of such roof sections can easily be worked: out
and supplied to. the “interested party within a Week
Such enquiries are most welcome. {
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