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NORTHLIGHT SAWTOOTH ROOFS,

Introduction

Utilisation of daylight for performing any visual
task is healthy and economical. The amount of
light required for satisfactory and strainfree
performance of the task depends upon the
nature of task itself and on other factors like
contrast detail, fineness of work and acuteness
of vision. Small variations of illumination are
taken care of by the adjustment of the pupil of
the eye but largevariations result in undesirable
eye strain, These considerations apart,
changes in daylight intensity from sunrise to
sunset provide a harmoneous variation of the
visual environment inside a building normally
welcomed in the performance of visual task.

In India, except during the monsoon season,
the sky is clear and the sunlight plentiful. The
proper utilisation of daylight to get the appro-
priate illumination levels on the working plane
in factories will result not only in considerable
economy of electric power but also add to the
wellbeing of workers inside the factory.

This Digest deals primarily with daylighting
inside factories in the tropics and explains the
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IN THE TROPICS

various factors that contribute to the illumin-
ation on the working plane and methods of
working out fenestration sizes for the required
task illumination in accordance with Indian.
Standards* for clear design sky.

Results of calculations and model measure-
ments at the Central Building Research
Institute have conclusively proved that in
latitudes north of the Tropic of Cancer
(23 deg. N) northlight openings can provide
adequate shadow-free illumination on the work-
ing plane in factories. The duration of sunshine
on vertical northlight openings for several
latitudes north of the Tropic of Cancer is given
in Table 1. However, these values will change
if the northlights are inclined.

The penetration of direct sunlight through the
northlight openings is either during the early
morning hours or the late evening hours of the
day; hence for most part of the year this will
not cause any serious inconvenience.” Itis to
be borne in mind, however, that incidence of
direct sunlight on machinery or moving parts in
a factory is to be avoided.

TABLE 1-Sunshine Hours on North Facing Wall (Solar Time)

Ii

—

: Sept. 23 and April 16 and May 16 and dune 21

Location March 21 August 27 July 28

23°N Nil Upto 0730 h Upto 0930 h - * © Throughout the
After 1630 h After 1430 h ... day

25°N Nil Upto 0725 h Upto 0910 h Upto 1030 h
After 1635 h After 1450 h After 1330 h

27°N Nil Upto 0720 h Upto 0850 h Upto 1000-h
After 1640 h After 1510 h After 1400 h

29°N Nil Upto 0710 h Upto 0830 h Upto 0920 h
Adfter 1650 h After 1530 h After 1430 h

31°N Nil Upto 0705 h Upto 0820 h < . Upto 0900 h
After 1655 h After 1540 h -After 1500 h

33°N Nil Upto 0700 h Upto 0810 h -~ Upto 0850°'h.
After 1700 h After 1550 h Alfter 1510 h*-
Upto 0650 h Upto 0800 h Upto 0830 h

35°N Nil
AlEir After 1710 h

After 1600 h

After 1530 h

*1 IS 2440 (1975) Guide for Daylighting of Buildings

2 IS 6060 (1971) Daylighting of Factory Buildings



The Sky and Reflected Components of

Dayilg ht Factor

The daylight reaching the wor]{inér plane inside -

a factory through the sawtooth openings
consists of two parts, viz., that from the sky
patch visible from the point of observation and
that part of the daylight reaching the same point
after reflection from the roof, ceiling, walls and
other internal surfaces. The former when ex-
-pressed as a percentage fraction of outdoor
design illumination (D=8000 Iux) is called the
sky component (S.C.) and the latter the internal
reflected component (LR.C.) The sum of sky
component and reflected compenent is called
the daylight factor (D.F.). Daylight factor when
multiplied by 80 gives the indoor illumination in
units-of lux for clear sky in India.

It has been found both from theory and model
measurements that :

(i) Only three ceilings on either side of the point
contribute significantly to the reflected part
of light reaching that point,

(iiy Only three nmthhghtopemngs north of a
point contribute to the sky- component at
- that point, and

(iiiy The level of the daylight becomes quite
steady after the third bay and" beyond star-
ting from the north.

For most purposes a working plane at a height
of 85 cm above the floor is taken as a reference
plane in design work. In this Digest, the height
of the lower edge of the northlinght openings
above floor has been considered as the sill
height,

Allowances for Factors affecting
Dayhghtmg Design

Dayhght on the working plane is related to the
size of fenestration, bay width of northlight roofs
and sill height of northlight openings. Fig. 1
provides design curves for sawtooth northlight
factory. for four-bay, six-bay and eight-bay
giving fenestration per cent per unit ‘daylight
factor at the centre of the workplane for assumed

reflectances of ceiling, walls, floor, roof and out-

side ground as 0.5, 0.5, 0.3, 0.25 and 0,25 respec-

_tively, where 0.5 represents an off white finish
- and 0.3-0.25-a -dull finish, Allowances have been’

made for 3 mm thick clear glass transmittance*
(0.85), reduction due to dust collection under
medium maintenance** condition (0.7), glass
area to gross window area ratio (0.9), obstruc-
tion dueto beams and trusses (0.7) and the
presence of louvres on windows (0.8). Value of
| R.C. for-different sets of interior finish are
given in Table 2. Any variation in finish from
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that assumed in Fig. 1 may be accounted for
with the help of this table. For cylindrical shell
roof which is a variant of sawtooth northlight
roof, there is reduction in the reflected com-
ponent for baywidths exceeding 5 m; for 13
meters baywidth it provides nearly one-half of

.the_reflected component as given by the equi-
-valent sawtooth having same baywidth and

fenestration per cent. The Z-folded plate which
is another variant of sawtooth roof is, however,
as efficient as the equivalent sawtooth for.all
the bay widths.

*6 mm thick wired cast glass transmittance =0, 67

*%(a) Good maintenance = 0.9
(b) Poor maintenance = 0.6
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TABLE 2-A7\£erag’e‘ Internal Réﬂé&:téd'
(IRC) for Sets
of Surface reflectances Repre-
senting Good, Medium and Dull
Finish.

Components

Surface reflectances for different finihses

illumination. A reduction in the span from 60 m
to 20 m reduces the workplane ‘illumination by
a‘factor of 0.9, The‘values given here refer to the
design ‘time corresponding ‘to‘a solar altitude
of 15° in the sky. ~An:increase in daylighting
occurs when the sun goes .up in .the sky.. As a
general rule -on clear days this.increase at
noon time will be between 1.2 and 1.5 times the
value given in Fig. 1. ganint ol

*in design curves of Fig. 1

The span has been,as_sumed.t'o be 60 m beyond

which there is no change in the expectable %

Table _3.

Fenes- : C , i :

Beion GondiRinish: Mediﬁm*' DUl thann | ThaDeslgnof,the Bawtooth R°°f_ -
f é’:ﬁt Ceiling 08 'Cé.iflli?llghoﬁ Ceiling 0.3 Depending upon the task to be performed insi-
Walls 0.8 Wall 05| Wall 03 de the factory, a level of illumination is chosen
. Floor 0.3 Floor . 0.3 'Floor 0.3 from Table 3. The size of the machinery employ-
10 2.2 1.0, 0.5 ed decides the height at which  the. northlight
;(5) gg 12 %; openings are to be located, , Once the.illumina-
25 3.95° 1.9 1.05  tion level and the height of the sill above the
30 4 35 215 1.2 working plane. has been decided . upon,

fenestration per centcan be determined from

set of design curves as follows:

(1) Determine task illumination in ‘terms:: of
.. daylight-factor from Tabe.3. -

Recommended Lighting Levels for "Factory“ Interiors
" (Indian Standard Code of Practice 1S: 6060-1971)

'Type-of work

Recommended iH-l-J_r‘ni‘na,tion,..._

“'Assembly shops:

(a') -Rough work, for example, frame assembly and assembly of.

heavy machinery .
(b) Med
vehicle body assembly

(c) Fine work, e g, radio and telephone equipment, typewriter

and office machinery assembly

(d) Very fine work, e. g. assembly of very small precision

mechanisms and instruments
Bookbinding ;

Boot and Shoe factory

Carpet factary-Winding, weaving
Chemical works-Plants, Control rooms

Clothing factory-Cutting Sewing. Light, Medium, Dark
Electricity generating stations-Turbine halls, Control desks

Forges SR
Foundries-Rough moulding, fine moulding

Iron and steel works-Melting shops, Inspection

Machine and fitting shops:
Rough bench and machine works

Medium work e. g. machined parts, engine assembly and

Medium bench and machine work, ordinary machines,

rough grinding, medium buffing and polishing
Paint works-Rough spraying, Processes, Finishing
Paint works-Retouching-and colour matching
Paper works—Machine houses, Inspection

Printing works-Block making, Composing room
Soap Factory-General areas, Control panels

.. Textiles-Spinning, cloth inspection
" 'Warehouse and storing-Loading bays, Packing
(i +f

Lux o |”"Day|inght
: - | Factor-(D. F. )
150 19
300 3,87 "
700 8.8
1500 18.8
200-300 2.5-3.8
700-1000 8.8-12.5
200,450 = 25,56
150,200-300 1.9,25-3.8
300,450,700 ' | 3.8,56,8.8
200,300 2538
150" 1.9
150,300 1.9,3.8
100,20C-300° [ 1.3,2.5-3-8
150 19
300 3.8
150,200,450 - | 1.9,2.5,5.6
700 8 0any
200,300 2.53.8"
200,450 | _ | 215,56 ¢
150,200-300 | 1.9,2.5-3.8
150,700 1.9-8.8
100,150 13,1.9 .
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(2) Locate curve for given baywidth and num-
~ber of bays in Fig. 1. For given sill height
on the abscissa, read along the ordinate of
Fig. 1 the value (X) of per cent fenestrat-
ion per unit daylight factor.

(3) Multiply X with the required daylight factor
to obtain the required per cent fenestration.

(4) If the glass transmittance or maintenance
factors are different from the assumed
values, the required per cent fenestration
will be modified proportionately.

Example

Determine the fenestration per cent required for
an assembly shop for medium work,e.g., engine
assembly for (a) medium, (b) poor maintenance
conditions in a four-bay sawtooth northlight
factory building of 7 m bay width and 8 m sill
height.

Solution
(a) Medium maintenance condition

(1) From Table 3. illumination requirement for
assembly shop for medium work —
300 Lux, i.e., 3.8 D. F,

(2) Locate curve for 7 m bay width and 4 bays.
For 8 m: sill height on the abscissa, read
the value (X) of fenestration per cent per
unit daylight factor along the ordinate.
as 6.7. :

(3) Fenestration per cent = 6.7x3.8 — 25.5%
of the floor area. Since Fig. 1 assumes
medium maintenance this is the required
fenestration. :

(b) Poor maintenance condition

_For poor maintenance condition, the mainten-

ance factor should be 0.6
25.5% 0.7

Aem T e

Required fenestration per cent will be
= 29.8% of the floor area.

Recommendations

(a) Glass area should be provided in accorda-
nce with the required task illumination.

(2) Vertical glazing should be preferred over
sloping type glazing.

(3) Wherever possiblea good light reflecting
finish should be provided on the roof, cei-
ling and other inside surfaces.

(4) The poor maintenance of glazings is one
of the major factors respo'nsible for poor
level of lighting. Therefore, a periodic sche-
dule for cleaning need be followed to ach-
ieve better work plane illumination.

(5) The production lines and machines, such
as, shapers, milling machines, planers and
lathes should preferably be located with
axis at right angles to the roof lights and
the critical tasks should face the roof lights.

There is a demand for short notes summarising available information
on selected building topics for the use of Engineers and Architects in
India. To meet the need, this Institute fs bringing out a series of
Building Digests from time to time and the present one is the 142nd in
the series. Readers are requested to send to the Institute their experience
of adopting the suggestions given in this Digest.

UDC 628.9.02.006.3
SfB_ Ab7

Printed at :
Security Printers, Saharanpur

Preparcd by : G. D, Bansal and
B. K. Saxena
Publishsd by : I. D. Agarwal
~ Central Building Research Institute
.Roorkee, India
January, 1981

...............




