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13.35m. | 10.50 m. 7.65m. 4.80 m.
Basal metabolism 50.95 51.33 51.84 52.61
Sitting at rest 72.01 72.55 73.36 74.49
Sedentary activity 87.1 87.8 88.73 90.22
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1335m. | 1050m. | 7.65m. | 4.80m.
Basal metabolism 2.8 2.8 2.7 2.6
Sitting at rest 1.8 1.7 17 17
Sedentary activity 1.4 1.4 1.4 1.3
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AM P.M.
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
Basal metabolism 2.35 1.94 1.97 13.00 24.40 41.09 4.77 257
Sitting at rest 4.41 422 413 18.45 34.48 55.00 7.93 5.14
Sedentary activity 6.18 5.81 5.90 22.57 42.61 67.14 10.46 7.28
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13.00 (01.00P.M.) 16.00 ( 04.00 P.M.))
Me’/person Mz/person M3/person M2/person
Basal metabolism 76.3 287 214.9 82.65
Sitting at rest 99.7 38.3 276.6 106.4
Sedentary activity 119.1 45.8 325.3 125.1
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AM P.M.
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
Basal metabolism 26.2 31.7 31.2 4.7 25 1.5 12.9 23.9
Sitting at rest 13.9 14.6 14.9 3.3 1.8 1.1 7.8 12.0
Sedentary activity 10 10.6 10.4 2.7 1.4 0.9 5.9 8.4
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Sitting at rest 14.9 3.3 1.8 1.1 7.8
Sedentary activity 10.4 2.7 0.9 5.9
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1041 W.A. 2544 uazAadedayanieiniAmepauletineaii

Mean between Data for the year 2001
13.00 — 16.00
Basal metabolism 32.75M° | 12.60M° | 3224M° | 12.40 M
Sitting at rest 44.74M° | 1721 M° | 48.7AM | 17.97T M
Sedentary activity 5488M° | 21.11M° | 57.08M° | 21.95M°
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13.35 M. 10.50M, 7.65 M. 4.80M.
Basal metabolism 70.5 71.3 72.5 74.2
Sitting at rest 103.5 104.9 106.5 108.8
Sedentary activity 127.4 128.9 130.8 134.2
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13.35 M. 10.50M. 7.65 M. 4.80M.
Basal metabolism 0.625 0.708 0.778 0.861
Sitting at rest 0.958 0.958 1.014 1.056
Sedentary activity 1.083 111 1.236 1.361
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Practically open area Theoretically efféétive open area
In & out area(M?) % of floor area In & out area(M?) % of floor area
13.35 m. | only window In & out area 3.1 M 9.08 3.8 10.7
10.5 m. 4.1 11.8
7.65 m. | add door area and window in & 14.06 4.7 13.4
480m. |out4.8M 5.7 16.2
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This research, namely “ a study of the appropriate minimum function space for living flat

type residence (case study: Din - Daeng housing project, Bangkok), be subsidized by the

ministry of university affairs.

Study progressive; finding;

To find the solutions; the appropriate minimum volumetric space of each functional

activities and the factors influence effective the change of volumetric space.

1.
2.

Study the variation of climatic datum of each year, month and 3 hours.

Study metabolism rates for adult male, the biophysical process within the body, lead to
the production of heat. Total avefage metabolic rates per person vary by his activity,
as 70 kcal/h of basal metabolism, 100 kcal/h of sitting at rest and 120 kcal/h of
sedentary activity.

Study the heat interchange process between skin surface of human body and air
neighboring by radiation, convection and evaporation.

Study the consequence of microclimate, context of the building site and actually
volumetric living space unit. |

Study 2 theories, in firstly, the thermal comfort index, name ITS, the index of thermal
stress, a biophysical model describing the mechanisms of heat exchange between the
body and the environment. Secondary, theory about the thermal comfort ventilation by
heat transfer, providing comfortable to prevent moist skin dependent on the climatic
conditions in terms of air velocity, convection heat flow rate from body skin and
surrounding air.

Study the wind velocity, prevailing direction, and context of the case study's building,

to consider about in-out window area compared with window area in theory.



210524

7. In this research not only study of the volumetric space for activities but also space for

human comfort in thermal environment, so the theme indicated the climatic influences,

originated all the solution, as shown underneath:-

Part one; to analysis the climatic datum as below;

1.1 Six years of climatic datum, between 1996 — 2001, Bangkok station, 34.33 - 32.29 °c

range of air temperature, 89.92 — 80.5 % of relative humidity and 2.82 — 1.82 knots, 33.5

meters height of wind velocity. To calculate from climatic datum for corrected effective

temperature index (CET) : comfort zone ranges as shown :-

1998 1999 2000 2001 - |
Upper limit of comfort zone 26.11 25.68 257 26.03
Lower limit of comfort zone 23 11 2268 22 68 23.03

1.2 To calculate total average wind velocity from 4 years between the year 1998 — 2001, 3

hours each, showing about higher velocities usually occurred between 01.00 — 04.00

p.m.

01.00

04.00

07.00

10.00

13.00

16.00

19.00

22.00

Velocity (knots) 1.21

0.745

1.073

2,94

3.75

3.43

2.45

1.68

Part two: the result of the study from 6 years climatic datum,

2.1. To study the variation of activity volumes, measuring closely the human body in

cubical figure, be showed that the maximum space requirement of various body postures from

adult as 1.0533 m® for standing, 1.1096 m’ for sitting on chair or squat on floor 0.8478 m’ for

lying on bed and 0.7022 m° for walking, minimum value for human cubic about 0.309 m .

2.2 To combine effect of many factors, 6 years between 1996-2001 climatic datum, the

context of case study location and theory index of thermal stress (ITS.), as:-
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S= [IVl - 0.2 (m-100) + o v (ta— 35" )] o 00(EEmax-0.12)

And theory of thermal comfort ventilation by heat transfer, as:-

S = (1300 x ACH x volumetric space/person x/\ T) / 3600

To typify the volumetric space per person of each functional activities and floor height;

13.35 m. | 10.50 m. 7.65 m. 4.80 m,
4" floor | 3™ floor | 2" floor 1* floor
Basal metabolism 50.95 51 .33 51.84 52.61
Sitting at rest 72.01 72.55 73.36 74.49
Sedentary activity 87.1 87.8 88.73 90.22

Remark : The height of each floor, as shown, came from the height between middle level of floor

to ceiling of each floor and the ground floor.

2.4 Thence, living density, as shown in table below, numbers of person / multipurpose living

space (about 61.464 I\/ls)

13.35 m. | 10.50 m. 7.65 m. 4.80 m.
4" floor | 3“floor | 2™floor | 1% floor
Basal metabolism 2.8 2.8 2.7 26
Sitting at rest 1.8 1.7 1.7 1.7
Sedentary activity 1.4 1.4 1.4 1.3

To compare with the purpose living density from national housing authority as 5.3 persons/unit,
and uppér tables, in critical time of 6 years, 12 month, showing the total average was not more

than 1.3 person in every activity', and every floor of flat building.

Part three: the result of the study of 7.65 meters height of case study room, recording 51 days
of each 3 hours for one year of 2001.

3.1 To show the variation of the volumetric space of 3 hours each in functional activities.
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AM. P.M.
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
Basal metabolism 2.35 1.94 1.97 13.00 24.40 41,09 477 2.57
Sitting at rest 4.41 422 4.13 1845 | 3448 | 5500 7.93 5.14
Sedentary activity 6.18 5.81 5.90 2257 | 4261 67.14 10.46 7.28
3.2 To understand about the volumetric space per person in critical thermal period.
13.00 (1PM.) 16.00 (4 PM.)
Ms/person leperson M3/person M2/person
Basal metabolism 76.3 28.7 214.9 82.65
Sitting at rest 99.7 38.3 2766 106.4
Sedentary activity 119.1 458 325.3 125.1

3.3 Living density / multi-purpose living space (about 61.464 m3) of case study unit, at 7.65 m.

floor height

AM, P.M.
01.00 04.00 07.00 10.00 13.00 16.00 19.00 22.00
Basal metabolism 26.2 31.7 31.2 4.7 25 1.5 12.9 23.9
Sitting at rest 13.9 14.6 14.9 3.3 1.8 1.1 7.8 12.0
Sedentary activity 10 10.6 10.4 2.7 1.4 0.9 59 8.4

3.4 To clear a time of each activity acts, assume as basal metabolism used to do between

19.00 — 04.00, sitting at rest between 07.00 — 19.00 and sedentary activity between 07.00 -

10.00, 16.00 — 19.00.

AM. P.M.
01.00 04.00 07.00 10.00 13.00 » 16.00 19.00 22.00
Basal metabolism 26.2 31.7 12.9 23.9
Sitting at rest 14.9 3.3 1.8 1.1 7.8
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1 Sedentary activity

10.4

2.7

0.

9

59

To consider about living density/ living space as shown; living space can be used to sleep

| a’béut 12 pefson and sitting at rest about 3 person in the morning, one person in the evening,

also working sedehtéry about 2 person in the morning and one person in the evening. All these

conclusion happening on the second floor, 7.65 m. floor height of flat building no. 29.

3.5 Comparison with volumetric space per person and area per person on second floor

. between critical thermal period 3 hours recording and yearly climatic datum in the same year,

2001,as shown under:-

bMeans between Yearly climatic data for
13.00 — 16.00 the year 2001
Basal metabolism 3275M° | 12.60M° | 32.24M° | 12.40 M?
Sitting at rest 44.74M° | 1721 M | 4671 M° | 17.97 M?
Sedentary activity 54.88M° | 21.11M° | 57.08M° | 21.95 M?

Part four: The another studies:

4.1 To find out the energy in watts required sweat rate from each activity between the year

1996 —2001.

13.35 M., 10.50M. 7.65 M. 4.80M.
Basal metabolism 70.5 71.3 725 74.2
Sitting at rest 108.5 104.9 106.5 108.8
Sedentary activity 127.4 128.9 130.8 134.2

4.2 To find the representative total average of sensible perspiration scale (SP. Scale) each

activity
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13.35 M. 10.50M. 7.65 M. 4.80M.
Basal metabolism 0.625 0.708 0.778 0.861
Sitting at rest 0.958 0.958 1.014 1.056
Sedentary activity 1.083 1.111 1.236 1.361

Conclusion, SP. Scale for over all not more than 2, about 1, meaning skin clammy but

moisture invisible.

4.3 To estimate the evaluation of natural ventilation system in flat building, specially of case
study, by assume the ventilation rate for living space as 4 air changes per hour, and finally
showing the area of effective open area in theory, comparison with the open area in practical.
(34.14 M? of floor area) As table showing below, case one, expressed the quantity of actually
open in & out window area not enough for natural ventilation system. And case two, by adding
the door area, the practically open areas were enough for the upper of second floor, but not for

the first floor.

Practically open area Theoretically effective open area
In & out area(M?) % of floor area | In & out area(M?) % of floor area
13.35m. | Case 1; 3.1 M° of only window in 9.08 3.8 10.7
10.5m. | &outarea 4.1 11.8
765m. | Case2; 4.8 M? of in & out window 14.06 a7 13.4
4.80 m. | and also door area 57 16.2

Legal requirements need open area in minimum not less than 10% of floor area. It can said
that the level above 13.36 m. height, can be installed open area only 10 % of floor area, but it
was not enough for ventilation on the floors below.

Conclusion; to understand clearly about human bubble space after working with this
research, indicated about the volumetric space for functional activities, that could be varied with

climatic factors, the context of case study building, and considerable period.

Finally, this research present the newly procedure to find the quantity of individual
volumetric space for living and also population density in the whole, consider to prevent crime

and dangerous events in social.






