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Measurement and simulation optimization of light environment of
traditional dwellings: the case study of Miao dwelling in Huangtu Village.

Danzhai County, Southeast Guizhou
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Abstract: Because traditional dwellings are basically built by the villagers, and the light environment design
is rarely considered, the indoor lighting effect of the building is poor. In order to improve the light
environment of traditional dwellings, a light environment experiment was carried out on a representative
Miao dwelling in Huangtu Village, Danzhai County, Southeast Guizhou. The light environment was
studied in combination with the spatial characteristics of the dwellings. The results show that the
daylighting performances of the main rooms do not meet the requirements of standard for daylighting

design. The size and position of daylighting windows, the form of interior space, and the reflective
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properties of surface materials all have an impact on the interior light environment. Quantitative analysis of
various influential factors was conducted by software simulation. With the premise of minimizing the
impact of light environment transformation on the original architectural features and spatial structure, the
comprehensive optimization strategies for light environment of traditional dwellings were put forward, such
as adjusting the size and quantity of lighting windows, increasing the roof daylighting tiles and daylighting
windows under the eaves, paving light color wallpaper, and setting adjustable reflective louver. The results
of the study can provide reference for the protective transformation of interior lighting environment of
traditional dwellings and the daylighting design of new dwellings.

Keywords: southeast Guizhou; traditional dwellings; lighting environment; optimization strategies;

protective transformation
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Fig. 1 The layout of Huangtu Village
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Fig. 2 The tested dwelling

(d) FEET

B3 MARBEEARALES

Fig. 3 The interior lighting environment of the tested dwelling
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Fig. 4 Arrangement of measuring points
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Table 1 Measured ratio and standard values of glazing to floor area
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(ADET 0.07 0.20 0.13
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(OEX 0.07 0.20 0.13
(D) J8t 5 0.06 0.20 0.14
(E)YET 0.06 0.12 0.06
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Table 2 Measured illuminance value and related data of main rooms

KRG IR EE /1x
1 A2 B s N HE g
PR 5B *fgjg PRl S
104.70 311.00 142.50
72.40 183.10 86.20
(MDET 22.59 69.90 28.20 73.58 300 0.07
8.89 24.40 12.40
6.88 22.00 8.60
5.40 139.20 33.20
(B)H 2 10.07 79.50 99.60 51.12 300 0.11
22.50 15.85 54.80
46.70 102.60 128.80
(OEX:) 149.22 300 0.31
73.20 309 235.00
113.40 308.50 130.10
(D) & 5 73.05 300 0.08
80.70 192.10 70.90
22.68 70.30 26.80
(E)YET 12.40 22.40 14.30 73.05 150 0.08
6.05 15.98 9.10
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Table 3 Measured values and standard values of daylighting factor %
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Table 4 Simulated values and measured values of original interior daylighting factor %

J5 18] % # : " WER
SENAE LA

(MEIT 0.66 0.61 7.6

B HEZ 0.46 0.44 4.3

(OEX) 1.33 1.27 4.5

(D) 6 0.65 0.61 7.6

(B&E)T 0.65 0.61 7.6

EEEEEERE: : :

o ————

™
I 1 o e SR AR
Bs5 FeEEPRHRERBEUER

Fig. 5 Simulated results of the interior daylighting factor under clean windows
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Fig. 6 Opening windows on the external wall
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Fig. 7 Simulated results of daylighting factor after increasing

the quantity of windows
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Table S The data comparison before and after increasing the quantity of windows
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Fig. 8 Simulated results of daylighting factor after

improving interior reflectance
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Table 6 The data comparison before and after improving interior reflectance
Ak i etk g i etk g
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Fig. 9 The top daylight windows
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Fig. 10 Simulated results of daylighting factor after the addition of the top windows
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Table 7 The data comparison before and after the addition of the top windows

Rl ik 5 Ak ik 5
55 1] 2 AR R R ik b TR R ik R i kkr MR KT
Z U % K FRE Y 7N KERE BHiw A /1 MM/ s MEMHE/ B
% &5 % & 1x 1% 1x &5
(B E R 2.4 0.57 X 2.48 N/ 300 63.66 X 278.11 X
(OEX 2.4 1.34 X 2.51 N 300 156.46 X 281.40 X
(P EM 1 2.4 1.46 X 2.86 N/ 300 160.18 X 320.37 J
(G WER 2 2.4 1.46 X 2.88 N/ 300 159.10 X 322.03 N
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Fig. 11 Simulated results of daylighting factor after comprehensive optimization
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Table 8 Data comparison before and after comprehensive optimization

L iain] Rt Pt AL AT RN

B i 4 KRB B N - REE AR . b

% 15 % 1% il % il 135 B
(MET 2.4 0.80 X 3.33 N/ 300 88.15 X 373.38 N/
(B)#J# 2.4 0.57 X 3.54 N 300 63.66 X 396.72 N
(OEN:) 2.4 1.34 X 3.88 N/ 300 156.46 X 424.82 N/
(D) it 5 2.4 0.80 X 3.33 N 300 88.17 X 372.92 N/
(E)&ET 1.2 0.80 X 3.33 J 150 88.17 X 372.92 J
(P kb 1 2.4 1.46 X 4,22 J 300 160.18 X 443.14 N/
(G W Fip 2 2.4 1.46 X 41.26 N/ 300 159.10 X 447.28 N
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Fig. 12 Adding daylighting windows

Fig. 13 Reconstruction of wooden doors
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Table 9 Comparison of various optimization measures for interior interface
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Fig. 14 Layout of bright tile on the roof
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Fig. 15 Layout of daylighting window under the eave
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Fig. 16 Adjustable reflective shutters
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