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Abstract. After massive earthquake 2015, thousands of Nepalese who lost their permanent 

houses by the hardest hits were forced to live in makeshift temporary shelters. The people 

residing in these shelters are facing extreme coldness that causes various health-related 

problems in winter. The field measurement on indoor thermal environment was conducted in 

one of the district hit by massive earthquake, Lalitpur. The indoor and outdoor air temperatures 

of five shelters were measured by a set of thermometers with digital data loggers at the ten 

minute intervals in winter. The mean indoor and mean outdoor air temperatures during the 

measured night-time were found to be from 10.3°C and 7.6°C; they were lower than lower 

limit value of acceptable indoor temperature at 11°C found from our previous research. We 

analyzed the thermal characteristics of those shelters measured for seeking whether the 

improvement is possible or not and also how much of it is affordable. Thus, in this study, we 

evaluated the indoor thermal environment by estimating the heat-transmission characteristics 

of the used materials in these investigated shelters. The total heat loss coefficient estimated in 

five shelters per respective floor areas ranged from 11.2 to 15.4 W/(m
2
·K). These values 

obtained are very large due to low thermal insulation materials used. The paper ends with 

important lesson that reduce the total heat loss coefficient needs to reduce down to 2~7 

W/(m
2
·K) for realising the need to indoor air temperature above at 11°C could be 70% of 

nighttime hours. Such reduction of heat loss was found to be realized by adding affordable 

materials, i.e. cellular polyethylene foam and clothes for respective walls and roof. 

1. Introduction

Temporary housing is defined as a place where families can re-establish household responsibilities and

daily activities for an interim period until a permanent housing solution can be found [1]. Indoor

environment and living condition under makeshift shelters are to be concerned and need an urgent

attention in the context of disasters to come. After massive earthquake 2015, thousands of Nepalese

who lost their permanent houses by the hardest hit were forced to live in temporary shelters. Those

makeshift shelters were mostly built by using zinc sheets and insufficient thermal characteristics. Their

indoor environments are very much affected by outdoor environment. Lack of finance and resources

make these people to think and use local and affordable material such as plastics, tarpaulins, bamboo

slits, mud plaster and plywood under or over the zinc sheet to protect themselves from harsh indoor

climatic conditions. It is a well-known fact that basic designs of temporary housing have a direct

impact on the residents’ well-being and quality of life. Therefore, temporary housing designers must
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consider various material properties and building structures wisely to ensure overall well-being of 

occupants [2].  

     Three years after the devastating earthquakes that struck Nepal, the recovery is very slow. Many 

families who lost their permanent houses, they are still living in temporary shelters due to various 

reasons such as the lack of infrastructure, lands, manpower, economic condition and materials 

availability. Temporary housing should provide protection from the outdoor environment, and 

contributes to secure personal health and well-being and bridging the gap until permanent is available 

[3]. 

     Several studies have been carried out focusing on thermal evaluation of indoor temperature [4]: 

some have conducted thermal performance analyses of emergency shelter using dynamic building 

simulation to improve of temporary shelters, [5-8], some others focused on the improvement of design 

and construction in the post-disaster temporary housing during the emergency phase [9-11]. But in the 

context of Nepal after the massive earthquake, few researches have been conducted on this issue [12-

13].  

     Our previous survey [13] has found that the people residing in shelters were facing extreme 

coldness in winter; the lowest limit value of acceptable indoor air temperature of respondents was 

found to be 11°C which was identified from the survey data obtained from the daytime measurement 

together with the thermal sensation vote. Since the thermal characteristics of temporary shelters are 

poor, the indoor air temperature during nighttime could definitely be below the lowest value of 

acceptable indoor air temperature. With this likeliness in mind, the objectives of this paper are: 1) to 

evaluate the thermal characteristics of indoor thermal environment on the basis of materials used for 

the shelters; and 2) to examine the possible improvement of the shelters that can provide the occupants 

with a better indoor thermal environment.  

2. Thermal measurement method

2.1.  Research areas, general climate and temporary shelters

     Lalitpur, one of the earthquake severely affected district, has been chosen for continuous field 

measurement [13]. Nepalese climatic condition varies from one place to another in accordance with its 

geographical feature whose altitude is 1329m. November, December, January and February are the 

cold months of the winter season. The climate of Lalitpur is classified as warm and temperate. The 

mean outdoor air temperatures range between 11.1 and 15.8°C [14].  

    Originally, it was planned to investigate for seven shelters denoted as S1 to S7; six rectangular-

shaped shelters (S1, S2, S4, S5, S6 and S7) and one dome-shaped shelter (S3) were randomly selected 

for the field measurement as can be seen in Fig. 1. Regrettably, the sensors used in two shelters, S2 

and S7, were found to have malfunctioned [15]. Therefore, these two shelters were excluded and in the 

present investigation, we analyzed the thermal environment of five shelters. These investigated 

shelters have single room for living, sleeping and kitchen purposes. The shelter’s structure, size and 

materials used as insulation are different from each other. Thus, the thermal characteristics of those 

investigated shelters must be different from each other. Thus, people used local and available materials 

such as tarpaulin sheets, cellular polyethylene foam and others like clothes materials used in over or 

under the zinc sheets for protecting harsh indoor environment as shown in Table 1 [13]. 
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Fig. 1 Seven investigated shelters: S1, S2, S3, S4, S5, S6 and S7 

Table 1 The size of investigated shelters and the materials used 

S.C. Depth 

[m] 

Width 

[m] 

Height 

[m] 

No. of 

people 

Density 

[Persons/m2] 

Wall [mm] Roof [mm] Roof  

(External) 

[mm] 

Roof (Internal) 

[mm] 

S1 5 3.5 2.1 4 0.23 Zinc sheet : 0.26 Zinc sheet : 0.26 Straw : 60 
Thick clothes : 5 
and CPF : 6 

S3 3.7 2.5 2 4 0.43 Zinc sheet : 0.26 Zinc sheet : 0.26 Tarpaulin : 2 CPF: 6 

S4 6.0 5.0 2.8 4 0.13 Zinc sheet : 0.26 Zinc sheet : 0.26 None Thick clothes : 5 

S5 7.0 6.0 2.8 4 0.10 Zinc sheet : 0.26 Zinc sheet : 0.26 None Thick clothes : 5 

S6 3.5 2.6 2.1 2 0.22 
Bamboo : 8 and 
mud plaster : 5 

Zinc sheet : 0.26 None CPF: 6 

S.C: Shelter Code, CPF: Cellular Polyethylene Foam.

2.2.  Thermal measurement 

The continuous thermal environment measurement was performed for 16 days from 30
th
 January to 

14
th
 February, 2016. Indoor air temperature (Ti), outdoor air temperature (To), indoor globe

temperature (Tg), indoor relative humidity (RHi) and outdoor relative humidity (RHo) were measured 

by with respective sensors with data loggers at the interval of 10 minutes (Fig. 2). The data loggers 

S1 S2 S3

S4 S5

S7 

S6
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were placed 1m above the floor. The outdoor air temperature was measured just outside shelter S1. We 

assumed the same outdoor air temperature for other investigated shelters because all of the 

investigated shelters are located within the range of 5 km. 

Fig. 2 An examples of installed sensors with data loggers for measuring indoor thermal 

environment of S1 

3. Measured results

3.1.  Distribution of measured indoor air temperature

Fig. 3 shows cumulative frequency distribution of indoor air temperature of five shelters for 16 days.

The indoor air temperatures for all shelters are highly dependent on outdoor air temperature. The mean

indoor and mean outdoor air temperatures during the nighttime were found to be from 10.3°C and

7.6°C, they are lower than the lowest limit value of acceptable indoor temperature found from our

previous research. Thus, the indoor air temperature of nightime being intrinsically low is due to very

poor thermal insulation. About 50% of time remains below the lowest acceptable temperature at 11°C.

From this result, we can conclude that these shelters are not good for winter and create several

problems caused by coldness. The people were sleeping such a low condition with low temperature

which may effects on their health. This indicates that there must have been quite problem in nighttime

is more problematic in comparison to daytime.

According to the previous research [16], the mean indoor air temperature of night time found in 

traditional house located in Solukhumbu (Himalayan region) was 6.5°C in winter, which was close to 

our results. Another research has found that the indoor mean maximum air temperature ranges from 12 

to 15°C traditional buildings in Nepal [17]. These are all considered to be thermally poor buildings 

materials used, which cannot protect the indoor thermal conditions from outdoor environment. 

Fig. 3 Cumulative frequency curve of indoor air temperature 
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4. Method of simulation

In order to assess improvement, it is to set up the possibility of some model for the calculation of

indoor air temperature based on the findings by physical measurements. The energy balance equation

to be expressed as [Thermal energy] = [Thermal energy stored]+ [Thermal energy output] [18] can be

written down as follows. So that numerical calculation can be performed.

Here, Energy balance equation can be expressed as follows.

Hdt = CρVd𝑇𝑒𝑖 + ∑ 𝐴𝑖
5
𝑖=1 𝑈𝑖 (𝑇𝑒𝑖-𝑇𝑒𝑜) dt.           (1) 

where, H: the rate of heat generation [W], dt: infinitesimally short period of time, t [s], C: specific heat 

capacity of the space inside a shelter [J/(kg.K)], ρ: density of air [kg/m
3
], V: the volume of shelter 

space [m
3
], d𝑇𝑒𝑖 : infinitesimal increase of indoor air temperature [℃], Ai: area of “i”th four wall

including roof [m
2
], Ui: heat transfer coefficient of “i”th wall [W/(m

2
·K)], ∑ 𝐴𝑖

5
𝑖=1 𝑈𝑖: total heat loss

coefficient [W/K], Tei: indoor air temperature [℃], Teo: outdoor air temperature [℃]. 

The heat transmission coefficient (Ui) is expressed as, 

where, hro : radiative heat transfer coefficient along with the external surface [W/(m
2
·K)],   hco:

convective heat transfer coefficient along with the external surface [W/(m
2
·K)],  hri : radiative heat

transfer coefficient along with the internal surface [W/(m
2
·K)],   hci : convective heat transfer

coefficient along with the internal surface [W/(m
2
·K)],  R1 and R2 : resistance of the two materials

assumed in “i”th wall [W/(m
2
·K)]. In the calculation of 𝑈𝑖, we referred to thermal conductivity data of

the solid materials available from [19, 20] and we assumed the values of radiative and convective heat 

transfer coefficient to be follows:  hro = hri = 5.2 W/(m
2
·K), hco = 12 W/(m

2
·K) and hci = 3 W/(m

2
·K).

The heat flow, 𝑞𝑖[W/m
2
], through a wall of may be expressed as

𝑞𝑖= 𝑈𝑖(𝑇𝑒𝑖 − 𝑇𝑒𝑜)  (3) 

     Once the values of heat loss coefficient are estimated, the unknown variable left in eq. (1) becomes the 

heat capacity, CρV. In this study, the value of CρV is estimated by approximating equation (1) with the 

finite differential equation. The calculation of CρV is made from 

CρV = 
[𝐻−∑ 𝐴𝑖  𝑈𝑖

5
𝑖=1 {𝑇

 𝑒𝑖(𝑛)−𝑇
𝑒𝑜(𝑛) }]∆𝑡

𝑇
𝑒𝑖(𝑛)−𝑇

𝑒𝑜(𝑛)
     (4) 

where ∆t as the finite internal of time, 𝑇𝑒𝑖(𝑛) − 𝑇𝑒𝑖(𝑛 − 1) as the finite increase of indoor air change

from (n-1) is the finite temperature change from (n-1) ∆t  to n∆t, where, n is integer (n = 0, 1, 2, …..). 
     The values of CρV obtained for each time interval, ∆𝑡, are averaged to determine the single value of 

CρV. Once we come to know the values of total heat loss coefficient (∑ 𝐴𝑖
5
𝑖=1 𝑈𝑖) and heat capacity

(𝐶𝜌𝑉), the indoor air temperature, Tei (n), may be simulated by the following equation. 

𝑇𝑒𝑖(𝑛) =
𝐻 ∆𝑡+𝐶𝜌𝑉 𝑇

𝑒𝑖(𝑛−1)+∑ 𝐴𝑖𝑈𝑖 𝑇
𝑒𝑜(𝑛)  ∆𝑡5

𝑖=1

𝐶𝜌𝑉+∑ 𝐴𝑖
5
𝑖=1 𝑈𝑖 ∆𝑡

(5) 

    The investigated five shelters are different with respect to thermal characteristics. Using the total 

heat loss coefficient (∑ 𝐴𝑖
5
𝑖=1 𝑈𝑖), the values of specific heat capacity estimated are tabulated in the last

column of Table 2. The total heat loss coefficient per floor area of five investigated shelters were 

(2),
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found 11.2 to 15.4 W/(m
2
·K) as can be seen in Table 2. These results suggest that the shelters have 

very high heat loss coefficient. 

Table 2 Description of investigated shelters with total heat loss coefficient and the estimated heat capacity 

S.C.

Wall 

area 

[m2] 

Roof 

area 

[m2] 

Floor 

area 

[m2] 

Total 

surface area 

(wall + roof) 

[m2] 

Ui for wall 

[W/(m2·K)]  

Ui for roof 

[W/(m2·K)]  

Total heat 

loss 

coefficient 

[W/K] 

Total heat 

loss 

coefficient 

per floor area 

[W/(m2·K)] 

Total heat loss 

coefficient per 

surface area 

[W/(m2·K)] 

Specific 

heat 

capacity 

CρV 

[kJ/K] 

S1 35.7 17.5 17.5 53.2 5.6 1.2 220.9 12.6 4.2 1918 

S3 11.6 15.1 9.3 26.7 5.6 2.6 104.2 11.2 4.4 526 

S4 61.6 30.5 30.0 92.1 5.6 3.8 460.9 15.4 5.0 4166 

S5 72.8 42.2 42.0 115.0 5.6 3.8 568.0 13.5 4.9 4461 

S6 25.6 9.1 9.1 34.7 4.4 2.8 138.1 15.2 4.0 1284 

S.C.: Shelter Code.

5. Simulation results

5.1.  Comparison of measured temperature and simulated temperature

Figure 4 illustrates the comparison of measured indoor air temperature with simulated indoor air

temperature. We simulated indoor air temperature from evening 18:00 to early in the morning 5:50 (n=

1152 of each shelter) with equation (5). As a whole, the correlation coefficients are very high.

Through in However, S1, S4 and S6, there are some points.

     Thus, comparison of this result suggests that simulation can reproduce quite reasonably the indoor 

air temperature during nighttime. Thus, we confirmed the applied energy balance equation is fits for 

simulating the indoor air temperature of the shelters.  

5.2.  Reduction of heat loss coefficient for the possible improvement 

The basic phenomenon determining the heat exchange between indoors and outdoors is the conductive 

heat transfer through the walls and roof. If the walls and roof are insulated, then the heat transmission 

must become small. Based on this principle, we have tried to reduce the heat loss coefficient being for 

improving the investigated shelters. The target was assumed to make the indoor air temperature 

remain above the lowest acceptable indoor air temperature at 11°C.  

     We examined the possible replacement of the present walls with some affordable materials to have 

the nighttime hours being above the acceptable indoor air temperature at 11°C at 70, 80 or 90% of the 

whole nighttime hours. The acceptability of 80% and 90% refers in ordinary buildings [21]. Therefore, 

in this study we consider that 70% of time for the indoor air temperature being higher than 11°C 

should be fine. Previous research [22] showed that the room air temperature about 11°C would not 

have much effect on the quality of sleep.  

Fig. 4 Relationship between measured and simulated indoor air temperature 
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     Fig. 5 shows that the result of total heat loss coefficient needs to be reduced about 2~7 W/(m
2
·K) 

to have the indoor temperature being higher than at 11°C for 70% of nighttime hours. We need to 

consider how much of additional materials need to be implemented.  

Fig. 5 Relationship between total heat loss coefficient from four walls and roof by per floor area and the 

percentage of time for the indoor air temperature being higher than 11°C 

     Previous research addressed that, in each construction systems should be based on light and small 

elements, which are easy to handle, assemble and dismantle [8], and another research reported that the 

use of naturally available materials for constructing houses are well adapt in each climate, season and 

culture [23]. Therefore, concerning the people health, it is necessary to investigate whether it is possible 

to improve the indoor air temperature above the lowest limit value of acceptable temperature at 11°C. 

The latest research [24], experiments on corrugated cardboard temporary shelters or tent showed that 

temperature dropped near to the outdoor temperature during the night time, so the author suggested that 

the wintry indoor thermal environment should be kept at least 10 C or more. Thus, here in this paper we 

required some additional affordable materials which could remain the indoor air temperature above at 

11 C could be 70% of nighttime hours.   

     Fig. 6 shows two examples of affordable improvement for the wall and roof in the cases of S1 and S5. 

In S1, the heat loss coefficients of four walls and the roof at present 5.6 W/(m
2
·K) and 1.2 W/(m

2
·K),

respectively. Addition of tarpaulin (2 mm) and cellular polyethylene foam (12 mm) lets the heat loss 

coefficient of the walls be 1.4 W/(m
2
·K). The heat loss coefficient of roof 1.2 W/(m

2
·K) is small enough

so that no improvement is needed.     

In S5, the heat loss coefficient of the walls and roof are 5.6 W/(m
2
·K) and 3.8 W/(m

2
·K),

respectively. The same addition as for S5 lets the heat loss coefficient of the walls be 1.4 W/(m
2
·K). The

heat loss coefficient of roof is 3.8 W/(m
2
·K) is quite high so that addition of cellular polyethylene foam

(12 mm) and clothes (5 mm) makes the heat loss coefficient be 1.2 W/(m
2
·K).

     In a summary, we can improve the walls and roof rather easily by adding locally available materials 

as thermal insulation i.e., cellular polyethylene foam and clothes to make the indoor air temperature 

become higher than 11 C for 70% of the wintry nighttime. This type of research on the affordable 

improvement is also considered to be necessary for finding effective solutions for the preparation to be 

made before a disaster to occur in the future. Thus, it hopefully helps to make policies for the 

government. 
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Fig. 6 Improvement the shelters (a) S1 and (b) S5 

6. Conclusions

In this study, five makeshift shelters’ indoor thermal environment was investigated and has found

following results:

1. The indoor air temperatures for all investigated shelters are highly dependent on outdoor

air temperature. The mean indoor and mean outdoor air temperatures during the night-time

were found to be from 10.3°C and 7.6°C; which are found to be lowest than lower case of

acceptable indoor temperature at 11°C, which was found during daytime according to the

our previous research.
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2. The nighttime indoor air temperature tends to decrease as the heat loss coefficient increase.

The people were sleeping such a low temperature which may effects on their health.

3. About 50% of time remains below the lowest acceptable temperature at 11°C in five

investigated shelters.

4. The simple energy balance equation made for simulation to reproduce the indoor air

temperature. The results were quite consistent with the measured indoor air temperature.

Thus, we confirmed the applied energy balance equation fit.

5. The total heat loss coefficient per floor area needs to be reduced down to 2~7 W/(m
2
·K) to

reach the indoor air temperature being higher than at 11°C for 70% of nocturnal hours.

6. The reduction of heat loss coefficient could be achieved by adding cellular polyethylene

foam of 6 to 12 mm and clothes of 5 to 10 mm for the walls and roof of temporary shelters

in order to keep the indoor air temperature be acceptable for 70% of the whole nocturnal

hours.
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