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ABSTRACT 

India is home to a wide variety of climatic regions and different types of materials, 

techniques, strategies for the architectural design are needed in each different climatic region. 

The industrializations and mass production has paved the way to a wide variety of materials 

and construction techniques which surpassed the traditional ones. These factory made 

materials started gaining popularity soon since they were cheaper and techniques were faster. 

These newly formed materials and techniques has significant impact on the thermal 

performance of the buildings. In this study, The thermal performance of these materials in 

context of cold climate are analysed. Residential buildings of Himachal Pradesh are chosen 

for the study. Thermal performance of AAC blocks, Solid brick masonry and brick cavity 

walls were evaluated and compared with that of Kathkhuni construction, Rubble stone 

masonry and Adobe walls. It is found that AAC blocks, Kathkhuni construction and Adobe 

wall construction were performing better than Solid brick masonry, Brick cavity wall and 

Rubble stone masonry. But Solid brick masonry and Brick cavity walls performed quite 

stable in both the seasons. A lower WWR ratio, compactness of the spatial design improved 

the thermal performance of residential buildings too. 

 

Keywords: Thermal performance, Cold climate, Traditional building materials  
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1. INTRODUCTION 

India is home to an uncommon variety of climatic regions, ranging from tropical in south to 

temperate alpine in north, where the elevated regions receive sustained winter snowfall. The 

nation’s climate is strongly influenced by Himalayas and Thar Desert. And to build in every 

different type of climate we need different types of materials, techniques, strategies for the 

architectural design to provide the comfortable indoor environment to the respective human 

activity. But when India started to experience the evolution in industries and mass 

production, when India started to see dams, railways, and canals, it had started influencing 

the smaller sectors of society too. In addition to that, India has faced population explosions 

more than three times till 2011, which has increased the demands in various sectors of society 

and added into mass production. 

Today, India is a developing country. And in developing country like India, economics is the 

game changer for any decision making in any sector of development. In this rat race, a lot 

many factors just as important as health, environment, etc. have been and are being ignored 

intentionally or unintentionally. 

If we say only about health, the most important aspect of the indoor climate to consider are 

these thermal conditions in which the resultant physiological stresses cannot be relieved by 

reasonable action on the part of occupants, but only means of design. There is a lot to be said 

for specifying a lower thermal limit for housing, if only purely from the comfort point of 

view. It is well recognized that the lower income groups suffer considerable amount of 

discomfort in the cold winter areas through their inability to afford adequate clothing, extra 

blankets, good food or adequate heating. Somewhere between certain lowest comfortable 

temperature value and upper comfortable temperature value, body has to take no appreciable 

physiological action to maintain its heat balance. This point or range may be considered as 

the point of optimum thermal comfort for any given set of conditions. 

It should also be taken into account how different degrees of heat affect the comfort of the 

individuals. It has been studied that ability of the body to lose heat to its surroundings 

depends upon air temperature, humidity of air, rate of air movement, mean radiant 

temperature (MRT) of the surrounding surfaces of the environment. An increase or decline in 

the temperature of at least one of the surrounding surfaces above or below air temperature 
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will have a tendency to achieve a sense of increased or decreased warmth respectively. 

Threshold does limit for absolute discomfort beyond which unforeseen effects on health like 

fatigues, diminished work productivity, reduced mental efficiency, increased possibilities of 

accidents, and so forth. Extreme limits can be decided upon health or thermal stability of the 

body. 

When it comes to a ‘house’, the primary object of it is to provide protection from severe 

weather conditions. And across the decades, the industrial revolution, population explosion, 

increased demands, haphazard and unplanned development has affected the choices of basic 

materials, and environment due to easiness of availability. In lower income groups it has even 

been worse. With thin walled or light structures like tents, or galvanized steel huts there is 

little difference between indoor and outdoor temperature at night in winter. With the low 

insulation that these structures provide, adequate heating becomes a major and costly matter. 

It is generally agreed that, greater protection against severe cold weather than is offered by 

any permanent housing. 
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BACKGROUND 

The whole world has being seeing and facing the effect of climate change. One of the studies 

conducted in this dissertation compares the historic weather data (1960-1990) with the 

current weather data. And the data also shows the warming up of the regions. With the 

changing weather conditions, we have to change the architectural practices and so the 

building materials and construction techniques to provide a better shelter against this change. 

To study about the emerging materials and techniques and how the thermal performance is 

effected this dissertation is conducted.  

 

Figure 1 Historic and Current Average Temperatures for locations in Himachal Pradesh 

The urban development that India has been seeing after the Independence have been very 

haphazard and rapid due to which the naturally resourceful areas lie Himachal Pradesh have 

been seeing the serious urban environmental problems. This development is contributing to 

economic development of the region but on the other hand it is causing deprivation of basic 

natural resources also. 

Everyone is familiar environmental effect of this haphazard urban development. But there are 

some effects which are completely unknown or neglected by the society. Primary education 

covers makes the current generation sensitive about outdoor environment, but the biggest 
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disadvantage is the indoor environment is not given that much weightage in it. Just like that, 

this problem grows to the next generations too. This has been happening from the 

independence. And the other (inner) side of the built environment is being neglected 

unintentionally. 

The design procedure does play a significant role in creating built environment respecting all 

principles of sustainable development. It  has to consider various climatic zones (hot-dry, 

warm-humid, composite, temperate and cold climates), sun path movements, location (prone 

to tsunami, hurricane, etc.), wind directions and geological conditions in the design of 

building, its orientations, wall and roof materials combinations, space layout, fenestrations 

and landscape. A solar passive architecture that places minimum energy demand in 

maintaining thermal comfort should be explored foremost. This dissertation puts an effort to 

contribute in that little sensitive but most important area of the developments happening in 

the country i. e. Thermal Performance of the Building. Now, why it is one of the most 

important parts of the development considerations is explained further in subsection of 

Chapter Literature study. The change in temperature of surroundings of human’s body affects 

the health and mind. The positive and negative effects can be both temporary and permanent 

depending on the duration of exposure to the change and its frequency. Some of the effects 

found are fatigues, frostbite, heat strokes, trench foot, cardio vascular and respiratory 

diseases, hypothermia, hyperthermia, drying of mouth, impaired endurance, sleep 

disturbances, headache, impaired concentration, dizziness, impaired muscular strength, 

nausea, vomiting, influence on emotional stimuli, etc. 

NEED FOR THE STUDY 

The transitions in spatial design, material use and construction techniques, resource 

constraints, lifestyles, costs have has transformed the thermal performance of modern day 

residential building. Though replicating the traditional building styles in today’s context is 

challenging, there is a strong need to incorporate the wisdom in today’s buildings. 
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2. LITERATURE STUDY 

The literature study is conducted into following parts: 

- Understanding thermal performance of building 

- Understanding the cold climate of India 

- Learning about the evaluation of thermal performance of the building 

- Learning traditional and modern construction materials and techniques used in the 

selected site, (i.e. Dharamshala, Himachal Pradesh.) 

 

THERMAL PERFORMANCE 

Function of any building is to provide a desired spatial environment (maybe controlled or 

uncontrolled) within if continuously, for a given human activity. Building must provide for 

safe and comfortable indoor environment against existing external and unwanted/obstructing 

conditions for the given human activity. Safe here means it should provide shelter against the 

forces of nature, rainfall, snowfall, earthquake, human actions, etc. And the external factors 

which affect the comfort inside the building are the humidity, air motion, noise, lightning, 

pollution, noise, solar radiation, air temperature, etc. Some of these factors are desirable and a 

building must act like a filter. Building should allow some of these allowable aspects of the 

environment to come in and some of them to cut off. For example, It is said, where the 

sunlight comes, doctors don’t. Sunlight becomes the important aspect to be allowed in the 

building as well as the ventilation. Whereas the aspect like excess temperature in tropics will 

make the building uncomfortable. This discomfort can be caused by the excess values of 

temperature, humidity, relative humidity, solar radiation, air movement, lux levels on the 

both negative and positive sides of the scale, depending upon the location and human activity 

for that building. 

It is important to evaluate the thermal performance to ensure the quality and overall 

performance of the building. 

The thermal performance of a building refers to the process of modelling the energy transfer 

between a building and its surroundings. For a conditioned building, it estimates the heating 

and cooling load and hence, the sizing and selection of HVAC equipment can be correctly 
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made. For a non-conditioned building, it calculates temperature variation inside the building 

over a specified time and helps one to estimate the duration of uncomfortable periods. These 

quantifications enable one to determine the effectiveness of the design of a building and help 

in evolving improved designs for realising energy efficient buildings with comfortable indoor 

conditions. The lack of proper quantification is one of the reasons why passive solar 

architecture is not popular among architects. Clients would like to know how much energy 

might be saved, or the temperature reduced to justify any additional expense or design 

change. Architects too need to know the relative performance of buildings to choose a 

suitable alternative. Thus, knowledge of the methods of estimating the performance of 

buildings is essential to the design of passive solar buildings. 

The thermal performance of a building depends on a large number of factors. They can be 

summarised as (i) design variables (geometrical dimensions of building elements such as 

walls, roof and windows, orientation, shading devices, etc.); (ii) material properties (density, 

specific heat, thermal conductivity, transmissivity, etc.); (iii) weather data (solar radiation, 

ambient temperature, wind speed, humidity, etc.); and (iv) a building’s usage data (internal 

gains due to occupants, lighting and equipment, air exchanges, etc.). A block diagram 

showing various factors affecting the heat balance of a building is presented in Fig. 4.3. The 

influence of these factors on the performance of a building can be studied using appropriate 

analytical tools. Several techniques are available for estimating the performance of buildings. 

They can be classified under Steady State methods, Dynamic methods and Correlation 

methods. Some of the techniques are simple and provide information on the average load or 

temperature, on a monthly or annual basis. Others are complex and require more detailed 

input information. However, the latter perform a more accurate analysis and provide results 

on an hourly or daily basis. In this chapter, we discuss a simple method that is easy to 

understand and amenable to hand calculations. 
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Figure 2 Heat exchange processes between a building and external environment 

 

 

Figure 3 Heat exchange processes between a human body and indoor environment 

A chapter published by CBRI talks about Thermal performance of building envelop 

considering Building envelops and spatial planning. It also discusses about the regional 

geographic and building level considerations like material choices, surface treatment, passive 

design strategies, and overall spatial layout. Emergence of new building materials, 

construction techniques, cost, resource constraints have resulted transformation in the 

buildings, which has caused modularity and standardization in design solutions and 

consequently the shift from responsive design to compliant design. 
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The document talks about the thermal performance indicators. The Statistical Cluster 

Analysis carried out in order to classify the annual climate data results in 5 distinct seasonal 

clusters. Thermal response of building envelop depends on two aspects – thermo-physical 

properties of opaque assembly and thermo-physical property of fenestration assembly. 

It discusses about three ways in which heat is transferred to the building 

-Conduction 

-Convection 

-Radiation 

It also talks about how indoor thermal environment can be improved by judicious selection of 

-Building components 

-insulating materials 

-fenestration components 

-shading systems 

-minimizing the flow of heat gains in summer and heat loss during winter. It discusses about 

the mediums/ways of heat transfer which are 

CONDUCTIVE:  

1. Exterior wall conduction: transient heat transfer responding to climatic effects such as 

temperature fluctuation solar radiation, etc. 

2. Interior wall conduction: heat storage in partition walls, floor/ceiling 

It tells about the principle factors affecting conductive heat transfer through building 

fabric are Density, Porosity, Moisture content on the fabric 

CONVECTIVE: 

1. Heat transfer at external surface considering both wind and surface roughness 

characteristics 

2. Heat transfer through leakage from exterior walls 

3. Heat transfer from different enclosing surfaces to indoor air. 
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RADIATIVE:  

1. Short-wave radiation which includes solar heat absorption on opaque exterior surfaces 

solar heat transmission through transparent surfaces, absorption and reflection of solar 

heat by window glass 

2. Long wave radiation which includes the heat exchange between external surfaces and 

sky, surrounding buildings, ground and heat exchange among interior surfaces 

To carry out Real Time Assessment of Envelop Thermal Performance following 

parameters were considered, 

- Heat flux (W/m2) through building envelop 

- Inside/outside surface temperature 

- Indoor radiant temperature asymmetry between two planes 

- Indoor dry bulb temperature, 

- Indoor Globe temperature 

- Indoor thermal comfort in terms of indices such as Fanger's PMV (Fanger, 1970) 

- Tropical Summer Index (TSI) 

 

Also it says thermal performance of building envelop can be described in terms of its-  

- Thermal resistance 

- Reflectance 

- Capacitance 

- Air to air thermal transmittance = U-value 

- Reciprocal of U value = R-value 

 

It is factor of material layers, thickness and the external and internal heat transfer coefficients 

It is said that Thermal conductivity of a material is directly proportional to its density. U 

value only represents the conductive mode of heat transfer through envelop assembly. The 

important values which are to be considered are Thermal time constant (TTC), Diurnal heat 

capacity (DHC), Thermal mass/Kappa value (k). 

Transient heat transfer phenomenon of a building envelop assembly can be represented in 

terms of time lag and decrement factor. Time lag describes the temporal delay in peak 

external and internal surface temperature of building envelop. Decrement factor is the ratio 

which describes the ability of envelop in reducing its peak inside surface temperatures. 
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Reflective properties of building envelop are represented in terms of solar absorptivity, 

emissivity. 

Then the document discussed about the critical properties of glass assembly i.e. U value - 

Thermal transmittance, SHGC -Solar heat gain coefficient, VLT -Visible light transmittance. 

To improve U-value, we can increase number of glass layers, increase spacing width of glass 

layers, replace the air cavity with vacuum or inert glass. And to improve SHGC, fraction of 

solar radiation admitted through a glass through direct transmission as well as reradiated after 

absorption; darker tints can be used. But it has negative impact on daylight availability and 

reduced VLT. 

 

The document talks about Parametric assessment of Envelop Thermal Performance as 

follows - 

Influence of orientation (orientation of exposed wall has a significant impact on its thermal 

performance and the resultant indoor thermal conditions as represented by TPI), Influence of 

wall thickness, Influence of Density, Influence of surface characteristics, Multicriteria 

assessment of Thermo-physical variables. 
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Heat Transfer 

 

Figure 4 Heat transfer through wall 

Conduction 

Thermal conduction is the procedure of warmth exchange from one a player in a body at a 

higher temperature to another (or between bodies in coordinate contact) at a lower 

temperature. This occurs with unimportant development of the particles in the body, in light 

of the fact that the heat is exchanged starting with one atom then onto the next in contact with 

it. Heat can be exchanged through solids, fluids and gases. A few materials direct more 

quickly than others. The essential condition of heat transfer is or a given temperature 

difference, the higher the thermal conductivity of a material of fixed thickness and cross-

sectional area, the greater is the quantity of heat transferred.  

Factors affecting thermal conductivity: 

a. Moisture content 

b. Temperature 

c. Density and Porosity 
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Convection 

The convection is the transfer of heat from one a player in a liquid (gas or fluid) to another 

part at a lower temperature by blending of liquid particles. Heat transfer by convection 

happens at the surfaces of walls, floors and roofs. Because of the temperature difference between 

the fluid and the contact surface, there is a density variation in the fluid, resulting in buoyancy. This 

result in heat exchange between the fluid and the surface and is known as free convection. However, 

if the motion of the fluid is due to external forces (such as wind), it is known as forced convection. 

These two processes could occur simultaneously. The rate of heat transfer (Qconvection) by convection 

from a surface of area A, can be written as – 

The numerical value of the heat transfer coefficient depends on the nature of heat flow, velocity of the 

fluid, physical properties of the fluid, and the surface orientation. 

Radiation 

Radiation is the heat transfer from a body by virtue of its temperature; it increases as temperature of 

the body increases. It does not require any material medium for propagation. When two or more 

bodies at different temperatures exchange heat by radiation, heat will be emitted, absorbed and 

reflected by each body. The radiation exchange between two large parallel plane surfaces (of equal 

area A) at uniform temperatures T1 and T2 respectively, can be written as 
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In case of buildings, external surfaces such as walls and roofs are always exposed to the atmosphere. 

So the radiation exchange (Qradiation) between the exposed parts of the building and the atmosphere is 

an important factor and is given by 

 

Equation can be written as: 

 

hr is the radiative heat transfer coefficient, and ∆R is the difference between the long 

wavelength radiation incident on the surface from the sky and the surroundings, and the 

radiation emitted by a black body at ambient temperature. For horizontal surface, ∆R can be 

taken as 63 W/m2 and for a vertical surface, it is zero. For building applications, usually 

convective and radiative heat transfer coefficients are combined to define surface heat 

transfer coefficient. Table 4.1 presents values of the surface heat transfer coefficient for a few 

cases. 
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Some of the following researches were studied in detail which helped more in forming the 

methodology and deciding parameters: 

Table 1 Literature study 

Sr.no Author Year Title Research 
Studied 

Parameters 

1   

  

S. S. Chandel 

& R. K. 

Aggarwal 

2012 Thermal Comfort 

Temperature 

Standards for Cold 

Regions & to 

reduces the base 

temperature  

The new base temperature of 13.5 

°C results in reducing the heating 

degree-days by 58% in comparison 

to the heating degree-days obtained 

using 18.3 °C as base temperature. 

The lower base temperature has 

also reduced the heating Innovative 

Energy Policies 5 requirements of 

solar passive building by 44%, thus 

resultant to lower cost reduction on 

building with the help OF 

ISHARE55 STANDARD. 

Heating 

degree days 

2   

Liu, K. 

Baskaran, B. 

2003 Thermal 

performance of 

green roofs 

through field 

evaluation 

Observation from the Field 

Roofing Facility showed that a 

generic extensive green roof with 

150 mm (6 in.) of growing medium 

could reduce the temperature of the 

roof membrane significantly in the 

summer.. 

U value, R-

value and 

k-value 

3 Kamel H. 

Haddad, 

Ph.D. 

1998 Comparison of the 

monthly thermal 

performance of a 

conventional 

window and a 

supply-air window. 

The supply-air window has a lower 

conductive loss than the 

conventional triple-glazed window. 

This difference is the largest during 

the coldest months of the year 

when the conductive losses are the 

highest. 

Solar heat 

gain 
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4 Sami A.Al-

Sanea 

2002 Thermal 

performance of 

building roof 

elements 

The study focusses on the 

comparison of six variants of 

typical roof structure. The study 

shows the details of the 

temperature and heat flux 

variations with time.  

 R value 

5 A. Gagliano 

∗,F. Patania, 

F. Nocera, C. 

Signorello 

2013 Assessment of the 

dynamic thermal 

performance of 

massive buildings 

The paper shows the thermal 

behavior of the massive building. 

The paper characterizes the thermal 

performance of the walls in 

dynamic condition. 

Time lag 

(ϕ) and  

decrement 

factor (f) 

6 H. Asan 1998 Effects of Wall' s 

insulation 

thickness and 

position on time 

lag and decrement 

factor 

The study investigates the effect of 

wall insulation and position on 

time lag and decrement factor 

numerically. Different 

configuration of insulation in the 

wall is studied. 

Time lag 

(ϕ) and  

decrement 

factor (f) 

7 Xing Jin ∗, 

Xiaosong 

Zhang, Yiran 

Cao, Geng 

Wang 

2011 Thermal 

performance 

evaluation of the 

wall using heat 

flux time lag and 

decrement factor 

The paper discusses about the two 

parameters heat flux time lag and 

the heat flux decrement factor to 

evaluate performance of wall. 

Time lag 

(ϕ) and  

decrement 

factor (f) 

8 RongDan 

Diao, Linzhu 

Sun, Fang 

Yang 

2018 Thermal 

performance of 

building wall 

materials in 

villages and towns 

in hot summer and 

cold winter zone in 

China 

This paper investigates the wall 

material of rural buildings in 

China. The methodology used was 

theoretical calculation test 

detection of thermal performance 

of seven different materials. 

heat 

transfer 

coefficient 
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There is a study conducted to evaluate and compare thermal performance of roof elements. It 

was carried out by observing the periodic changes in ambient temperature, solar radiation and 

non-linear radiation exchange. A numerical model based on finite volume method and using 

implied formulation was developed and it was applied to 6 different roof structures .The 

study gives detail temperature and heat flux variation with time and relative importance of 

heat transfer components and daily averaged roof head-load transfer, dynamic-values and 

radiative heat transfer dynamic R-values and radiative heat transfer coefficient .In result, 5cm 

of modelled polyesterene layer helped in reducing roof heat transfer to 1/3rd of its value in an 

identical roof section without insulation. Another study conducted for new thermal 

performance index for dwelling roofs in warm and humid tropics worked with the U-values 

and R-values. TPI is studied base on thermal comfort and actual thermal performance of roof 

design options. The Handbook of Functional Requirements of Buildings suggests the use of 

parameters like U-value, and Damping for assessment of thermal performance. And these 

parameters are only applicable under steady state method since it helps in realistic 

comparisons between different types of building elements. It suggests considering peak 

degree hours above 30°C and peak heat gain factor to justify thermal rating of the building 

sections. 

 

Parameters/Indicators 

ECBC has recommended values (code 2009) For WWR, SHGC, U values; For roof, wall and 

fenestrations. Whereas NBC recommended values – U-factor. Some other parameters are 

discussed further 

TPI 

Thermal performance index of a non-air- conditioned building element is given by: 

𝑇𝑃𝐼 =  [(𝑇𝑖𝑛 − 30) 𝑋 100]/8 

Thermal Resistance - 

It is reciprocal of thermal conductance. For a structure having plane parallel faces, thermal 

resistance is equal to thickness (L) divided by thermal conductivity (K) as given below: 

𝑅 = 𝐿/𝐾 
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The unit of thermal resistance is (m2K)/W 

The usefulness of this quantity is that when heat passes in succession through two or more 

components of the building unit, the resistance may be added together to get the total 

resistance of the structure.  

Thermal Resistivity - 

It is the reciprocal of thermal conductivity. It is expresses in (mK)/W 

Thermal Time Constant - 

It is the ratio of heat stored (Q) to thermal transmittance (v) of the structure. It is expressed in 

hour (h). 

a) For homogeneous wall of roof, thermal time constant may ,e calculated from the following 

formula : 

𝑇 =  𝑄/𝑉 =  [(1/𝑓𝑜) + (1/2𝐾)] 𝐿𝑝𝑐 

Where,  

Q = quantity of heat stored,  

U= thermal transmittance,  

f0 = surface coefficient of the outside surface, 

K= thermal conductivity of the material, 

L= thickness of the component, 

p = density of the material, 

c = specific heat of the material. 

Thermal Transmission or Rate of Heat Flow (q) - 

It is the quantity of heat flowing in unit time under the conditions prevailing at that time. The 

unit of q is taken as W. 

Thermal Transmittance (U) - 
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It is the thermal transmission through unit area of the given building unit divided by the 

temperature difference between the air or other fluid on either side of the building unit in 

‘steady state’ conditions. It is reciprocal of total thermal resistance. Its unit is W/(m2K). 

Thermal transmittance differs from ‘Thermal conductance’ in so far as temperatures are 

measured on the two surfaces of material or structure in the latter case and in the surrounding 

air or other fluid in the former. The conductance is a characteristic of the structure whereas 

the transmittance depends on conductance and surface coefficients of the structure under the 

conditions of use. 

Thermal mass is particularly effective in hot dry climate with larger diurnal range. The 

building mass stores heat during daytime when outside temperature is high, and releases it to 

the inside space during night when outdoor temperature is cooler. Thermal mass is also used 

in storing heat during daytime in cold climates, to release it into the space during night, to 

warm it up when outdoor conditions are colder. Materials such as concrete, brick and water 

have high thermal storage capacity and can be used for such application. Storage mass 

exposed to direct sunlight should be dark in colour to allow larger absorption. It is generally 

more efficient to have thicker rather than thinner storage mass. The optimum thickness varies 

between 100 mm and 200mm.  

Climate Severity Index for Cold Climates 

Q=aT-bR +cW where Q is the annual heat loss (kW h/m3), T a selected value of outdoor air 

temperature (°C), R a selected value of total radiation (W/m2), W a selected value of wind 

velocity (m/s), and a, b and c are appropriate coefficients for specific types of construction. 

CSI =KX Q, where K = a constant. If the three individual relationships are non-linear, then a 

non-linear multiple relationships will apply.  
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Time Lag - 

 

Figure 5 Time Lag 

It is the time difference between the occurrences of the temperature maximum at the outside 

and inside when subjected to periodic conditions of heat flow. It is expressed in hour (h). 

 

Thermal Damping - 

The mechanism responsible for thermo-elastic damping is the resulting lack of 

thermal equilibrium between various parts of the vibrating structure. Energy is dissipated 

when irreversible heat flow driven by the temperature gradient occurs. 

Thermal Damping = [(Tout-Tin)/Tout] X 100 

Heating degree days – 

It is the number of how many hours in that particular season/year requires heating. And 

Degree hours is a cumulative value of how many degrees and hours are exceeding the 

comfort temperatures calculated according to Adaptive thermal comfort formula for that 

regions. 
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Regional Practices – Building materials and Construction techniques 

 

Before delving into existing regional practices in Himachal Pradesh, it is imperative to 

understand the natural occurrence of materials in the area. One of the most robust conifers, 

Deodar wood is abundantly found here. The material imparts stability to tall structures and is 

hence used in making posts, beams, windows, doorframes, shutters, roofs etc. The soft wood 

is easy to work with in absence of high tech tools and is resistant to insects and termites even 

when untreated. Mud and stone, one of the most easily available construction materials is not 

only a good insulator but also a good binder. Its usage, however, is intricate. Either mud is 

filled into the wooden frames and rammed into the place slowly building up the wall or 

sundried mud-blocks are used in the wall construction. Foundations and walls are often 

constructed with locally found quarries of hard stone, while roofs of building are made of 

slate tiles – a metamorphic rock with high quartz content, frost resistance, heat and moisture 

barrier. Often traditional artisans are employed in the process. Oral transfer of knowledge 

Kath Khuni Technique 

Dhajji Dewari Technique Dry Stone Construction 

Mud Construction 

Figure 6 Regional Practices 
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from master artisan to apprentice reflects in traditional building techniques. (Adaptive 

Climate responsive Vernacular Construction in High Altitude – Amitava Sarkar) 

There is a variation in the architecture of different components of the state. Even so, in a 

relatively minute area several types of house are found which have different betokens of 

construction. The houses are orchestrated in a compact manner on a square ground facing the 

south sun to sanction the maximum sun perforation. Traditional houses are laid along the 

contours to evade much perturbance to the topography. Stepped/ terraced orchestrating is 

prevalent in the areas if steep slope or very hard rock strata. The substratum is of several feet 

and is generally of stone. The stones are symmetrically arranged and are filled with a little the 

roofs are flat as well as sloping depending upon the precipitation in the region. Roofs are tiled 

with deep grey slates which are additionally native to the region. 

The superstructure is withal built with locally available materials, generally stone and wood 

or mud, with the sagacity of the local workmanship. The walls are generally left unplastered 

but at times surkhi (cumulation of lime, brick powder, sand and jaggery, etc.) is utilized to 

plaster the outer walls. The climatic conditions of the region determine the type of 

construction which may use one of these materials or at times an amalgamation of two or 

more. Depending on the materials used and the type of construction, traditional techniques 

are categorised into five categories Kath-kunni, Dhajji construction, wooden construction, 

Stone construction and Mud construction. 

Kath Khuni Technique: 

This type of construction is mainly found in the higher ranges of Kinnaur and Kullu districts 

of Himachal. The walls are constructed of alternate layers of wood and stone. The wood 

battens 4"-6" thick elongate beyond the wall length and interlock with the wood on 

perpendicular wall. The wooden planks are interlocked by lap joint. Floors are composed of 

wood not more than 7-8 ft high for better insulation. The upper floors project out of the stone 

wall with wooden balconies engendering a sun space for sitting. Thus maximizes the heat 

gain. This type of construction is earthquake resistant as the wooden battens form a 

framework which is well bonded and gives ductility to the otherwise rigid stone wall. 

Dhajji Dewari Technique: 

Dhajji-Dewari is derived from Persian meaning "patch quilt wall." Such construction is 

prevalent in the Kaihmir valley and the hills of Shimla. It is characterised by walls of wooden 
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bracing with in-fills of immensely colossal mud bricks or stone proximately packaged. The 

astronomically immense timber members rest along the load bearing masonry walls with the 

floor beams and the runners for the cross walls lapping over them. The wood accommodates 

to tie the walls of the structure together with the floors. It is lighter in weight, sanctioning for 

its use on walls that are cantilevered over the street. The surface is plastered with a coat of 

mud and lime at some places. This type of construction is economical and structurally stable. 

The fame of wood distributes the lateral loads in case of an earthquake.  

Wood Construction: 

Wooden construction is very prevalent in hilly areas for facile availability of construction 

wood and its thermal properties provide mitigation from the cool winters. In Himachal this 

construction is mundane in most of the areas except cold and dry Lahaul-Spiti, in cumulation 

with other techniques at times. Houses are built 2-3 storeys high where the vertical wooden 

posts are denoted to carry the load. Horizontal members are placed at different calibers with 

an in-fill of wooden battens. The upper flowers are cantilevered thus providing living space 

all around. In some cases, the ground floor is built in stone masonry with the upper floor of 

wood. 

Dry Stone Construction: 

Dry stone construction is prevalent in Kangra region where slate is in abundance. However, 

this type of construction is additionally prevalent in Kinnaur district where good quality stone 

can be quarried. Different sized stones are placed over each other and compacted without the 

mortar. Through stones are utilized at conventional intervals. A more vigorous bond is 

achieved by interlocking the stone rather than integrating more minuscule stones in gaps. 

!interior surface may be mud plastered. The stone masonry structural walls take main lateral 

and gravity load. The walls uniformly distribute the load in both orthogonal directions. 

Mud Construction: 

Mud construction is prevalent in Himachal in two types, rammed earth conduction and sun 

dried mud construction. Rammed earth construction is prevalent in the areas where 

construction materials like stone and wood like the cold desert of Lahaul-Spiti. Thick walls 

upto 2 feet wide are built with by pouring wet mud mortar and ramming it to make it compact 

afore pouring another layer. Monolithic walls thus constructed keep the interiors cold in the 

chilling winters but earthquake resistance of this construction sundry with the form of and the 

building the type of loading on the walls. Sun dried mud bricks are utilized in the Kangra 
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region where good quality of mud is available from the river beds. The walls are composed of 

sun dried bricks about 2-3 ft. thick plastered with mud phuska. These walls are susceptible to 

erosion due to rain thus the buildings are raised over stone or plastered to evade it. The floors 

are composed of wood plastered with mud enabling insulation. Thick flat mud roofs are 

utilized for insulation in Lahaul while in places with rainfall slate roofs are adopted. The roof 

is built over wooden frame reposing on the mud walls. 

We can have a look at an example of ongoing regional practice in Himachal Pradesh. 

 

Figure 7 MLA Hostel, Shimla 

 

It is a MLA Hostel constructed in Shimla. It has used techniques like Retrofitting (e.g. Using 

9” thick external wall instead of 4.5” thick wall), Passive Solar Design Considerations with 

cost benefit analysis, Energy Efficient Appliances with cost-benefit ratio. One of the main 

objectives while designing this building was to ensure the minimum use of conventional 

energy being used in the building. The hostel buildings have been designed to make full 

utilization of the heat from the sun. Building integrated south facing food warmers. 

Another example can be Himurja Office Building from Shimla which has used insulation 

maintained throughout (5cm thick glass wool), South orientation, Solar Water heater radiates 

the heat to north facing room, Double glazed windows, RCC diaphragm walls on north, Solar 

Chimney, Solarium on South side, Light shelves. 
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According to Housing Encyclopaedia, the most used traditional material and construction 

practices in Dharamshala were found are given. 

Stone Masonry Rubble Stone in mud/lime mortar or without mortar (usually with timber roof) 

Dressed Stone Masonry 

Adobe/Earthen 

Walls 

Mud Walls 

Mud walls with horizontal wood elements 

Adobe block walls 

Rammed earth/ Pile construction 

Unreinforced 

masonry walls 

Brick Masonry in mud or lime mortar 

Brick Masonry in mud or lime mortar with post 

Concrete block masonry in cement mortar 

Confined 

masonry 

Clay brick/tile masonry, with wooden posts/ tie columns and beams 

Clay brick/tile masonry, with concrete posts/ tie columns and beams 

Concrete blocks tie columns and beams 

Reinforced 

masonry 

Stone masonry with cement mortar 

Clay brick masonry with cement mortar 

Concrete block masonry with cement mortar 

Moment 

resisting frame 

Flat slab structure 

Designed for gravity loads only 

Designed for seismic effects 

Designed for seismic effects with structural infill 

Dual system – Frame with shear wall 

Structural wall Moment frame with shear in situ walls 

Moment frame with shear precast walls 
 

Precast Moment frame 
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concrete Pre-stressed moment frame with shear walls 

Large panel precast walls 

Shear wall structure with walls cast in situ 

Shear wall structure with precast wall panel structure 

Moment 

resisting frame 

With block masonry partitions 

With cast in situ concrete walls 

With lightweight partitions 

Braced frame Concentric connections in all panels 

Eccentric connections in few panels 

Structural wall Bolted plate 

Welded plate 

Load bearing 

timber frame 

Thatch 

Walls with Bamboo/reed mesh and post 

Masonry with horizontal beams/planks at intermediate levels 

Post and beam frame (without any special connections) 

Wood frame (with special connections) 

Stud wall frame with plywood/gypsum board sheathing 

Wooden panel walls 

Seismic 

Protections 

systems 

Building protected with base isolation system 

Building protected with seismic dampers 
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There are traditional materials used according to the purpose in building. Which are - 

 

The materials and construction techniques selected for the study are - 

1. Autoclaved aerated concrete 

2. Adobe wall 

3. Solid brick wall 

4. Brick cavity wall 

5. Kath khuni Construction 

6. Rubble stone masonry 
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The framework for this dissertation was formed with the help of the literature study as 

follows: 

Aim 

Identify means of improving thermal performance of new residential buildings by comparing 

them with thermal performance of traditional buildings. 

Objectives 

1. Evaluate the thermal performance of residential buildings in cold climate 

2. Compare the thermal performance with, that of regional practices adapted in such 

buildings 

3. Identify means and materials for improving thermal performance of residential 

buildings considering current day building practices 

Scope and Limitations 

- The study will limit to the 

low and mid income multi 

storied residential building. 

- The study does not cover 

extreme cold locations 

  

Figure 8 Scope and Limitations 
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RESEARCH METHODOLOGY AND ANALYTICAL FRAMEWORK 

The research problem is born through thought process described in the background of the 

study. It is strongly supported and directed by the Literature study done in the dissertation.  

 

 

 

Initially, Literature study has 3 independent parts covering regional practices, construction, 

location of the study. And representative traditional building and a modern day building from 

the location s selected are processed through the analytical assessment. This comparative 

study has developed the final output of the dissertation in the form of recommendations.  

LITERATURE 

REVIEW 

CLIMATE 

ASSESSMENT 

IDENTIFYING STUDY 

AREA 
IDENTIGYING 

SUBJECT BUILDINGS 

COMPARATIVE 

STUDY 
ANALYTICAL 

ASSESSMENT 

REVIEW OF 

BEST 

REGIONAL 

PRACTICES 

REVIEW OF 

EMERGING 

CONSTRUCTION 

SYSTEMS 

RECOMENDATIONS 

RESEARCH 

PROBLEM 

Figure 9 Research Methodology 
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ANALYTICAL FRAMEWORK 

The analysis is carried out in the particular hierarchies and sequence. The initial part of 

analysis is carried out to finalize the representative location for the study. The next part for 

analysis is focusing on building level which also includes material and construction 

techniques. The values of temperatures in representative summer and winter week are for 

carrying out the analyses and evaluation of thermal performance. 

This analytical framework moves along with the objectives of the dissertation. The 

framework is based upon objective, tasks under that respective objective, the expected out 

come and the tool to carry it out. 

Table 2 Tasks for the study & their output 

 

  

Tasks Output 

Climate Analysis Thermal Performance Assessment & 

Identification of Study Area 

Analytical Assessment (Modern) 

Review of regional best practices Identification of Practices for further 

study 

Analytical Assessment (Traditional) 

Comparative Study (Traditional Vs. Modern) 

Review of emerging construction systems Recommendations to improve 

thermal performance 

Thermal performance analysis 

Comparative analysis of emerging technologies 
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If we look at first objective i.e. to evaluate the thermal performance of residential buildings in 

cold climate has the following tasks under it. Climate analysis was conducted to finalizing the 

representative location of cold climate for the study. A representative modern apartment 

building was chosen and the assessment was carried out to evaluate the thermal performance 

of that particular building. A base case for prepared for the same. The expected outcome of 

this objective is supposed to be the Thermal performance assessment and the identification of 

the study area for further work. In Second objective – Compare the thermal performance with 

that of regional best practices adapted in such buildings. To achieve the expected outcome to 

identify the best practices, the review of regional best practices and analytical assessment by 

the comparative study (Traditional vs. Modern) will be carried out with the help of literature 

studies and surveys. And lastly for the final objective of dissertation – To identify methods 

and materials to improve thermal performance of residential buildings considering the current 

day best practices; the review of emerging construction system in the selected study area will 

be conducted. Also thermal performance of selected building will be analysed and then 

compared with each to other which will lead to expected outcome of providing 

recommendations for the better thermal performance of residential buildings in cold climate 

which will be the final output of this dissertation. 
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Tools and Techniques 

 

 

Figure 10 Tools and Techniques 

 

Climate consultant 

This tool is the graphic based program to conduct the study about climate by uploading the 

weather data of particular location. It has helped in finalizing the study location for this 

dissertation. 

Solidworks 

This tool covers up a very small yet innovative part of the study i. e. calculating a composite 

wall system/assembly used in traditional building. This technique with help of this tool can 

be applied for any location and any composite wall system. 

  

Weather Data 

Exporting to 

spreadsheet 

program 

Hourly data for 

Temperature 

Input material 

data, thickness, 

etc. 

Adding a 

building 

Assigning 

activities, 

openings, etc.  

Material Data 

Designing 

section of 

material 

Getting U value 

Analytical 

assessment 
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Energy plus - Design Builder  

This tool helps in achieving the results at building level. 

Context for simulation: 

Occupant level– 

- Air quality 

- Acoustical quality 

- Ergonomic factors 

- Spatial design 

Owner level – 

- Optimal Investment 

- Lower operational costs 

Environmental – 

- Low energy consumption 

- Lesser environmental impact 

 This tool can simulate Heat load received inside, Temperature inside building, Wind speed 

inside building, Daylight inside building, etc. To simulate, the inputs given are Building 

geometry, Co-orientation, Arrangement of openings, Wall type and thickness, Chajjas, 

Weather (solar radiation, wind, humidity), Material data (Density, Specific heat, conductivity, 

etc.), Occupants’ behaviour, etc. and the techniques that can be used to conduct the analytical 

assessment are steady state method (assume some parameter steady),  Dynamic methods, 

Correlation methods. This study is using the steady state method majorly. A pilot study was 

conducted to validate and expertise this tool. 

Pilot Study 

In this study, a shoebox model has been simulated for the given combinations. 

- 4X4 meter brick building with single pane glazed windows at two opposite walls. 

- Roof and floor is adiabatic. 

- Orientation of 0 and 90 degrees. 

- Two different locations used that are, Manali and Shimla. 

- Naturally ventilated and a Heating equipment used. 
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Figure 11 Combinations for Pilot Study 

 

Some results like were taken out. Windows facing north south with WWR of 20% is letting 

the heat in the block. So the indoor temperature is higher than outdoor temperature during 

most of the day time. But also the Heating equipment (In this case, Packaged direct 

expansion - chosen for this case according to CoP and cost) system is even more helping to 

keep the block warm inside  in regular. 
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Manali       Shimla 

 

 

 

Figure 12  Pilot study - Time lag for Shimla and Manali 
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3.  DETAILS OF THE STUDY 

CLIMATE 

Climate plays a major role in day-to-day and overall life of human beings. Their life patterns, 

activities and behaviour are greatly influenced by the elements of climate. The basic 

elements, namely, air temperature, solar radiation, humidity, rainfall and Wind form the 

general climate of a place. And all these basic elements affect the energy and thermal 

performance of the building. Variations in the levels of these elements occur throughout the 

country. Climate is an overall output of weather over long periods of time. It is measured by 

evaluating the patterns of variables in given region and over long periods of time. Some of 

the climate variables can be given are Dry bulb Temperature, Relative Humidity, Solar 

Radiation, Air Movement, Precipitation, Cloud Cover, Sunshine duration, etc. 

Elements of Climate data for climate classification – 

Temperature – 

- Monthly mean of daily maxima (°C) 

- Monthly mean of daily minima (°C) 

- Standard deviation of their distributions 

Humidity – 

- Early morning relative humidity (%) 

- Early afternoon relative humidity (%) 

Solar Radiation – 

- Monthly mean daily total (in MJ/m2 or Wh/m2) 

Wind –  

- Prevailing wind speed (m/s) and direction 

Rainfall – 

- Monthly total (mm) 

Basically, there are five types of climate relevant to building design according to National 

Building Code of India, 
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- Hot and dry 

- Warm and humid 

- Composite 

- Temperate 

- Cold 

 

COLD CLIMATE 

Cold Climate are the regions, where the mean day by day dry bulb temperature of 6°C or less 

win amid the periods of December and January, and height is in excess of 1200 m above 

mean ocean level (MSL), are the zones of cold climate according to National Building Code, 

India. IT is spread over Jammu and Kashmir, Himachal Pradesh and Pratts of Uttarakhand, 

Sikkim and Arunachal Pradesh. There are other small areas of cold climate across the India 

too. Primary criterion in this locale is heating in winter season. Partitions and rooftop should 

to be secured against the precipitation and snowfall. Artificial heating is required in the 

winter months in these areas for survival. 

DATA 

The core of this study is the weather data for the locations which has helped for the selection 

of study area and has helped in studying the effect on thermal performance on the 

representative residential buildings. 

Weather data is the measured weather. Collecting data every day can show you patterns and 

trends, and helps figure out how our atmosphere works. Weather data comprises of the facts 

or readings about the state of the atmosphere, including temperature, wind speed, rain or 

snow, humidity, and pressure of that particular location. Nowadays, high-tech equipments 

help take reading of above variables with a very good accuracy. And it can be measured from 

the ground, the air, and from the help of satellites. Data Collection Devices like thermometers 

to measure temperature, radar systems to create maps of rain and snow and measure motion 

of rain clouds by bouncing waves off the clouds and measuring how long it takes to return, 

barometers to measure pressure in atmosphere, i.e. how much air is present in the particular 

volume, rain gauges to measure the rainfall, wind vanes and anemometers to measure speed 
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and direction of the wind, , transmission meters to measure visibility, and hygrometers to 

measure humidity help in taking readings and then prepare the weather data files. 

Global climate database can generates accurate and representative typical years for any place 

on earth and one can choose from more than 30 different weather parameters. The database 

consists of more than 8 000 weather stations, 5 geostationary satellites and globally calibrated 

aerosol climatology. 

 

SELECTING LOCATION FOR THE STUDY 

To arrive at a representative location for the study, weather for a bunch of  locations is 

compared with the help of Monthly average temperature, Maximum and Minimum 

Temperatures of those locations, Heating degree days and hours, Diurnal variation were 

considered. The weather data was processed to compare these values. And HIMUDA demand 

survey and other literature studies helped in identifying the criticality of the location and 

finalizing the location. 
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Monthly average temperature 

Monthly average values help us define the difference between the hottest and coldest months.  

Thus it has helped in selecting the representative summer and winter weeks for the study. 

 

Figure 13 Monthly Average Temperatures of Given Locations 
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Himachal Pradesh is chosen to conduct the research on the dissertation topic and funnel down 

representative study area according to data availability and time constraints. If we look at the 

monthly average values of temperatures of certain locations of Himachal Pradesh, we find 

that Kaza and Tabo are showing the extremities of cold climate. And most of the other 

locations are falling in the ribbon of 10°C difference. But only monthly averages are not 

enough to decide the location for the study which will represent the cold climate in Himachal 

Pradesh. Because average values are made from all the values in the month, including the 

rare extremes, which can cause misinterpretation about the weather of that particular location. 

But in case of Tabo and Kaza, even the monthly average values are going near the extremes 

and are out of the bunch of locations. So they are excluded for the further funnelling down for 

deciding the location for the study. Assessment of climate conditions are further carried out 

for the other given locations above are carried out as this discussion goes further with the 

help of other types of analyses. 

Maximum and Minimum Temperatures 

The maximum and minimum temperature readings give an idea about the extremities of hot 

and cold period of those particular months. 

 

Figure 14 Maximum and Minimum Temperatures for given locations 
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In this case, Kaza, Rohru, Shimla, Chamba, Banjar, Rampur Bushahr are relatively colder 

locations in the given list, Also Kaza and Tabo are having extreme climates. Bharmaur, 

Bhuntar, Keylong, Manali are relatively warm regions. Chitkul, Dalhousie, Dharamshala, 

Kullu, Manikaran, Mcleod Ganj, Naggar, Palampur, Reckong Peo and Sangla are in the 

similar range. Amongst these, Dharmashala stands on 6th place, having most demand in 

houses followed by Palampur on 10th place and Dalhousie on 20th. 

Diurnal Variation 

The difference between maximum of the day and minimum of the night temperatures or the 

temperature difference range between minimum and maximum of the day (24 hours)  is 

known as Diurnal Variation of that day. This value also gives the idea about thermal mass 

capacity needed for that particular location.

 

Figure 15 Diurnal Changes for given locations on summer day 
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Figure 16 Diurnal Changes for given locations on Winter Day 

According the monthly average temperatures and minimum and maximum values of 

temperature in every month it is found that January represents the winter month and June 

represents the summer month of the year. The representative summer week decided is 08.06-

15.06 and the representative winter week decided is 08.01-15.01, again according to the daily 

average values. To learn about diurnal changes one representative day has been selected. 

Heating Degree Days 

These are the days on which the building is needed to heat to maintain the thermal comfort. 

In this case, heating degree days are calculated according to adaptive thermal comfort 

formula of ASHRAE and not by the set comfort temperature levels.  

𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝐶𝑜𝑚𝑓𝑜𝑟𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 =  13.5 +  0.54 (𝑇𝑜) 

If Outdoor temperature is 34 degree Celsius, 
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Then, 

𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝐶𝑜𝑚𝑓𝑜𝑟𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 =  13.5 +  0.54 (34) 

𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝐶𝑜𝑚𝑓𝑜𝑟𝑡 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 =  31.86 

So, the comfortable temperature indoors at outdoor temperature 34°C is 31.86°C 

Heating degree hours 

Similarly, The hours which are in need to heat the building to maintain the thermal comfort 

inside according to given human activity are the heating degree hours. Here, they are 

calculated for the whole year. 

 

Figure 17 Heating Degree hours for year for given locations 

Here, after calculating the heating degree hours for the given locations according to the 

adaptive thermal comfort formula given by ASHRAE, Chitkul, Keylong and aSnagla are the 

mostly cold locations, since they are in need of heating almost over the year. Dlahousie, 

Dharamshala, Reckong Peo, Mcleod Ganj, Rohru and Shimla are the locations in which more 

than 85% of tbe year is in need of heating. And the least heating needed is in the Chamba, 

Bhuntar, Kullu,Rampur Bushahr and Manikaran. 
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HIMUDA Demand Survey 

India’s cold climate is spread over quite a number of states. The cold climate is spread major 

over Jammu and Kashmir, Himachal Pradesh, Parts of Uttarakhand and parts of Sikkim and 

Arunachal Pradesh. There are other small areas of cold climate across the India. Some parts 

of Himachal Pradesh are chosen for the dissertation. The study area is further funnelled for 

the detailed study for this dissertation according to the Climate analyses carried out in 

Chapter – ‘Analyses and Results’ along with the support of HIMUDA (Himachal Pradesh 

Housing and Urban Development Authority) demand survey. 

HIMUDA demand survey was conducted in 77 cities in Himachal Pradesh to fullfill the 

purpose to assess the demand of residential houses, plots and flats in respective cities prior 

starting the development. 69,618 applications were received for both the phases under this 

survey. The applicants prioritized the location according to the cleanliness in the city, type of 

the city (agricultural city, industrial city or tourist hotspots), connectivity and access during 

winter season. 

 

Figure 18 HIMUDA Demand Survey 

Most of the applications received were from Solan, Shimla, Kangra, Una and Mandi. Also, if 

we look at the ten cities which are in highest demands, they are, Shimla, Una, Hamirpur, 

Solan, Kasauli, Dharamshala, Mandi, Parwanoo, Baddi and Palampur. 
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Figure 19 HIMUDA Demand Survey 

HIMUDA has also acquired the land according to the demand in various places including 

Shimla, Kasauli, Parwanoo, Dharmshala, Kangra, Palampur, Una, Kullu, Manali, Chamba, 

etc. 

After analysing the weather for a bunch of locations is compared with the help of Monthly 

average temperature, Maximum and Minimum Temperatures of those locations, heating 

degree days and hours, Diurnal variation were considered. The processed weather data and 

the HIMUDA demand survey has filtered out the locations and the study arrived at selecting 

Dharamshala as a location for study. 
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SELECTING REPRESENTATIVE BUILDINGS 

Modern day buildings are appearing in large numbers. People are choosing cheaper materials 

and easier and cheaper construction techniques to construct the building. The economical 

factor has become the important factor in taking any decision about the design of the 

building; instead it should be users’ preference and comfort (Thermal, Acoustical, and Visual 

Comfort), aesthetics, etc. The generations have been experiencing and talking about the 

difference between older day buildings and modern day building according to their comfort 

but there has been no valid research happened in this type of climate for Thermal 

Performance of building. So there is a immense need to compare, observe and learn from 

traditional buildings to improve our modern day buildings. Representative buildings are 

selected according to data availability and limitations of tools. 

Modern day building was selected according to popular construction materials and practices 

that have been incorporated in the building which affect the thermal performance of the 

building. When HIMUDA came into existence in 2004 to fulfil the objective to create 

infrastructure to meet with the Housing needs of different income groups and to provide for 

development schemes for mobilizing public and private resources for the promotion of 

housing colonies and related infrastructure and to provide mechanism for planned 

development of housing colonies. It aims to develop housing colonies at various places of the 

State under different housing schemes like Social Housing Schemes, Self-Financing 

Schemes, and Rental Housing Schemes for HP Govt. employees, Police Personnel etc. So the 

following plan for housing is also developed for Dharamshala by the same organization and 

chosen for further analytical assessment. 

 

Figure 20 Plan for residential project in Dharamshala by HIMUDA 
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A traditional building here means a typical building style with common building material and 

technique used in earlier days. It is chosen according to the literature study (Regional 

Practices – Building Materials and Construction techniques) done in previous chapter from 

the same locality. 

 

 

Figure 21 Traditional representative building 
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4. THERMAL PERFORMANCE ANALYSIS 

ANALYTICAL ASSESSMENT OF MODERN REPRESENTATIVE BUILDING 

The chose buildings are further taken into Energy Plus – Design Builder for analysing and 

evaluating the thermal performance. It is a three storeyed residential building having total 6 

numbers of 1BHK flats in it. A base case was prepared for the same. The building is designed 

with 230 mm brick walls, 20 mm external wall plaster and 10 mm internal wall plaster. The 

windows are single layer glazed windows. And the basic activities are provided to each room 

as per the design. Whereas, A traditional building is smaller and compact in size with 

comparatively smaller windows and with mud walls and sloping slate roof. 

 

 

 Figure 22 Modern day building modelled in DesignBuilder 
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Figure 23 Time lag of Modern Day Building (Winter Week) 

 

Figure 24Time lag for Modern Day building (Summer Week) 
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Figure 25 Time lag for modern day building - representative Winter Day 

 

Figure 26 Time lag for Modern Day Building - representative summer Day 
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The parameter of Time lag was observed for the existing building with existing orientation 

i.e. Solid brick wall construction. It was observed for representative winter week, 

representative winter day, representative summer week and representative summer day. It 

was observed that in the winter when time lag was 1 hour it was extending till 2 to 2½ hours 

in representative summer week and day. Similar study was conducted for the existing 

traditional building too. 

ANALYTICAL ASSESSMENT OF TRADITIONAL BUILDING 

This type of house is chosen as a representative traditional house for the study. It is a two 

storeyed mud house with small windows and slate sloping roof with comparatively smaller 

volumes. This building is comparatively smaller and compact than the modern day building 

chosen. It has small WWR and Verandah. 

 

 

Figure 27 Traditional Building modelled in DesignBuilder 
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Figure 28 Spatial Layout of Traditional representative building 

 

The representative traditional building is is providing enough shelter against the outdoor air 

cold temperature that is indoor air temperature is staying around 23-25 degree Celsius. 
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Figure 29 Summerizing indoor comfprt for Summer week - traditional building 

 

 

Figure 30 Summerizing Indoor comfort for traditional building summer day 
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5. COMPARISON OF THERMAL PERFORMANCE 

COMPARATIVE STUDY 

The shortlisted materials from the literature study were applied and the analytical assessment 

was carried out evaluate the effect on thermal performance of the materials in representative 

modern and traditional residential building.  

Amongst the shortlisted building material and techniques, Kathkhuni is the one which did not 

have the basic data to input for the analytical assessment to be done on the Design Builder. 

The disadvantage of design builder is that only the longitudinal section of the wall can be 

designed in it. There was a need to design the wall section both vertically and horizontally in 

this type of wall system. The typical wall section i.e. assembly is designed for the Kathkhuni 

construction and then a square meter of the wall is prepared to get the Overall U- value for 

square meter of the wall area according to the following conditions and the material 

properties. 

 

 

Figure 31 Typical section of Kathkhuni construction 
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Figure 32 Circuit diagram for typical section of Kathkhuni construction 

 

Figure 33 Heat flow from the typical ssection of Kathkhuni Construction 

 

Outdoor Air 

Temperature 

Indoor Air 

Temperature 
 

Average resultant 

heat flux 
Delta T 

U value = Avg. 

resultant heat 

flux/Delta T 

39 19 Max 59.3 20 2.965 

-6 19 Min 74.2 25 2.968 

39 24 Max 44.5 15 2.966666667 

-6 24 Min 89 30 2.966666667 

39 30 Max 26.7 9 2.966666667 

-6 30 Min 89 36 2.472222222 

     
2.88420370 

 

 

 

The average resultant heat flux is generated in the simulation run for the given wall section and given 

outdoor and indoor temperature conditions. And the averaged values of all combinations are then 

averaged to do the assessment further in Design Builder for the whole building. 
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To calculate the U-value, above method is also backed up with the mathematical calculation. 

Conduction 
k (Thermal 

Conductivity) 
Length Width Height Area R=(L/k) Resistance 

Resistance 

*Area 

 W/m.K Meter m2    

Stone 1.10 0.350 3.000 0.050 0.150 0.318 R1 0.318 0.0477273 

Wood 0.13 0.075 3.000 0.050 0.150 0.577 R2 

0.827 

0.1240385 

Stone 1.10 0.275 3.000 0.050 0.150 0.250 R3  

Wood 0.13 0.075 3.000 0.050 0.150 0.577 R4 

1.336 

0.2003497 

Stone 1.10 0.200 3.000 0.050 0.150 0.182 R5  

Wood 0.13 0.075 3.000 0.050 0.150 0.577 R6  

Stone 1.10 0.275 3.000 0.050 0.150 0.250 R7 

0.827 

0.1240385 

Wood 0.13 0.075 3.000 0.050 0.150 0.577 R8  

Stone 1.10 0.350 3.000 0.050 0.150 0.318 R9 0.318 0.0477273 

Convection h  Width Height Area R=(1/h)    

Air 30.00  3.000 0.250 0.750 0.033 RIndoor 0.033 0.025 

Air 30.00  3.000 0.250 0.750 0.033 ROutdoor 0.033 0.025 

𝑅 = ((
1

(
1

𝑅1) + (
1

𝑅2) + (
1

𝑅3) + (
1

𝑅4) + (
1

𝑅5
)

) +
1

𝑅𝑖𝑛𝑑𝑜𝑜𝑟
+

1

𝑅𝑜𝑢𝑡𝑑𝑜𝑜𝑟
) 

The U value according to the Fourier’s law of conduction 

𝑅 =  𝐿/𝐾𝐴 

𝑈 =  1/𝑅 

U value for Kath khuni construction in 2.27 
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The U-value 2.8 was put in the building wall properties for analytical assessment. And the 

readings for Indoor Air Temperature, Outside Surface Temperature, Surface Heat Gains, etc. 

were collected. And these readings were processed for the analyses and comparative study. 

The representative summer week (08.06 to 15.06) and winter week (08.01 to 15.01) were 

chosen according to the peak summer and winter days observed for the given location based 

on historic and current weather data. Furthermore, the representative summer day (08.06) and 

winter day (08.01) were chosen to conduct the study in detail. 

To carry out this comparative study, the shortlisted building materials and techniques were 

applied to the representative traditional and modern day building with constant WWR 

(Window Wall Ratio), Wall Thickness, Spatial Layout, Activities, Occupation, Natural 

Ventilation, Air change rate, minimum artificial lighting, etc. 

In the initial part of Comparative study the effect of the wall materials and techniques was 

studied by looking at the amount of protection provided by the wall material against outdoor 

air temperature i. e. indoor vs. outdoor temperature. It was observed that Solid Brick 

Masonry, Kathkhuni Construction and Brick Cavity wall has given maximum warmth, 

whereas, Rubble stone masonry and AAC blocks used for the wall has caused comparatively 

least protection from the outdoor air temperature, n the traditional building on the summer 

day. In reverse, AAC is providing maximum warmth in the winter day, along with Solid 

Brick Masonry wall and Brick Cavity wall, but Rubble stone masonry could not in traditional 

building. Similarly in Modern Day building, AAC blocks wall performed comparatively 

better in summer days along with Solid brick wall and Brick Cavity wall. And In winter day 

again, AAC block wall managed to keep the significant difference between outdoor air 

temperatures while maintaining comfortable temperature almost throughout the day (i.e. 

24°C) followed by Brick Masonry wall. 
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Figure 34 Summer -Indoor and outdoor temperatures for shortlisted materials in Traditional building 

 

Figure 35 Summer -Indoor and outdoor temperatures for shortlisted materials in Modern Day building 
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Figure 36 Winter- Indoor and outdoor temperatures for shortlisted materials in Traditional building 

 

Figure 37 Winter  Indoor and outdoor temperatures for shortlisted materials in Modern day building 
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Time Lag 

It is the time taken to reach the peak temperature on outside air to reach the inside peak air 

temperature. This amount of time can help in giving the warmth inside at needed time. Here, 

in summer the Rubble stone wall and Kath khuni construction is having the most amount of 

time lag followed by Adobe wall Construction in Modern building and, In traditional 

building, Kathkhuni is performaing comparatively better than other materials. The time lag of 

3 to 4 hours gives an advantage of warming up the indoor space while it is reducing 

temperature outside and thus providing better comfort. But, In winter week the only best 

performing materials are Rubble stone wall, Kathkhuni Construction and  Adobe wall 

construction. 
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Heat gain is a measure of the total transfer of heat through envelop of a building from outside to the 

inside, either from conduction, convection, radiation, or any combination of these. And negative 

values of these show the Heat loss. The values in the following graph are calculated for the whole 

year through analytical assessment. Most of the values are seen in negative due to the presence of 

building in the cold climate. AAC block wall is performing the best since they are the only once 

gaining heat against the outside cold weather which is needed. 

 

Figure 38 Heat gain (KW) through walls for selected materials 

Thermal Damping: 

A study by Tsilingiris (2002) validates that by looking at the factor relating damping 

efficiency, the actual performance of wall system can be computed. Here both Traditional 

and Modern day building’s Thermal Damping is calculated according to the formula given in 

NBC and all the wall materials and construction techniques shortlisted were compared. Here, 

Adobe wall followed by Kathkhuni construction and solid brick wall, is providing 

comparatively better thermal damping than other building materials and construction in both 

Summer and Winter days in both types of the buildings. 
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Thermal Performance Index 

According to Nation Building Code of India the Thermal Performance Index were computed 

and the materials and techniques were compared. It was observed that Solid Brick Masonry, 

Kathkhuni construction, Adobe wall construction were performing comparatively better in all 

the given conditions. Whereas AAC blocks wall performed better in traditional building in 

winter and in modern building in both the seasons. 

 

 

Figure 39 TPI for Traditional building 
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Figure 40 TPI for modern day building 
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The base case for modern building was prepared and studied to be compared further for the 

cases that have been prepared.  

Discomfort hours: 

They are calculated according to the Adaptive comfort formula given by ASHRAE. It is the 

number of how many hours in that particular season/year requires heating. And Degree hours 

is a cumulative value of how many degrees and hours is exceeding the comfort temperatures 

calculated in that region. 

 

If we look at the base case, September is the month with least number of discomfort hours. 

Following the month July and October comes, since the representative traditional building is 

located in cold climate. And the least comfortable months are December and January since 

these are the coldest months. March is also the least comfortable month. If we look at the 

traditional building July, June and August are the having the least discomfort hours, whereas 

in these months of peak summer, the base case is not performing well by having more than 

65% of the discomfort hours in the months. 
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Time lag and Decrement factor for rooms 

To observe how the spatial planning of the building is affecting the thermal performance of 

those buildings the values of Time lag and Decrement factor were studied and discussed. 

Three rooms were chosen in the building to observe in modern building i.e. Dining Room, 

Drawing room and Master Bedroom. And the walls chosen are external walls and without 

any fenestration. And the further observations for time lag and decrement factor were 

collected. 

 

 

Figure 41 Time lag for selected walls 

Here, it was observed on the Ground floor and First floor, the time lag is not changing much around 

all the orientation. The time lag is lower than the time lag is in winter due to heat loss that is 

happening in summer is more than winter. But on the top floor i. e. second floor the time lag is 

increasing towards east and west orientations. And East facing wall is having more time lag value 

than west facing one. It was observe the maximum decrement factor is face by south facing wall due 

to the maximum exposure to the sun. But after South the east and west facing walls are facing 

significant amount of decrement factor due to exposure to the sun. The time lag values and decrement 

factor values of the south facing wall, the rooms in south are staying warm for long time. The 

bedrooms are given in south, and due to longer time lag they are providing warmth in the needed time 

i. e. in the evening. Most of the exposed surface area is also in south to provide the comfort 

temperature inside rooms. 
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TIME LAG (MODERN BUILDING) 

Table 3 Time lag for Modern Day buiding 

Floor 
Flat 

No. 
Room 

North 

Facing 

Wall 

Summer  

North 

Facing 

Wall 

Winter 

East 

Facing 

Wall 

Summer 

East 

Facing 

Wall 

Winter 

South 

Facing 

Wall 

Summer 

South 

Facing 

Wall 

Winter 

West 

Facing 

Wall 

Summer 

West 

Facing 

Wall 

Winter 

Ground 

Floor 

1 

Dinning 2 1 1 2 - - - - 

Master 

Bedroom 
2 1 2 2 2 1 - - 

2 

Dinning 2 1 - - - - 2 3 

Drawing - - - - 1 1 - - 

M.B. 2 2 - - 2 2 2 1 

First 

Floor 

1 

Dinning 2 2 1 2 - - - - 

Drawing - - - - 1 1 - - 

M.B. 2 2 2 1 2 1 - - 

2 

Dinning 2 4 - - - - 2 3 

Drawing - - - - 1 1 - - 

M.B. 2 2 - - 2 2 1 1 
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Floor 
Flat 

No. 
Room 

North 

Facing 

Wall 

Summer  

North 

Facing 

Wall 

Winter 

East 

Facing 

Wall 

Summer 

East 

Facing 

Wall 

Winter 

South 

Facing 

Wall 

Summer 

South 

Facing 

Wall 

Winter 

West 

Facing 

Wall 

Summer 

West 

Facing 

Wall 

Winter 

Second 

Floor 

1 

Dinning 1 1 2 4 - - - - 

Drawing - - - - 2 1 - - 

M.B. 1 1 2 2 1 1 - - 

2 

Dinning 2 2 - - - - 2 2 

Drawing - - - - 2 1 - - 

M.B. 2 2 - - 2 2 2 1 
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DECREMENT FACTOR (MODERN BUILDING) 

Table 4 Decrement factor for Modern day building 

Floor Flat No. Room 

North 

Facing 

Wall 

Summer  

North 

Facing 

Wall 

Winter 

East 

Facing 

Wall 

Summer 

East 

Facing 

Wall 

Winter 

South 

Facing 

Wall 

Summer 

South 

Facing 

Wall 

Winter 

West 

Facing 

Wall 

Summer 

West 

Facing 

Wall 

Winter 

Gound 

Floor 

1 

Dinning 1.02 0.52 5.13 0.37 - - - - 

Drawing - - - - - - - - 

Master 

Bedroom 
0.24 -0.58 5.84 2.27 1.13 5.62 - - 

2 

Dinning 0.31 0.53 - - - - 6.81 0.27 

Drawing - - - - 1.5 5.6 - - 

Master 

Bedroom 
0.27 -0.92 - - 0.95 5.98 6.9 1.86 

First 

Floor 

1 

Dinning 1.01 0.66 5.15 0.34 - - - - 

Drawing - - - - 1.39 5.37 - - 

Master 

Bedroom 
0.22 -0.59 5.81 2.28 1.09 5.9 - - 

2 

Dinning 0.29 0.67 - - - - 6.82 0.44 

Drawing - - - - 5.37 5.37 - - 

Master 

Bedroom 
0.27 -0.91 - - 0.91 5.97 6.86 1.82 
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Floor Flat No. Room 

North 

Facing 

Wall 

Summer  

North 

Facing 

Wall 

Winter 

East 

Facing 

Wall 

Summer 

East 

Facing 

Wall 

Winter 

South 

Facing 

Wall 

Summer 

South 

Facing 

Wall 

Winter 

West 

Facing 

Wall 

Summer 

West 

Facing 

Wall 

Winter 

Second 

Floor 

1 

Dinning 5.41 0.59 1.02 0.65 - - - - 

Drawing - - - - 5.32 1.66 - - 

Master 

Bedroom 
-0.58 0.19 2.28 5.78 5.85 1.38 - - 

2 

Dinning 0.28 0.55 - - - - 6.85 1.26 

Drawing - - - - 1.71 5.32 - - 

Master 

Bedroom 
0.25 -0.89 - - 1.12 5.95 6.81 1.79 
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6. CONCLUSION 

Thermal performance of residential building in cold climate is one of the untouched, critical 

and important areas to research in India. When India saw mass production and 

industrialization along with population explosion and increased demand, people chose for 

economical solutions rather than focusing on what is needed in that area. It is a need to 

identify the means and methods from our traditions for the modern era. We have seen 

landslides and floods due to haphazard urbanization in Himachal Pradesh, but thermal 

performance and its bad effects are the most ignored areas of construction sector. This 

dissertation was conducted to add into the knowledge of this area for the betterment of 

humans. 

Though this dissertation is theoretical study, it is strongly based on the literature study done. 

The literature study helped in contextualizing of the study area, scope and limitations. The 

representative traditional and modern day buildings were chosen very critically for this study. 

The shortlisted building materials and techniques were also decided based on the historic and 

current day uses in the location Dharamshala. These materials and techniques were studied 

for their thermal performance in both type of the buildings with the help of parameters like 

TPI, Thermal Transmittance (U), Time Lag, Thermal Damping, Heating degree days, etc. 

The traditional buildings are performing better than modern day buildings because the indoor 

temperature maintained in traditional buildings is more balanced and comfortable for the 

residents, whereas the indoor temperatures in modern day building were observed more 

deflecting in different seasons and daytimes.Though the spatial design of the modern day 

buildings is completely different from traditional buildings, it creates the limitation of 

directly applying the materials and techniques from traditional buildings to modern day 

buildings. But the advanced building technologies can help in using some elements from the 

traditional buildings. 
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The comparative study based on selected parameters recommended the combinations of 

traditional and modern day building materials and techniques with other more 

recommendations. It also recommended achieving same or similar U-value of tradition 

construction systems in modern day buildings can help in better thermal performance. 

We can learn from the examples like MLA Hostel in Shimla. As the study has demonstrated, 

we can always learn from traditions and historical events.  
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7. RECOMMENDATIONS 

• Traditional building was performing better than modern day building because of its 

compactness and small windows were helping reducing the heat loss that was 

happening due to more open plan and more WWR in modern day building. It is 

recommended that if there is need of construction smaller building, the building’s 

spatial design should be kept compact and with smaller windows. But modern day 

buildings are comparatively bigger in size serving more numbers of families. In this 

case, if designer wants to achieve better thermal performance for the building in terms 

of spatial design, It is recommended to design the building in compact way, gaining 

more warmth from the sun in winters for needed rooms in the house/flat. Other option 

for this can be the inspiration from verandah in modern-day building; the new 

building can be designed inward looking. 

• It was seen that the traditional materials and techniques like Solid Brick Wall, Brick 

Cavity wall and Kathkhuni construction has given better performance than modern 

building materials and techniques like AAC blocks. For the colder locations than 

Dharamshala, these materials and techniques can be considered for the modern day 

residential buildings. They can be combined with the modern day materials and 

techniques. 

• AAC blocks are recommended as an economical choice for building wall material to 

make the winters comfortable in the residential, but there should be enough measures 

taken to improve thermal performance in summer season. Because AAC blocks might 

create discomfort in summer days and can cause unbearable indoor temperatures. 

• According to the peak high and peak low temperature of the day, Rubble stone is 

improving the thermal performance in peak high temperature, and other materials are 

almost keeping the indoor temperature comfortable. It is recommended in the cold 

climate, which is not extreme, the south face of the building to be built or cladded (for 

economic reasons) with rubble stone to improve the thermal performance. 

• According to peak temperature, AAC block wall is providing warmth in the morning 

time, whereas other materials perform better in the evening. It is not recommended to 

use AAC blocks wall in the locations where diurnal variation is relatively high. The 

evenings might become unbearable due to its heat radiation property and time lag. 
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• Brick cavity wall is recommended as economical construction technique for the 

smaller residential building where the wall will not reduce carpet area so much that it 

will cause increase in total building cost or the loss, depending on the user’s 

requirements. 

• Adobe wall is recommended for the balanced change in indoor temperatures in 

comparison of outdoor temperature. So it will not unbearable when user moves from 

outdoor to indoor. It is more recommended for the spaces where the user contact first 

from outdoor to indoor like lobby, verandah, waiting area, etc. 

• Design elements like compactness of the building and small windows are 

recommended for better thermal performance in summer season. 

• Since the technique – Kathkhuni construction is not possible for the modern day 

building, the U-value can be balanced to the Kathkhuni wall by using same (Slate, 

Wood) or similar materials from kathkhuni as internal or external (as per the location 

requirements) cladding to achieve similar thermal performance of Kathkhuni 

construction 

• The spaces in a residential building which are in need of more warmth are 

recommended to be oriented on the east and/or south face of the building. 
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SCOPE FOR FUTURE RESEARCH 

• This study can be carried further with the field measurements. 

• The effect of different insulating materials and techniques can be studied further with the 

methodology and analytical framework used for this dissertation. 

• Especially the U-value calculation (Manual and Software base) of traditional technique of 

Kath khuni construction can be more valued with the experimental study. For this technique 

the research gap for insulating qualities can be studied. 

• The same study can be conducted for other vernacular practices in the world for preliminary 

study. 

• The limitation for this study of extreme climates can be considered. 

 

  



Thermal Performance of Residential Buildings in Cold Climate | 95 
 

REFRENCES 
Ab, A., 2007. International Climate Zone Definitions. , (cm), pp.1–4. 

Ahmed, A. et al., 2009. THERMAL PERFORMANCE OF EARTH-AIR HEAT EXCHANGER 

FOR REDUCING COOLING ENERGY DEMAND OF OFFICE BUILDINGS IN THE 

UNITED KINGDOM Abdullahi Ahmed , Kenneth Ip , Andrew Miller and Kassim Gidado 

School of Environment and Technology , University of Brighton , Coc. , (2003), pp.2228–

2235. 

Akeiber, H.J. et al., 2017. Thermal performance and economic evaluation of a newly developed 

phase change material for e ff ective building encapsulation. Energy Conversion and 

Management, 150(March), pp.48–61. Available at: 

http://dx.doi.org/10.1016/j.enconman.2017.07.043. 

Alencastro, J., Fuertes, A. & Wilde, P. De, 2018. The relationship between quality defects and the 

thermal performance of buildings. Renewable and Sustainable Energy Reviews, 81(June 

2017), pp.883–894. Available at: http://dx.doi.org/10.1016/j.rser.2017.08.029. 

Ali, Q. et al., 2012. In-plane behavior of the dhajji-dewari structural system (wooden braced frame 

with masonry infill). Earthquake Spectra, 28(3), pp.835–858. 

Alves, C.A., Duarte, D.H.S. & Gonc, F.L.T., 2016. Residential buildings ’ thermal performance 

and comfort for the elderly under climate changes context in the city of São Paulo , Brazil. , 

114, pp.62–71. 

Andarini, R., 2014. The role of building thermal simulation for energy efficient building design. 

Energy Procedia, 47, pp.217–226. Available at: 

http://dx.doi.org/10.1016/j.egypro.2014.01.217. 

Anon, CODE ON ENVELOPE THERMAL PERFORMANCE FOR. , pp.1–84. 

Anon, Improving the Thermal Performance of the Building Envelope. 

Anon, 2010. Modeling Requirements for Calculating Proposed and Baseline Building 

Performance ( continued ). , p.2010. 

Anon, 2009. No Title. , pp.1–33. 

Anon, 2019. Thermal energy storage with phase change materials ( PCMs ) for the improvement 

of the energy performance of buildings THERMAL ENERGY STORAGE WITH PHASE 

CHANGE MATERIALS ( PCMs ) FOR THE IMPROVEMENT. , (December 2015). 

Anon, 1998. window and a supply-air window NRCC-41020. , pp.1–10. 

Asan, H., 1998. Effects of wall’s insulation thickness and position on time lag and decrement 

factor. Energy and Buildings, 28(3), pp.299–305. 



Thermal Performance of Residential Buildings in Cold Climate | 96 
 

Auliciems, A. & Szokolay, S. V, Thermal comfort. 

Awbi, H.B., 1994. Pergamon. , 5, pp.1081–1090. 

Bleil de Souza, C. & Tucker, S., 2015. Thermal simulation software outputs: a framework to 

produce meaningful information for design decision-making. Journal of Building 

Performance Simulation, 8(2), pp.57–78. Available at: 

https://doi.org/10.1080/19401493.2013.872191. 

Bluyssen, P.M., The Indoor Environment Handbook, 

Bueno, B., Norford, L. & Pigeon, G., 2011. Combining a Detailed Building Energy Model with a 

Physically-Based Urban Canopy Model. 

Chandel, S.S. & Aggarwal, R.K., 2012. Thermal Comfort Temperature Standards for Cold 

Regions. , 2. 

Data, P.T., 2018. Kullu, india. , (950 mm), pp.2–4. 

DesignBuilder Software, 2006. ANSI/ASHRAE Standard 140-2004 Building Thermal Envelope 

and Fabric Load Tests. , 0(June). Available at: 

http://www.designbuilder.co.uk/documents/ANSI_ASHRAE.pdf. 

Diao, R., Sun, L. & Yang, F., 2018. Thermal performance of building wall materials in villages 

and towns in hot summer and cold winter zone in China. Applied Thermal Engineering, 128, 

pp.517–530. Available at: https://doi.org/10.1016/j.applthermaleng.2017.08.159. 

Dresen, M., 2011. What kind of data is needed to identify climate impacts ? How can data be 

managed and organized through data catalogues ? Metadata Standards , Data Catalogues and 

Data. , (September). 

Efficiency, E., 2016. Energy Conservation Building Code. 

Evangelisti, L. et al., 2014. of Different Buildings. , pp.5311–5321. 

Gupta, S.K., Nathani, N. & Board, C., 2016. Thermal Performance of Wall & Roof – Efficiency of 

Building Materials. , 5(5), pp.2013–2016. 

Hicyilmaz, K.M.O. et al., 2012. Seismic Performance of Dhajji Dewari. Proceedings of the 15th 

World Conference on Earthquake Engineering, Lisbon, Portugal  , (September 2012). 

Available at: 

c:%5CUsers%5CUsuario%5CDesktop%5CPhD%5CPapers%5CModelling%5CHicyilmaz 

K.M.O. et al. - Seismic Performance of Dhajji Dewari.pdf. 

History, B. et al., H E AT I N G A N D C O O L I N G O F. , pp.1–86. 

Hnxg, N., 2017. + NNMU GK MN 9 • K + NRX IXHN = N ODIJUN. , 80. 

Housing, H.P. & Development, U., BROCHURE FOR SALE OF LEFT OUT RESIDENTIAL. , 

(7), pp.1–8.+ 



Thermal Performance of Residential Buildings in Cold Climate | 97 
 

Jähnig, S.C. et al., Severity Multipliers as a Methodology to Explore Potential Effects of Climate 

Change on Stream Bioassessment Programs. , pp.1–17. 

Jayalath, A. et al., 2016. Effects of phase change material roof layers on thermal performance of a 

residential building in Melbourne and Sydney. Energy & Buildings, 121, pp.152–158. 

Available at: http://dx.doi.org/10.1016/j.enbuild.2016.04.007. 

Jin, X. et al., 2012. Thermal performance evaluation of the wall using heat flux time lag and 

decrement factor. Energy and Buildings, 47, pp.369–374. Available at:  

Kisan, M. et al., 1987. म ा  नक. 

Korniyenko, S., 2015. Evaluation of Thermal Performance of Residential Building Envelope. 

Procedia Engineering, 117(8 442), pp.191–196. Available at: 

http://dx.doi.org/10.1016/j.proeng.2015.08.140. 

Level, C. et al., DETAILED PROJECT REPORT “ HOUSING FOR ALL ” Urban Development 

Department Prepared by : 

Liaison, S. et al., 2004. Environmental. , 2004. 

Liu, H. & Kojima, S., 2017. Evaluation on the energy consumption and thermal performance in 

different residential building types during mid-season in hot- summer and cold-winter zone in 

China. Procedia Engineering, 180, pp.282–291. Available at: 

http://dx.doi.org/10.1016/j.proeng.2017.04.187. 

Liu, K. & Baskaran, B., 2003. evaluation THERMAL PERFORMANCE OF GREEN ROOFS. , 

pp.1–10. 

Love, A., 2011. No Title. , pp.1–103. 

Lucchi, E. et al., 2017. Thermal performance evaluation and comfort assessment of advanced 

aerogel as blown-in insulation for historic buildings. , 122, pp.258–268. 

Mastouri, H. et al., 2017. Thermal performance assessment of passive techniques integrated into a 

residential building in semi-arid climate. Energy & Buildings, 143, pp.1–16. Available at: 

http://dx.doi.org/10.1016/j.enbuild.2017.03.022. 

Mathew, S., 2013. Clever Councils : the Climate adaptation decision support Tool for Local 

governments ( CATLog ). 

Mcdb, H.R. et al., 2018. 2/28/2018 2013. 

Nahlik, M.J. et al., 2016. Building Thermal Performance, Extreme Heat, and Climate Change. 

American Society of Civil Engineers, (In press), pp.1–10. 

Offers, H. et al., 2011. H . P HOUSING & URBAN DEVELOPMENT AUTHORITY ( A Govt . 

Undertaking ) HIMUDA OFFERS OPPORTUNITIES TO ALL CITIZENS OF INDIA TO 



Thermal Performance of Residential Buildings in Cold Climate | 98 
 

OWN RESIDENTIAL FLATS / HOUSES / PLOTS IN VARIOUS HOUSING COLONIES 

UNDER PARTIALLY SELF FINANCING SCHEME IN HIMACHAL PRADESH ON. , 

pp.1–5. 

Park, J.S. et al., 2016. Estimating thermal performance and energy saving potential of residential 

buildings using utility bills. Energy & Buildings, 110, pp.23–30. Available at: 

http://dx.doi.org/10.1016/j.enbuild.2015.10.038. 

Pihelo, P., Kikkas, H. & Kalamees, T., 2016. Hygrothermal Performance of Highly Insulated 

Timber-frame External Wall. Energy Procedia, 96(October), pp.685–695. Available at: 

http://dx.doi.org/10.1016/j.egypro.2016.09.128. 

Raish, J., Thermal Comfort: Designing for People. 

Rajasekar, E. et al., 2015. Towards dynamic thermal performance benchmarks for naturally 

ventilated buildings in a hot-dry climate. Building and Environment, 88, pp.129–141. 

Available at: http://dx.doi.org/10.1016/j.buildenv.2014.08.011. 

Rijal, H.B. et al., 2007. Using results from field surveys to predict the effect of open windows on 

thermal comfort and energy use in buildings. , 39, pp.823–836. 

Samaan, M.M., Farag, O. & Khalil, M., 2016. Using simulation tools for optimizing cooling loads 

and daylighting levels in Egyptian campus buildings. HBRC Journal, 14(1), pp.79–92. 

Available at: http://linkinghub.elsevier.com/retrieve/pii/S168740481600002X. 

Strategy, S., Plan, A. & Climate, O.N., 2012. State strategy & action plan on climate change. 

Sun, F., 2013. Achieving suitable thermal performance in residential buildings in different climatic 

regions of China. Energy & Buildings, 67, pp.11–21. Available at: 

http://dx.doi.org/10.1016/j.enbuild.2013.07.037. 

Temperature, A. et al., 2018a. Dharmsala, india. , pp.2–3. 

Temperature, A. et al., 2018b. Kangra, india. , pp.2–3. 

Temperature, M.M., Precipitation, M. & Canada, E., 2014. Information Bulletin. , (2), pp.8–10. 

Thakkar, J., 2012. Report on Indigenous Building Practices of Himachal Pradesh Indigenous 

Architecture and Building Practices in Himachal Pradesh , India. , (February). 

Thakkar, J. & Morrison, S., 2008. Matra. Ways of Measuring Vernacular Built Forms of Himachal 

Pradesh. , (January). Available at: 

https://www.researchgate.net/publication/307538994_Matra_Ways_of_Measuring_Vernacula

r_Built_Forms_of_Himachal_Pradesh. 

Vargas, G.A. & Stevenson, F., 2014. Thermal memory and transition in lobby spaces. Energy 

Procedia, 62(0), pp.502–511. 

Verbeke, S. & Audenaert, A., 2017. Thermal inertia in buildings : A review of impacts across 



Thermal Performance of Residential Buildings in Cold Climate | 99 
 

climate and building use. Renewable and Sustainable Energy Reviews, (November 2016), 

pp.1–19. Available at: http://dx.doi.org/10.1016/j.rser.2017.08.083. 

Vivian, J. et al., 2017. An evaluation of the suitability of lumped-capacitance models in 

calculating energy needs and thermal behaviour of buildings. Energy & Buildings, 150, 

pp.447–465. Available at: http://dx.doi.org/10.1016/j.enbuild.2017.06.021. 

Wasilowski, H. a & Reinhart, C.F., 2009. Modelling na Existing Building in Designbuilder / 

EnergyPlus Custom Versus Default Inputs. Eleventh International IBPSA Conference, 

pp.1252–1259. 

Wg, I.S.O., 2006. Draft for comments by CEN and ISO WG Energy performance of buildings — 

Calculation of energy use for space heating and cooling. , 2006(50). 

Young, G., Tuohy, P. & Steemers, K., 2009. Thermal performance of a naturally ventilated 

building using a combined algorithm of probabilistic occupant behaviour and deterministic 

heat and mass balance models. , 41, pp.489–499. 

Yu, W. et al., 2017. A study of thermal comfort in residential buildings on the Tibetan. Building 

and Environment, 119, pp.71–86. Available at: 

http://dx.doi.org/10.1016/j.buildenv.2017.04.009. 

Zinzi, M. & Carnielo, E., 2017. Impact of urban temperatures on energy performance and thermal 

comfort in residential buildings . The case of Rome , Italy. Energy & Buildings, 157, pp.20–

29. Available at: https://doi.org/10.1016/j.enbuild.2017.05.021. 

 

  



Thermal Performance of Residential Buildings in Cold Climate | 100 
 

ANNEXURES 

Summarizing Indoor Comfort for Modern Representative building for a winter week 
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Summarizing Indoor Comfort for Traditional Representative building for a winter week 
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