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Design solutions for thermal insulation
of exterior walls of cast-in-place concrete
high-rise residential buildings in central
regions of Afghanistan

The article discuses the
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issue of high-quality performance of the technical and
thermomechanical characteristics of the external walls of monolithic multi-storey residential
buildings in the central regions of Afghanistan from the point of view the location of insulation
and various methods of installing insulation systems. Several methods were considered
(external wall with insulation located inside the structure, design of external walls with
insulation located outside the building, design of external walls with insulation located inside
the building). It is concluded that the structure of external walls with insulation outside the
building has advantages in the construction of monolithic multi-storey residential buildings
and is recommended in new buildings or reconstruction of residential buildings.
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ITPOEKTHBIE PEIIEHNA JUIA TETUTOU30IALJMA HAPY)XHBIX CTEH BBICOTHBIX 3TAHUU
B IIEHTPAJIPHBIX PETUOHAX AOTAHHUCTAHA

B cmamye paccmompen 60npoc KA4ecmeeHHO020 BbINOHEHUS, MEXHUHECKUX U MEPMOMEXAHUUECKUX
XAPAKMEPUCTIUK HAPYHCHBIX CTNEH MOHOTUMHBIX MHOZ0IMANCHYIX HCUNBIX 0OMO8 8 YEHMPATILHVIX peeu-
OHAX Aeanucmana ¢ mouxu 3peHus pacnosoHeHUs ymenaumenet U pasiutHsix cnocobo8 yCmaroeKy
cucmem ymenienus. Paccmompero Heckoneko memodos (8HewHsA CMeHa ¢ U30NAYue, pacnonoNeHHoU
BHYMPU KOHCIPYKYUY, NPOEKMUPOBAHUE HEUHUX CIEH C UBONAYUEL, PACTIOTIONCEHHOU CHAPYHCU 30aHUA,
NPOEKMUPOBAHIUE BHEUHUX CINEH C U30NAYUELL, PACNON0NHEHHOU 8Hympu 30anus). Coenar 661800, umo
KOHCIMPYKYUS. HAPYHCHBIX CIEH C YMENTUMENeM, HAX00AWAsCs 8He 30aHUS, UMeem NPeUMyuecmaa npu
CMPOUMmENbCMBe MOHONUMHBIX MHOZ0IMANCHBIX HCUNBIX 0OMO8 U PEKOMEHAYEMCA 8 HOBOCIPOUKAX UMY

1PYU PEKOHCIMPYKUUU HCUNBIX DOMOB.

Knroueswie cnosa: KOHCMPYKMUBHbIE PEULEHUA, MENTIOMEXHUKA, anepzoaduj)exmueﬂocmb, MOHOJlumelIZ,
JHuivle 80Ma, nerocmexJio, A(])zaﬂucmaﬂ, HAPYIHCHbIE CIMEHDBL.

Introduction

Residential construction in the central regions
of Afghanistan features with congestion and high
energy costs for building maintenance, thus,
improving the energy efficiency of multi-story
residential buildings is relevant for construction.

A significant part of the total heat loss
premises make up heat loss through the building
envelope (enclosing structures). According to
experts, the surface area of external walls with
thermal insulation is approximately 65% of the
total area building envelopes of a multi-story
residential building, because of this, insulation
of external walls is one of the main measures for
thermal insulation of a building, since depending
on the design of the walls through them, up to

45% of heat is lost during operation of the
building [1]. Thermal protection of the exterior
walls of buildings is a key issue in ensuring the
thermal characteristics of the enclosing structures
of multi-story residential buildings. Thermal
protection of building envelopes is carried out
by various methods, using various materials and
technologies.

Waste heat from various parts of the building
can see in Illustration 1.

As you can see from the above figure that heat
loss from external walls, In one-story residential
building, about 30% with the increase in floors, the
building also increases Up to 45% heat loss from
external walls. So to prevent heat loss in buildings
Exterior walls must be heat insulated, Therefore,
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lllustration 1. Approximate information about heat loss from the
various structures of the building a residential constituency. Course
lecture Architecture and building physics. Aauthor: M. Sliman
Osmankhil. Source: http://afg-eng.blogfa.com/post/26

for this purpose, it is necessary to insulate the external walls
properly, so I started researching on the topic.

The suitable method of thermal insulation of
external walls monolithic multi-storey building in
Afghanistan

It is noteworthy that already had been work on
this issue. We followed the work that was done before
us like O.L. Bancerova, Li Juysin, O.G. Chesnokova,
B.D. Chesnokova, T.F. Cherednichenko, Mohammad Omar
Temori — How to use energy in residential buildings.

Research Methods:

The amount of heat that goes through the hard wall
Which is surrounded by two parallel surfaces is obtained by
the following formula

Q=K(tg—ty)-F-Z

Q — The amount of heat in Kcal

t, — Air temperature inside is surrounded by 0 °C

t, — Air temperature on the outside is around 0 °C

Z — Heat transfer time to hr

F — The area of the leading surface is surrounded by m?

KCal
M? . hr.°C
Heat transfer coefficient is the amount of heat (Kcal) that
per hour passes through one square meter of 1 m? area if the

difference in air temperature from both sides of the area is
equal to one degree Celsius.

0] _ KCal
(tg—ty) F-Z M* -hr-°C
The inverse quantity of the heat transfer coefficient «K»

is called the heat transfer resistance and is denoted by the
letter «RO>.

1 ‘M2~hr~°C

K — Heat transfer coefficient surrounded by

R=—.
K KCal

In the case of heat transfer through the enclosure from the
inner surface to the outer surface, heat degradation occurs
not only in the enclosed building material but also near the
surfaces.

The explanation for this is that the process of heat transfer
consists of the following three sequential steps:

1 — Obtaining heat

2 — Heat penetration

3 — Heat dissipation

Using the listed formulas and graphical methods of a
building physicist we found Illustration 2.

In accordance with the location of the insulation, structural
solutions for thermal protection of external walls are classified
according to three main types:

1 — Design of external walls with insulation located inside
the building.

2 — External wall with insulation located inside the
structure.

3 — Designof external walls with insulation located outside
the building (Illustration 1) [2].

Currently, in the central regions of Afghanistan, the
above types of thermal protection of the external walls are
used. Next, we consider their heat engineering and technical
features.

The design of the exterior walls with insulation
located inside
the building

Currently, this type of thermal protection of the outer
walls is most often used in the central regions of Afghanistan.
With this location of the insulation various materials are used:
calcareous solutions, polymer solutions, etc. This technology
is widespread in Afghanistan, but it has the following
disadvantages: Due to the temperature difference and dew
point displacement, cracks in the plaster are formed [3]. In
addition, this location of the insulation negatively affects the
architectural and artistic organization of the interior of the
room. Insulation placed indoors must meet the following
requirements [4]:

a) be made of non-combustible or hardly combustible
materials;

b) have good characteristics of ensuring the health of
residents;

c) to have low density, strength and hardness for fixing
embedded parts in the bearing layer of the outer walls.

According to the method of installation of insulation from
the inside of the room two methods are distinguished: gluing
and anchoring (Illustration 2) [4].

When bonding insulation, the following heat-insulating
materials are used: autoclaved aerated concrete blocks,
foam glass, extruded polystyrene foam (XPS), expanded
polystyrene foam (EPS), etc.

Expanded polystyrene is an effective heat-insulating
material in the installation of insulation indoors and is widely
used throughout the world, but in central Afghanistan, XPS
has not yet found use.

According to this method, based on the experience of large
cities in Afghanistan (Kabul, Mazar, Hirat), are offered the
following designs with different insulation (Table 1, 2).

Installation of insulation with the help of anchors is carried
out on a profile frame with an additional protective plate.
Mineral and vegetable fibrous heat-insulating materials are
used as insulation, which are characterized by a low coefficient
of thermal conductivity A (not more than 0.05 W/m - K) and
a flame-retardant property [5].

Previously, gypsum board was used as a protective layer of
the plate, now the following materials are widely used: cement
fiber (fiber cement) panel (FC), panel calcium asbestos-free
silicates (NALC), asbestos-free fiber cement board (NAFC)
and non-tensile fiber cement board (LCFC) (Table 3).

Requirements for the anchoring of insulation: when using
profiles of wood or gypsum materials, installation of profiles
(width 50 mm) in increments of 600 mm on one or both sides.
Wood profiles must be treated against corrosion; when using
gypsum plasterboard, its thickness should be at least 100
mm, and for NALC and NAFC boards — at least 60 mm;
when performing high-quality putty on protective boards
for drywall, masking tape (width not less than 100 mm) at
the joints of the boards should be applied. On the FC, NALC,
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lllustration 3. Methods of installation of insulation: gluing (a) and anchoring (b). Source:
developed by the author

lllustration 4. Fixed formwork EVG-3D.
Source: developed by the author

NAFC, and LCFC boards, masking nets
(60 mm wide) should also be attached to
the gaps between the boards [7].

External wall with insulation
located inside the structure

There are two options for ensuring
the required thermal characteristics
of the external walls: wall without
insulation made of autoclave concrete
and the EVG-3D panel with insulation.

If the creation of such a multilayer wall
is successfully implemented in new
construction, then for existing buildings
it’s difficult because it causes an increase
in the thickness of the structure,
which often requires reinforcing the
foundation. In the first embodiment,
such walls are made of cellular concrete
blocks or panels in a special solution.
Due to the fact that the walls themselves
have high coefficients of resistance to
heat transfer and thermal inertia, the
installation of insulation on the outside
or inside the walls is optional.
Autoclaved  concrete  blocks
have a small coefficient of thermal
conductivity and a large coefficient of
heat absorption. Thus, the effectiveness
of thermal protection of the outer
walls of autoclaved aerated concrete is
confidently ensured when the standard
thickness is achieved. YTONG insulation
product for exterior walls is the most
common in Afghanistan at present

(Table 4).
This method meets the minimum
requirements for heat transfer

resistance of building envelopes in the
conditions of the city of Kabul and
was used in the last century, but it
does not take into account the energy
saving of a residential building and is
not recommended in construction. In
the second embodiment, the EVG-3D
fixed formwork is carried out. The
technology of construction using the
three-layer panel «3D» is the use of
wall panels (3D panel), representing a
spatial truss,consisting of reinforcing
mesh and galvanized or stainless steel
rods, welded at an angle to the nets,
a core of polystyrene foam and two
concrete layers deposited by shot Crete
(Illustration 3).

The heat engineering property of
EVG-3D is given in Table 5.

The design of the exterior walls
with insulation located outside
the building

With this method of thermal
protection at present in large cities
of Afghanistan (Kabul, Parvan) the
following heat-insulating materials
for external heat insulation are
distributed: extruded polystyrene
foam (XPS), expanded polystyrene
foam (EPS), mineral wool, foam glass,
warming solutions, etc. According to
the technology of building an external
insulation, the method of gluing,
installation and monolithic concreting
is distinguished. Thermal insulation
materials for outdoor installation should
be characterized by high heat transfer
resistance R, weak thermal conductivity
A (less than 0.06 W/m - K) and good
hygroscopicity.
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Source: O. L. Bantserova, Li Juysin

Table 1. Minimum thickness dimensions of thermal insulation materials

Minimum thickness of heat-insulating material,
Ne Wall layer material Thi‘::r:ess mm
EPS XPS Foam glass
1 | Silicate hollow brick 240 30 20 20
2 | Concrete block with one row of voids 190 30 20 30
Concrete block with two rows of voids 190 30 20 50
Concrete block with three rows of voids 190 30 20 40
3 | Concrete hollow block (8 voids) 240 30 20 25
190 30 20 45
Concrete hollow block (6 voids) 190 30 20 45
4 | Reinforced concrete 200 30 20 40
250 30 20 30
Table 2. Minimum thickness dimensions of autoclaved aerated concrete blocks
Source: O.L. Bantserova, Li Juysin
Ne Degree of density B0O4 BO5
B The ratio of the area of the blocks to the outer walls =0,70 ‘ 20,50 ‘ 20,30 20,70 ‘ 20,50 ‘ 20,30
Wall layer material Thickness Block thickness, mm
mm
1 Silicate hollow brick 240 50 60 75 60 75 75
2 Concrete block with one row of voids 190 75 75 75 100 100 100
Concrete block with two rows of voids 190 60 75 75 75 100 100
Concrete block with three rows of voids 190 60 75 75 75 75 100
3 Concrete hollow block (8 voids) 240 50 60 75 60 75 75
190 60 75 75 75 75 100
Concrete hollow block (6 voids) 190 75 75 75 75 100 100
4 Reinforced concrete 200 100 100
250 75 100
Table 3. Characteristics of protective plates [7]
Source: O. L. Bantserova, Li Juysin
Name
of materials Plate FC Panel NALC | Plate NAFC Plate LCFC Plasterboard plate
Density p, kg/m?® 1600...1700 900...1100 1500...1900 1100...1300 800
Tensile strength, MPa 17..20 8..12 10..13 10..16 > 50 kg longitudinally;
> 25 kg transverse
Impact strength, kd/m? 2,0..2,5 2,0..2,5 227 22,0 10 kg from a height of 1 m
Shrink % — =0,20 — — —
Extension % — — — =0,20 —
Water absorption, % 20...24 — 20...24 — —
Fire Resistance Category Grade A in accordance with GB8624 0,15...0,25h
Thickness mm 4..25 6...12 4..25 5...25 9;12
Table 4. Characteristics of the materials of the YTONG system
in accordance with DBJ/CT018-2008 [8]
The degree of density of blocks and slabs
of autoclaved aerated concrete BOS B06
Density in the dry state p, kg/m? <550 <650
Estimated coefficient of thermal conductivity A, 018 0.20
W/(m - K) ; ,
Estimated heat absorption coefficient S, 273 3.28
W/(m? - K) ’ ’
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Table 5. Characteristics of the EVG-3D system in accordance with DBJ/CD01-2004 [9]

Wall thickness mm p Ko Facade glazing
Construction |  Expanded Concrete layer Plaster on W/m’2 » W/mzy- K D coefficient
polystyrene Outside Inside both sides f
100 50 40 by 15 0,627 1,40 2,16 =0,31
Exterior wall
100 50 40 — 0,641 1,47 1,79 =0,27

Table 6. The minimum thickness of insulation with various wall designs
Source: O. L. Bantserova, Li Juysin

Minimum thickness of heat-insulating material, mm

Ne Wall layer material Thickness Mineral Foam
mm EPS *CIR XPS cotton
glass
wool
1 Silicate hollow brick 240 30 20 25 30 25
2 Concrete block with one row of voids 190 30 25 25 30 25
Concrete block with two rows of voids 190 30 40 25 35 35
Concrete block with three rows of voids 190 30 35 25 35 35
3 240 30 20 25 30 25
Concrete hollow block (8 voids)
190 30 35 25 35 35
Concrete hollow block (6 voids) 190 30 30 25 35 25
4 200 30 30 25 30 30
Reinforced concrete
250 30 25 25 30 25

Note. *CIR — cement-lime mortar with polystyrene granules

Table 7

Type of thermal protection

Advantages

Disadvantages

The design of the exterior walls
with insulation located inside the
building

1. Simplicity of construction technology.

2. Underestimated requirements for the
strength of insulating materials.
3. Low cost

1. The emergence of the bridge of cold.

2. Reducing the volume of premises.

3. The lack of external protection of the building
envelope.

4. The appearance of cracks on the surface

of insulating materials indoors

External wall with insulation
located inside the structure

1. Good protection of thermal insulation
materials.

2. Application of industrial construction
methods

1. The emergence of the bridge of cold.

2. Large wall thickness.

3. Decrease in structural strength under seismic
effects

The design of the external walls
with insulation located outside
the building

1. A wide range of applications.

2. Protection of the main structure of the wall
and increase the degree of durability of the

building.
3. Elimination of the cold bridge.

4. Ensuring temperature stability in the room.

5. Convenience during reconstruction.
6. Reducing the cost of heat-insulating

1. High requirement for the choice of thermal
insulation materials.

2. High requirement for the compatibility

of omponents.

3. High demands on durability and weather
resistance.

4. The complexity of the work

materials.

layer from finishing work

7. In order to avoid damage to the insulation

Thus, you can select the following materials: extruded
polystyrene foam (XPS), expanded polystyrene foam (EPS),
mineral wool, glass wool, etc. (Table 6). In an external
insulation system, expanded polystyrene foam (EPS) is more
often used [10].

The insulation layer is fastened to the carrier layer with
glue or hardware. To create a reliable adhesion of the bonding
layers, a primer must be applied to the surface of the main wall.
Also, to increase the stickiness and stability of gluing during
the hardening period after installing heat-insulating materials,
additional reinforcement with plastic dowels and nails can be
carried out. In monolithic structures, the insulation is installed

inside the wall formwork, and concreting is performed
simultaneously with the installation of insulation. The creation
of cladding on the surface of the insulation layers is carried out
in different situations by various materials: polymer-cement
mortar, cement mortar, facade tiles. Polymer-cement mortars
with a thickness of 4... 7 mm are applied to the surface of
the insulation with a reinforcing layer (paint mesh, metal
mesh) [11]. Strengthening layer helps to increase the strength
and stability of the plaster to avoid stress concentration and
cracking on the surface. Cement mortars are applied with
plaster on the surface of the insulation (mineral wool) 25... 30
mm with a reinforcing layer (metal woven mesh 50 x 50 x 1.8
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mm). Cement plaster is applied in three layers. The lower and
middle layers are made with a thickness of 10 mm, for the
upper layer it is better to use a polymer-cement mortar with a
thickness of 5... 10 mm [11]. The reliability of the cladding by
gluing due to the influence of weather conditions is reduced.
Therefore, facing with ceramic tiles is not recommended.
Based on the experience of other large cities, Afghanistan
and Russia offer the following structures for the construction
of external walls.

A comparison of the advantages and disadvantages of these
types of thermal protection is given in Table 7.

Conclusion

As a result of comparing the options, we see that the design
of the outer walls with insulation, located outside the building,
has advantages in the construction of monolithic multi-storey
residential buildings and is recommended in new residential
buildings or reconstruction of residential buildings.

References

1 Zhang Wenxiao. Measure to increase the energy efficiency
of building // Information of China Construction. —
2007. — N2 11. — P. 135-138.

2 Liu Peng. Manual of Energy Efficiency in Buildings of
China // Beijing, Building Technology Publ., 2007. —
258 p.

3 Zhang Hongmei, Tang Yuan. Analysis of the advantages
and disadvantages of different types of thermal insulation
of external walls // Academic research in China. —
2012. — N26. — P. 18-20.

4 Guo Dawei. Research insulation on the outside walls of
the building heat engineering // Science and Technology
Innovation Herald. — 2012. — N2 16. — P. 130-133.

5 Chu Juntian, Shen Lianxi. Research flammability of
insulation materials in thermal performance of external
walls // Construction safety. — 2012. — N21. — P. 89-91.

6 Rules to installation and acceptance of gas concrete
YTONG. «DBJ /CT003-2004> (China).

7 Energy saving building envelopes in residential buildings
«DG/TJ08-206-2002> (China).

8 The specification of insulation technical with the YTONG
systems «DB]J /CT018-2008» (China).

9 The specification of application technical with the EVG-3D
board «DBJ/CD01-2004» (China).

10 The use of EPS in construction of exterior walls with
external insulation // Waterproofing and insulation in
China. — URL: http://www.31fsbw.com /detail-5679170.
html (mara obpamenus: 06.08.2012).

11 Yang Yiming. Research thermal performance of building
technologies exterior walls with external insulation //
Building Technology. — 2001. — N28. — P. 121-130.

CraTbd nocTynuaa B pefakiuio B Mae 2020 r.
Ony6mrkoBaHa B Aekadpe 2020 .

Anem Bappak Moxamman,

acnupaHT, Ypanbckuil enepanbublil yHuBepcuret (Yp®dy),
Exarepun6ypr, Poccuiickas ®ezeparus, npenoaasares,
Kabynbckuit monurexundeckuii yausepcuret, Kabys, Ad-
TaHUCTaH

e-mail: Alem.wardak.kpu@gmail.com

AKADEMICHESKIJ VESTNIK URALNIIPROEKT RAASN 4 | 2020

97



