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1. Application Field

The Construline light-gauge hot-dip galvanized steel profiles, produced and sold by Lindab, can be used in the following
application field:

Main application field of the Construline slotted exterior wall profiles:

— Load-bearing wall structure of complete lightweight frame construction of one- or two-levelled dwelling houses, detached
family buildings.

— Non load-bearing exterior wall construction of multi-storey high buildings with own main load-bearing skeleton made of
reinforced concrete or hot-rolled steel; such as infill walls, curtain walls of hotels, hostels, office buildings etc.

In all the application fields, the most important advantage of the lightweight wall construction, having the frame made of slotted
profiles, is utilized, this is the very good thermal characteristic. The reason of the punched oval holes (“slots”), placed in several
lines longitudinally shifted to each other, is to the make the path of the heat conduction through the steel stud significantly
longer, thus providing very good thermal performance, that means very low value of resultant heat transfer coefficient. This way
the final solution of the wall construction is very economic and of high technical level. The frame construction made of light-
gauge slotted profile will then be completed with infill insulation (glass wool, rock wool), and board materials (Qypsum, wood,
OSB, steel trapezoid sheet etc.) on both sides. Alternatively, before placing the board material on the internal side, a horizontal
secondary profile system (Z- or hat-section) can be fixed to the inner flange of the slotted studs (maximum spacing of 600mm),
ensuring adequate space for installations. It is very important to build the vapour barrier foil on the internal (“warm”) side of the
wall insulation, making the whole wall surface continuously airtight and all the connections fully sealed.

Lightweight exterior wall construction built from Lindab slotted studs and runners

Informations are subject to change without notification.
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Main application field of the Construline partition wall profiles:

Inner steel frame structure of non-load-bearing lightweight partition walls, in any kind of building with load-bearing main structure
made of any material and system, with any kind of function (family houses, block-of-flats, office buildings, hotels, educational
buildings, industrial applications, hall buildings etc.). The most favourable advantage of this partition wall systems is the very
good acoustic performance and the very quick and easy erection of dry technology.

600 (450) mm

2x13 GYPSUM BOARD
LINDAB RdB95/SKT55+95 INSULATION
2x13 GYPSUM BOARD

FIRE RESISTANCE R Rw +C50-3150
El160 50dg 45dB

Lightweight partition wall construction made of Lindab profiles

Advantages of Lindab lightweight constructions in general:

— Light weight — simple and easy to erect

— Exact shape and geometry for whole duration

— Durable, resistant raw material of zinc coated steel

— Dry mounting technology, quick erection

— Slotted exterior wall profiles: excellent thermal performance

— Partition wall profiles: outstanding sound isolation parameters

— Great load-bearing capacity coming from the high strength steel

— For the Lindab light-gauge skeleton various types of external fagade cladding can be applied

2. Raw Material (Steel Core, Zinc Layer)
The raw material of every Lindab profile is hot-dip galvanized steel sheet:

— External slotted profiles: S350GD+2Z275 (EN 10326)
— Partition wall profiles, accessories: DX51D+Z120 (EN 10327)

According to the standard marking, quantity of the zinc layer on the steel core is 275g/m? (equal to thickness of cca. 20 micron
on both sides) in case of exterior profiles; while 120g/m2 (cca. 8.5 micron on both sides) in case of partition wall profiles.

Informations are subject to change without notification.
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3. Product List with Geometry

3.1 Exterior Wall Profiles and Accessories

. Profile Thickness Flange Length -
Mark Figure Height (mm) (mm) sizes (mm) | (mm) Short description
MAIN STRUCTURAL MEMBERS
7
,%g/, 1000- | C-profile stud
HRY-C 77 100/120/150/200 |1.0/1.2/1.5 41/47
_ ///////%/ 13000 | with slotted web
iy
C ' % 100/120/150/200 | 1.0/1.2/1.5 41/47 1000 CF—proﬂIe with unslott.ed (solid) web
L 13000 |(in case of wall openings)
g 1000- | U-profile runner
HSKY-U -”///.,%% 100/120/150/200 | 1.0/1.2/1.5 56/56
/////é/// 13000 | with slotted web
ADDITIONAL STRUCTURAL ELEMENTS AND ACCESSORIES
% End stiffener
AA 4 100/120/150/200 0.70 15 X .
for compression stud
1000- |L-profile lintel beam
YVX 215/240/2 1.0/1.2/1. 15/20/2
5/240/290 0/1.2/1.5 5/20/25 4000 | (works together with the board!)
L-profil ti I t
LPY 100/120/150/200 |  0.70 50/50 X protiie connection elements
| (e.g. for openings)
/‘7’
L50 / 50/100 0.70 12 1000- |L-profiled edge element
L100 ’ 4000 |for board
1000- | Z-profiled dary b (f
. - -profiled secondary beam (for
RZ 7 45/50/70/75 0.70 80/30 4000 installation and/or extra insulation)
»y 1000- C-profiled element around
RCY " 45/50/70/75 0.50 30/50 4000 opening (for installation and/or
extra insulation)
/’ff ' Fixing channel for brick fagade
MSK y 27 0.8/1.0 2500 | cladding
—J (t=0.8 is stainless)
Brick tie for brick fagade cladding
MK 90/120/150 3.0 X (capacity: 0.5kN/pcs; min. 40mm
length in brick wall)
B08 HI[EIBI!E 4,8x16 X Structural self-drilling screws
PD10 I 100/120/145/195 7om | 1Omm polyethene strip under
runners

Informations are subject to change without notification.
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3.2 Partition Wall Profiles and Accessories

- Profile Thickness Flange Length I
Mark Figure Height (mm) (mm) sizes (mm) (mm) Short description
MAIN STRUCTURAL MEMBERS
>y Wall stud
RE . ' 45 0.56 34/37 1000- | Walstuds
7500 | without acoustic pattern
RdB | 70/95/120 0.56 a7 | 100 | Acoustic wall stud
r
1000- |Acoustic wall stud
RdBF | 4 .
d 70/95/120 0.56 48/48 6000 |with wider flanges
SK / 45/70/95 0.56 30 1000- | Runner profile
4 ’ 4200 | with 30mm flange size

1000- | Runner profile
K .
SK55 ,/ 45/70/95/120 0.56 55 4200 | with 55mm flange size

ADDITIONAL STRUCTURAL MEMBERS

KR;FR | 45/70/95/120 | 1.00/1.50 |  41/45 ;%%% Door stud and lintel beam

. 1000- | Runner profile
KSK : :
s // 45/70/95/120 1.00 50750 4000 | for KR studs
y 1000- | Runner profile
FSK60 - 45/70/95/12 1.
//’ 5/70/95/120 50 60760 1 4000 | for FR studs

ACCESSORIES

HR ! 60 0.56 60 11%%% Corner studs for board connection
4mme-es polyethene strip under
PD4 45/70/95 50m |runners
(below 40dB)
50m EPDM rubber strip
GT 45/70/95/120 25m under runners
(from 40dB above)
il L-connection piece for
FRK - 45/7 12 1. X
T\ 5/70/95/120 50 35 KR- and FR-studs to runner
DK %ﬂ 45/70/95/120 0.70 45 X Accessory for electric installation

Informations are subject to change without notification.
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- Profile Thickness Flange Length i
Mark Figure Height (mm) (mm) sizes (mm) (mm) Short description
LP; , . 1000- | Corner pieces for boards
KLP 50/55 0.6; 1.00 50/50 4000 | (LP: t=0.6: KLP: t=1.0)
4 2450
HS 29 0.50 29/29 3000_ Perforated corner piece for boards
VBA q 100/200 056 X 50-25m Coll perfgrated in the middle for
corners, in rolls
oy 1000 T Connection piece between
TSKA 10 0.56 60 300 0_ boards
(PE coated white)
7 Edge trim for board
Js 2450- | . -
12.5 0.50 13,5/32 (“J” nature galvanized;
JL , 3000 ]
“JL” PE coated white)
. 15-25-
BA 100-170-300 0.56-0.70 X 50m Solid coil in rolls
! 1000-
BAD 100 0.56 X 4000 Steel sheet plates

It should be mentioned that the tolerance of all the profile geometry satisfies the regulations of the EN 10143 standard.

4. Delivery and Storage Regulations

In case of exterior slotted profiles, the regulations and rules for delivery and storage are the same as those are for the tra-
ditional Z/C/U-profiles generally used as secondary load-bearing elements (roof purlins, wall girts) of industrial buildings, hall
constructions, since the raw material is just the same (S350+2275).
Before delivery, the profiles with different lengths should be packed together, fixed with wooden stocks and/or metal straps.
Attention must be paid for the fixing points where the profiles should be protected by wooden wedges or steel angle profiles,
to avoid local deformations due to the concentrated forces in case of lifting. For lifting the packages, appropriate lifting ropes,
straps or —in case of longer (8-10m<) packages — strong lifting beams are proposed to use. The transportation of the packaged
products can be solved by fork-lifting trucks in case of shorter pieces, and mobile cranes in case of longer products.

a)

Corner protective
element

Wooden
stock

/\

H

{wedge, angle)

b) Lifting beam  Wooden
/ stock
cC rl /

Packs in case of shorter (<8m) and longer (8-10m<) production lengths

Informations are subject to change without notification.
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The hot-dip galvanized steel profiles must be stored in dry, open (ventilated) air on site, in cool places, if possible. Close placing
to, or direct contact of, aggressive, corrosive and wet materials, building materials (wet unconsolidated concrete, mortar, lime,
soil) and chemicals (acids, salty liquids) should be strongly avoided. Harmful influence can be derived from radiating heat and
other metals that can cause contact corrosion with the zinc (e.g. copper, lead). It is strongly recommended that neither water,
nor dust can be accumulated on the surface of the profiles during the storage. This latter protection can be realized by means
of inclined position of the packages with longitudinal slope of cca. 2-3%, ensuring the water to let flow away. In case of hot-
dip galvanized materials, the so-called “white rust” can be formed on the surface during quite short time of wet air or vapour
condensation. It does not mean damage, it can be removed by cleaning the surface with dry tool before building in. Outside
storage must be limited in time (3-6 months as maximum), the profiles should be build in within 6 months after delivery, at the
latest.

Storage of packages from the profiles ensuring slight slope

The profiles should be protected against direct contact of water and wet materials during the erection, as well. Some water, rain
can be accumulated in lower runners, quite typically, that must be taken away, by means of drilling some holes, for example.
Before placing any further materials (insulation, foils, gypsum boards etc.), it is always should be carefully checked that the
light-gauge frame is clean and dry!

In case of delivery of the partition profiles the same attention must be paid for creating the packages, as it was mentioned at
exterior profiles. However, because of the lower thickness (t=0.56; 0.60; 0.70) and the consequently lighter weight, the tran-
sportation and the unloading of packages, stocks can be solved simply by hand in the most of the cases, alternatively by means
of smaller fork-lifting trucks. On the other hand, the thinner profiles require even more careful handling in case of packaging,
transportation and erection, to avoid any damage caused by strong and concentrated mechanical affects.

The partition wall profiles are finally always applied for internal use, and are covered by boarding materials, this why a lower
quantity of zinc layer (120g/m?) on the steel core is enough for providing appropriate durability. From other aspect, because of
the less thickness of zinc coating, the outside storage of partition wall profiles can be allowed for shorter time than for exterior
profiles (not more than 2-8 months), and it is proposed to transport the packages into dry, closed place and to store them
unpacked to let the air be ventilated along the surfaces of profiles.

Other regulations are the same as in case of exterior profiles: to avoid wet and corrosive building materials, liquids in storage
and in erection, as well; or to place the packages inclined before unpacking to let the possible water or vapour go away; or the
cleaning of “white rust”. It is also proposed to build the partition wall profiles in their final construction within 6 months.

Informations are subject to change without notification.
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B
GENERAL DESIGN ASPECTS
OF LIGHT-WEIGHT CONSTRUCTIONS

(by Dr. TOTH, Elek, Budapest University of Technology and Economics)

Light-gauge steel U- and C-profiles with slotted webs, produced by Lindab Kft. in Hungary, creates the opportunity of using
exterior and interior light-weight structural walls in a wide range. In the interest to design these kinds of constructions and to
avoid designing and building failures, it is suitable to survey the foreign literature of the subject, and to draw the lessons from
them.

1. Protection Against Heat and Moisture

1.1 Thermal insulation in winter

In the external walls of light-weight steel-framed constructions, the primary insulating layer is situated between the load-be-
aring studs. The space between the load-bearing studs has to be filled in with insulating material to avoid thermal bridges and
thermal flows. The insulating material between the studs are often completed with additional exterior or interior insulating layer
for avoiding thermal bridges (Figure 1).

Figure 1:Structural principles of light-weight exterior walls constructions

Requirements for low energy houses are almost always achieved in the cases of lightweight steel-framed constructions. It takes
just an additional thermal insulation for them to meet the requirements of passive houses.

Lightweight steel-framed constructions present, thanks to thinner walls, a surface gain of nearly 5-10% in relation to a classic,
monolithic system.

1.1.1  Avoiding thermal bridges
To guarantee the insulation ability of the lightweight steel-framed buildings mentioned above, it is indispensable to think over
in details the thermal protection of the junctions.

To eliminate the risk of heat losses and cold surfaces promoting condensation during heating periods, thermal bridges must be
absolutely avoided. Thermal bridges form in corners and at joints (geometric thermal bridges), next to the fasteners and high
heat loss members (thermal bridges due to the material, by conduction) as well as the location of sealing faults (convention
thermal bridges) in the external cladding.

Thermal bridge effects depend directly on the heat loss factors of adjacent zones. The smaller the conductivity of a full panel,
the greater the loss via a thermal bridge and the more its negative influence will be felt.

Because of the steel material is a high conductor of heat, one must be extremely careful to insulate the sections in the external
members (roof beams or steel fasteners), because they are all potential thermal bridges.

Steel members that are fully crossing the entire wall thickness must absolutely be avoided.

Next to sections, the temperature of the interior cladding can fall below dew point. Mechanical fasteners such as screws or
connection elements, also cause lower surface temperatures.

Informations are subject to change without notification.
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The following Figure 2 shows examples how to prevent geometrical and construction thermal bridges.

L)

B e AT

o

RZTW i L7 T DAL

Greater heat transfer Better structure
due to additional metal stud due to separate matal stud
construction

Figure 2: Superposition of a material heat bridge with a geometrical thermal bridge

Heat resistance and the average coefficient of thermal transmission of the building’s components and walls can be calculated in
accordance with standard EN ISO 6946. This standard is valid for homogenous walls, and gives a trial load method applicable
to heterogeneous layers, with the exception of cases, where insulation layer is penetrated by steel member.

Thermal bridges can be calculated by a 3D finite element method defined in standard EN ISO 10211. In the practice, this cal-
culation is only possible if the ratio of conductivity coefficients between the steel sections and the insulating material used to
fill the internal cavity is not greater than 1/5. This is easy to obtain by lining the walls and installing an external insulation.

[ U e = 0,24 Wim'K ]

[ U s = 0,44 WiM'K

U i = 0,43 Wim'K

Plaster building bnan;l 20 mm ==
Minaral wool 40kg/m® / Steel section 150 mm =
Particle board 19 mm U D_tf Wim?K
Plaster 15 mm S
Plaster building board 20 mm
> o= Mineral wool 40kg/m” / Steel section 150 mm
1 s S WK I Particle board 18 mm
U o 2 D18 WIS EPS 40kg/m’ 150 mm
Plaster 15 mm

U =038 WmK
U o= 0,13 Win'K [

Plaster building boan,i ﬁ mm

Mineral wool 40kg/m’ / Steel section mm g 2 j

Particle board 19 mm U .. =018 Wim'K

Plaster 15 mm
Plaster building bo: 20 mm
Mineral wool 4Uk9fm { Steel section 200 mm
Particle board 19 mm
EPS 40kg/m® 100 mm
Plaster 15 mm

I U e = 0,24 WIM'K |

Plaster building board 20 mm Ui 20,11 _WI’I'I_I?K' -
Mineral wool 40kg/m’ / Steel section 150 mm -
Particle boal'd 19 mm
EPS 40kg/m’ 60 mm U o = 0,14 Wim'K
Plaster 15 mm
Plaster building board 20 mm
RN b gl Mineral wool 40kg/m’ / Steel section 200 mm
cdfburseulrdir o ke Particle board 9 mm
) EPS 40kg/m’® 150 mm
) Plaster 15 mm
| U o = 0,19 Wim'K

Plaster building board 20 mm
Mineral wool 40kg/m® / Steel section 150 mm
Particle board 19 mm
EPS 40kg/m® 100 mm
Plaster 15 mm

Figure 3: Effect of thermal bridges in the steel wall constructions (samples from Swedish literature)
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Figure 3 shows the effect of thermal bridges in case of different types of constructional solutions and different thicknesses of
insulation. By using thermal bridge breakage fasteners with an additional insulation layer, the effect of thermal bridges come
from steel studs are quite well limited. With an additional external insulation which is more than 60mm thick and conductivity
of 0.04 W/m?2K, structural thermal bridges are sufficiently reduced to exclude interior dew points.

Several insulation layers as well as thermal bridge breakage sections can be installed to obtain an extremely high insulation level.
The web plates of these sections, exposed to less mechanical stress, are broken with longitudinal holes to reduce conductivity.
These slotted profiles favourably reduce the direct conduction. According to the layout of these slots and the width of web
plates, the path taken by the heat can be multiplied by three (Figure 4). This significantly reduced propagation of the heat.

Figure 4: The way of heat flow through the slotted web

1.1.2 Air and wind tightness
The air and wind tightness of buildings or of their skin is a critical construction property with far-reaching consequences: room
athmosphere, absence of construction fault, inside air quality and energy balance.

As “air tightness”, we mean protection against all convection flows due to a pressure difference, the penetration of air in a
construction member (from inside to outside or vice-versa, as applicable). We can say as general rule, waterproof membranes
are installed on the inner side of external coatings.

We can speak of “wind tightness”, when outside air is prevented from penetrating into the thermal insulation layer or into the
internal cavity and, therefore, has no negative effect on the thermal performances of a contruction member.

The outer side of the external cladding insulation is lined with wind-tight insulation membranes (like the bulit-in roofs vapour-
conductive cover supports). Of course, value of s must be smaller than that of s (see Figure 5).

d,outer d,inner

wind-tightness | air-tightness

CTT—

Figure 5: The difference between air-tightness and wind-tightness

Informations are subject to change without notification.
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The lack of tightness against the penetration of outside air inside the building’s skin can result in unpleasant draughts. The
cold air gathers at floor level, cools the feet and results in huge temperature differences between the top and the bottom of
aroom.

The provide excellent inside air-conditions, it is indispensable using an air-tight layer. It also helps to prevent the intrusion of
unpleasant scents from ajacent apartments and, possibly, dank air from the basement, fine dust particles and other disturbing
emissions from inside the building.

1.1.3 Energy savings

The insulating materials installed in plates or rolls in the internal cavity of double partitions, carpets, wall paper widths or fil-
lings are generally not air tight. These defective joints (thermal bridge by convection) in the surface connections result in the
uncontrolled exchange of air between the inside and outside. Because of the fault of the external air-tightness, the outside air
gets into the wall, from where it can get into the inside air because of the defective air-tightness of the inner plates or defective
connection between two parts (Figure 6). The inside hot air can flow out in the same way causing a significant loss energy.
To avoid this, the interior side of the construction must be equipped with an air- and vapour-tight membrane. In the lack of
this, the condenzation of vapour-filled air ruins the structure. On the other hand, the fibrious insulating materials are always
ventillated by the outside air, so their insulating effect is reduced.

i

— Heal insulation

- Uprighls
Pressure batter

Metal b
Panel matarial

—. Precompressed
caulking strip

Precompresse
caulking strip

Seal

Precorr
caulkin

Pipe

- Electrical cable

Air-tight cable entry
Electrical
installation jack

-~ Panel r

erial

— Sealing sheat
o) untight connection at roof apening

Figure 6: Air-tightness problems at assembled roofs Figure 7: Development of air-tight junctions
A better solution is the application of thermal insulation to the entire exterior of a building, because heat losses due to defective

joints are more significant, proportionally; the energy balance is considerably affected. In order to minimise these losses as
much as possible, joints and connections must be carefully executed (Figure 7).

Informations are subject to change without notification.
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It is also the basic condition for installing controlled ventilation guaranteeing for hygienic reasons, air renewal in well insulated
buildings.

1.2 Damages caused by moisture

If the interior coating is not sufficiently tight, hot air and vapour can penetrate the building’s exterior members through convec-

tion (Figure 6). The resulting humidity reduces that member’s thermal insulating power and can further cause damages such

as corrosion, proliferation of fungus, frost, unsightly physical aspect, etc. Condensation within construction members must

be avoided, because its effects and damages remain visible for a long time.

The intensity of humiditification by convection is significantly higher than tby diffusion because the steam quantities carried

through the air are significantly higher.

A connection to an adjacent construction member can only be durable if it is made with a flexible material (membrane). This

can be achieved if it is covered with a coating, a double facing for example.

Installing gypsum plasterboards onstead of wood or artificial wood plasterboards is a better way of permanently preventing the

formation of cracks. Compared to wood panels, this material has the advantage of minimal shrinking and expansion indices

below 0.02% of the length by unit of moisture change. With this in mind, the installation of a stable first coat is very important

for obtaining air and wind tightness. Namely, air-tightness is much more important in the case of lightweight structure buildings,

than in the case of the traditional buildings.

If thin foils (vapour-proof or vapour-breaker) are used providing air-tightness, some factors must be taken into account:

e To avoid cross connections, the width of the membrane must exceedthe height of the corresponding member. On the
roofing, the membrane must be continuous.

e At least 100 mm overlapping has to be guaranteed at the horizontal connections (Figure 8).

insulation

__ foil

— adhesive tape

\
— heat insulation

e uprights

- - LA, N
e —— —foil
!/— butyl rubber band

e e e e e e =—— metal profile

K heat insulation

uprights

¥
n . foil

7 precompressed
~ caulking strip
\ Z profile

Figure 8: Overlapping of air-tight foils

For connection, a special bond or two or single sided adhesive strips, recommended by the manufacturer, have to be used to
the membrane fabric. Overlapping width must be guaranteed in each case. With rigid thermal insulants or more solid memb-
ranes, one can use floating bonds, or cross widths provided that the right adhesive strips are used and sufficient pressure
can be exercised on the joint.
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At adjacent members, a sufficient covering must be glued or compressed by the sections on the entire lengths (Figure 9).
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Figure 9: Connections of airtight foils to neighbouring structures

In addition to the attention paid to these intersections, special care must be taken in the installing power outlets and switches,
pipe fittings, heating devices and door frames. In sandwich board constructions, the electrical or sanitary equipment, inde-

pendently of the job quality, penetrates the sealed surface and establishes a link with the internal cavity. It must be therefore
be surrounded by a hermetic seal (Figure 10).

Figure 10: Structural detail of an inside installation plane with undisturbed airtight planel
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The measures below result tightness in dry in lightweight steel structures:

e adapting the construction to the principle of air and wind tightnesses, by avoiding for example air penetration into the
external skin, by separating certain parts (balconies, for example);

installing an impermeable coating, by gluing the plates or widths of a membrane and overlapping them by at least 100 mm;

installing broad membrane widths to minimise the number of connections;

meticulous execution of holes (for instance at pipes);

use of members especially designed for sandwich board constructions (such as roof windows wih connections for the
waterproof membrane or for the electrical installations);

e use of an inside installation plane; a simple, trustworthy way of preventing damage to the waterproof membrane.

If the volume to be sealed contains too many holes from penetration by corbeleld joists (such as balconies and arcades), pro-
jecting tie beams or rafters, then it becomes difficult to carry out durable, state-of-art waterproofing job.

That is why this type of traditional construction is not ideal with lightweight steel structure: in such cases it is better to replace
this process by a more advantageous variant from a thermal viewpoint!

If factory prefabricated members are being used and erected in place, the building or the part of the building erected in this
way will present a larger number of connections than a traditional monolithic building. The vertical connections between the
different members must be included in the plans and must be faultlessly installed.

1.2.1 The ventillation of buildings

In lightweight steel-framed buildings contrary to traditional buildings, particular attention must be paid to air circulation through
the exterior members. Each layer’s vapour barrier must be installed from the interior towards the exterior inorder to prevent
condensation.

1.2.2 Formation of condensation on a member surface

An absorbent interior covering such as plaster or wood can be used to prevent condensation forming inside a house when
the moisture level rises abruptly. To maintain the absorbent qualities of these coverings, they must be covered exclusively with
micro-porous materials. The instantaneous appearance of condensation on these surfaces is unthinkable because by their
very composition, these materials soak up the atmospheric moisture and only render it in the long term.

To avoid condensation on inner walls, it is advisable to ensure a minimum temperature of 13°C on the surface of walls under
normal climatic conditions. According to standard EN ISO 13788, the moisture level on the interior surface of a building must
not be greater than 80% (75% according to Hungarain Standard MSZ 04-140-2:1991). A practical recommendation for pre-
venting the appearance of shadows on the upper part of framings is to ensure that the temperature difference between the
surface on this level of the framing and the other parts does not exceed 5°C.

1.2.3 Formation of condensation inside a member - vapour circulation

For these members, it is generally necessary to have either a design-based performance certificate or a manufacturer’s cer-

tificate.

If these certificates contain condensation risk, the construction must be modified as follows:

e ventilation of the layer threatened by condensation;

e installation of a vapour barrier on the “hot” (interior) side of the member.

Generally, in the exterior panels there can be no condensation if the points below are complied with:

e sufficient thermal insulation;

e sufficient diffusional strength of the interior layer (for example vapour barrier) with simultaneous ventilation of the exterior
covering.

1.3 Thermal insulation in summer

When designing a building, one must take the summer heat into account, in order to avoid an unpleasant temperature due to
strong solar radiation and outside temperature.

A building obtains heat through solar energy. This is true for solid constructions as well as for lightweight constructions. Sun-
rays go through transparent members such as windows and are transformed into heat energy. They are therefore the primary
source of air temperature rise in the room. But even without direct radiation, construction members can store large quantities of
heat by diffusion or by reflection. It is therefore possible to have high interior temperatures due to insufficient insulation, a lack
of waterproofing in the construction, absence or inadequate solar screen in front of windows as well as defective ventilation.
High air temperatures rises in a building are caused by the following reasons:

¢ the high permeability index of the glass;

e sjze and orientation of the window;

e absence of the interior and exterior protection of the bay against the sun;

e impossibility of airing the room, especially night-time ventilation;
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¢ Jow thermal inertia of members;
e unfavourable heat loss index of the materials of the outside members;
¢ inhibiting behaviour of the external members.

Outside

1. Temperature profile
2, Active storage area

Figure 11: Different heat storing ability of the building materials

In properly insulated houses, the difference between night and day is minimal. Therefore, storage possibilities are limited and
often overestimated when we include the houses’ fittings (furniture, stairs and wall coverings etc.) into the calculations.
Thermal inertia, less in light-weight steel structure construction than in solid construction, can be partly compensated by
better insulation. Regarding the efficiency of this inertia, we must take account of the fact that, in the massiv walls, only a
layer of 6 to 10 cm is active during the night-day alternation, and with temperature differences diminishing from the surface
towards the inside of the wall.

The principal causes of heating in a room are its glass surface and its orientation. One must prevent the heat energy from
penetrating and when it has penetrated, it must be evacuated.

Annex G in Standard EN 832 proposes data for solar contributions, through a method for calculating the quantity of energy
to provide.

The afore-mentioned Hungarain Ministry decree 7/2006(1V.24.)TNM counts the summer radiation heat loads with the following
equations:

— *|*
Qsd,summer_EAglass I Casummer

lass ’

“I” is the solapintensity due to the orientation
G = g*N (where N is the solar coefficient)

summer

Informations are subject to change without notification.




Liﬂdab Wall profiles

B - General design aspects of light-weight constructions

Construction recommendations

During designing the following factors have to be monitored (by order of priority):

e reduce the intensity of solar radiation through glass surfaces (design, orientation, room geometry, installation of screens,
properties of the glass), see Figure 12;
e suijtable thermal insulation,

e optimise the size of the heat and cold sources in each room (reduce the interior causes of heat in summer, install a com-
bination system producing heat or cold);

tailor the ventilation power to the outside air and inside-outside climatic exchanges (cross ventilation and especially noc-
turnalventilation);

e optimise the permeability index and thermal inertia linked to the temperature of radiation through each member.
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Figure 12: Influence of shading of window areas on the heating up behavior of buildings

The basic criterion is to prevent as much as possible the penetration of heat energy and evacuate the heat that manages to
enter.

Natural ventilation in enhanced by a device which allows cross aeration. An efficient naturalnight-time ventilation is highly
important. by complying with these rules, lightweight steel-framed constructions also offer excellent conditions.

On average, light-weight structures’ temperature will be 0.5-1.0 K above that of solid construction buildings, but the installation
of screens reduces the temperature effectively.
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2. Acoustic Behaviour

2.1 Basic characteristics in acoustics

Regarding to acoustic performance of building structures, especially in design and erection phase, the following basic notions
are important to take into account:

¢ Sound absorption coefficient (o) gives the absorption rate of sound waves that impact the surface of the building const-
ruction (wall cladding, floor covering or ceiling) when the sound source is in the same room.

e Retardant number of air-borne sound (R) describes the retardation (withstanding) capability of a building structure (e.g.
wall, floor, ceiling with or without openings, windows), that is placed between two rooms, against air-borne sound.

* Pressure level of step-borne sound (L ) characterized the retardation (withstanding) capability of a floor structure (alone or
together with floor covering and lower ceiling), that is placed between two rooms above each other, against step-borne sound
provided by an impact sound source from the room above.

In case of different type of building constructions, the relevant acoustic parameters are summarized in the following table.

ACOUSTIC PARAMETERS
BUILDING CONSTRUCTION R AR L AL, a

n

Walls (load-bearing walls, partition walls, fagade walls, interior
walls, masonry or light-weight multi-layer walls)

Wall claddings

Floor structures (inside the building)

Suspended ceiling

Floor coverings (soft, hard, flexible, floating)

Windows, doors (internal, external, of balcony, entrance)

Where (see also the Figures below):

R is the retardant number of air-borne sound

AR is the change in the retardant number of air-borne sound (improvement or degradation)
L, is the pressure level of step-borne sound

AL, is the change in pressure level of step-borne sound (reduction)

a is the sound absorption coefficient

a=0; |deal sound

R=R. absorption

INAN -~ g% |

:

Sound source g g’,@ ' (0 Sound source
%\/\/ | | é = IK@J\/\/\/\ -
R=R.-AR L" T
| O=1: sound reflector
Air-borne sound retardation (R) Sound absorption coefficient (o)

Pressure level of step-borne sound (L)
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The weighted values of pressure level of step-borne sound and retardant number of air-borne sound

In the practice, the rate of the pressure level of step-borne sound, and that of the retardation of air-borne sound, is expressed by
only one physical number. For both parameters, a standard curve is vertically moved so as to fit to the measured or calculated
acoustic curves (In the function of frequency ofthe sound SOUFCG) as Lo dB Stepbome sound pressuie | R dB Air-bome sound retardation
close as possible. In the position, when the standard curve is fitted | 2° .

the best way, the ordinate belonging to frequency of 500 Hz will be

the weighted acoustic values of the given parameter. The lower | 70
index “w” in the notation of an acoustic parameter shows that it is
weighted values, instead of other frequency period.

Standard
L curve

70

4 . . : , 60 | 60| | | . Standard| |
In this way, the AL, , and AR, notations give the weighted acoustic curve
values of step-borne sound reduction and that of change in air-borne LA
sound retardation, respectively, for the building construction, such 5°-“"’"’I_“\ PN \ f 50 TR
as wall, floor coverings or ceiling. L. Mentohda ™ \Y b= arpe
In the design practice, there are limit numbers for the weighted | 40 | |datal N a0 ' P
acoustic values given in local Standards or Regulations that must be LM;\\ R. Lol g | AR.
fulfilled by the real value (measured or calculated) of the structure. In =L (1IN < ;’// | _ "_ _
general, the requirements are regarded to multi-storey flat houses, 7 1A
block-of-flats, hotels, office buildings and educational buildings ViV R..
(schools). It is important to mention that there is very difficult to find | 20 | INREE 20 {,-/Me-a;u-"-d il
appropriate calculation methods to determine the acoustic values ! data A
for multi-layer light-weight construction. Therefore laboratory tests | 19 ! oLz 10 ' ol e
are necessary to be prepared in the most of the cases when high g 8 % § g = § 8 §§ § g E
acoustic requirement is given.
Weighted step-borne Weighted air-born
sound reduction sound retardation
Some example for Hungarian acoustic requirements in case of building In one room In one room above
construction separating two rooms: near the the other room
other room
R’ ,dB R’,,dB L .dB
Between two rooms of with same noise level in educational building 47 55 55
Between two rooms of with different noise level in educational building 55 55 46
Between two flats in hospitals and youth hostels 42 52 55
Between two apartments in maximum 2-star hotel 45 52 55
Between two apartments in minimum 3-star hotel 48 52 55
Between private flats in block-of-flats 52 52 55
Maximum allowed noise level in different rooms according to Hungarian regulation L,,dB
Rooms, compartments in hospitals, sanatoriums, medical buildings; private rooms - at night 30
Rooms, compartments in hospitals, sanatoriums, medical buildings — in daytime 35
Class-rooms, auditoriums in educational buildings, schools; meeting rooms, private rooms in daytime 40
Office rooms of high standard (intensive mental work) 50
Restaurants, bars, espresso, office rooms with high sound source of machines 55
Shops, service buildings, drawing rooms, office rooms of medium standard 60
Office rooms of low standard, laboratories, noise protective chamber 65
Physical work place of high standard, service rooms with high client traffic, laboratories with machines 70
Computer room, kitchen room 75
In any working place to avoid ear injury 85

In case of lack of special acoustic requirement, for design purposes, the necessary limit values of the sound absorption coefficient
and the weighted air- or step-borne sound retardation parameters should be determined by taking into account the allowable
noise level of the room with a certain function, the sound level of the adjacent rooms and the external environment.
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2.2 Multi-layered walls

For insulation from airborne and impact sound and footsteps, the acoustic principles of dry, light constructions prevail.
Soundproofing is not due to the mass of material (since these walls have only a small mass), but the basics of the acoustic
performance is the result of a mass-spring-mass construction.

If we consider weight, thickness and price, the soundproofing of steel frame panels (covered, for example, with plasterboards
or fibre-plaster) provides very good results. Their acoustic properties however depend on the entire system: the material of
the plates, metal uprights (type and spacing), the insulating material placed in the internal cavity and the means of fastening
and assembly.

All these members form a complex system that constitutes a “mass-spring-mass” member from an acoustic viewpoint. The
following factors effect the soundproofing the most:

¢ the stiffness of the junction between the two gypsum boards, the way the metal supports are mounted and arranged, as
well as the way the plates are fixed on the supports, among other things, affect this factor;

the spacing between the plates;

the elasticity of the plates. This depends, among other things, on their thickness, the material used and their composition;
their weight in relation to the surface area. This is related, among others, to the material used and the number of layers;
the type, properties (best absorption of certain wavelenghts, for example) and filling level of the insulating material.

2.3 Attenuation of airborne noise in a building with a light-weight steel structure
The following criteria have positive effect on the soundproofing of a multi-layer sandwich panel structure.

2.3.1 Preparation of flexible cladding made of material with high mass-to-surface ratio

To obtain good soundproofing, the cladding board must be flexible from acoustic point of view. This type of board is about
20 mm thick that may be in plaster, fibre or even in wood. The mass per unit surface of the cladding board also has a positive
influence on the soundproofing of a panel. The higher the mass, the better the soundproofing of the panel, but because of the
previous, the two-layered 12.5 mm gypsum board coating is more effective as the 1x25 mm.

2.3.2 Separating the fastenings of the two boards

The link between two boards, for example by the studs, creates an acoustic bridge.

To obtain better soundproofing, the two sides must be as separated as possible (for example by adding flexible materials
between the board and the studs, see Figure 13) or ideally, completely independent (each side is fastened on separate studs),
so double-wall has to be made.

Figure 13: Wall structure made of steel studs with flexible secondary channel
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Constructor techniques:

e larger spacings (according to the statics requirements);

larger spaces between the boards (wider wall structures);

fastenings of boards on insulating strips, resilient sections or springs;

sections that limit acoustical bridges (for example, pinched or grooved sections, MW sections),
separation of the two sides of the panel (double supports).

2.3.3 Insulation of the internal cavity

To improve acoustic performance, the spaces between the plates is generally filled with sound-absorbing (often fibrous) ma-
terials. When the sound energy crosses these fibres, it is converted into heat energy. Hardened materials, such as rigid foams
are not suitable for this purpose.

Constructor techniques:

e Filling up to 80% of the space between the plates with a fibrous matter (to avoid creating acoustical bridge through this material).

2.4 Light-weight steel floor structures
Floors require the same soundproofing measures as walls. However, there is another important criterion in addition to the
reduction of airborne sound: the attenuation of footsteps and impact noise (see Figure 14). This requirement is more difficult to

meet for light floors than the reduction of airborne noise, and therefore, a lot of thought must be given to implementing it.
Figure 14: Impact sound transmission in light-weight steel floors

(1. Transmission via the beam; 2. Transmission via the hollow ceiling)

To obtain this insulation with a lightweight steel structure, we try to prevent the direct propagation of footsteps through the floor

by separating the reception of sound on its topside as much as possible from its emission by the underside. This is achieved

by separating each layer during construction. This can be solved with a floating floor because it is separated from the load-

bearing frame by soundproofing layers.

Constructor techniques:

e Elasticity and high mass of the slab in relation to the surface.;

Flexibility of the thick sound-insulating material (up to 50 mm thick);

Aoiding acoustical bridges near the walls and the load carrying structures;

Careful execution of junctions with walls;

Hhigh mass of coating, (for example slabs);

Elastic floor covering (for example carpet).

Nowadays using lightweight floors is a general method, where the seatings under coatings working as rigid plates are taken into

account when calculating soundproofing. The effect of a floating floor is less for low frequencies than for high frequences.

The underside of the floor is covered with a ceiling plate, which can be fastened directly under the joints. We improve the

acoustic performance of this covering by paying attention to the following constructor techniques:

e designing elastic and relatively high mass covering;

¢ flexible assembly, in terms of sound, of this covering under the joists using insulating strips, resilient sections, two cap
sections or flexible fastenings.
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To comply with minimum soundproofing standards for light floors in residental buildings built using dry constructions, the
following constructor techniques sould be used:

e >20 mm thick dry slab;

e good quality insulating material > 20 mm;

e |oad carrying framework > 19 mm thickness; filling of internal cavity < 80% ;

e resilient sections, spring links, independent fastenings;

e two layers of floor covering ~2x15 mm.

It is generally not possible to comply with standards without elastic fastening of the floor covering or with only one wear coat.
The floor covering must also be as heavy and as elastic as possible (for example, a fibre-plaster plate with thickness between
10 and 12.5 mm or gypsum board with thickness between 12.5 and 15 mm). With these precautions, the sound reduction
index of airborne noise is approximately 60 dB and that of impact sound is approximately 51-54 dB which just complies with
the standards.

If the dry floor is separated from the joists, using individual footings or insulating clips, it is possible to reach an impact sound
reduction index of L' =51-54 dB. This can be improved further by ballasting the floor covering more, rising the dead weight.
If the resilient section is not used (elastic fastening of floor covering), the minimum requirements for flat-separating floors are
barely reached with the floating floor.

Comparing to the traditional “floating floor”, either the resilient section or ballasting, a low index is attained (L, ,.=44-50 dB),
that corresponds more or less to the index of the dry slab + ballasting + resilient section combination.

The best index (Ln’W’R>=42 dB) is obtained by combining massive slab + ballasting + resilient section.

2.5 Propagation of sound in a roundabout way

Roundabout propagation via adjacent members is one of the possible routes. Lateral transmission principles in lightweight
steel-framed constructions differ from those prevalent in solid constructions. Due to the rigid junction of dividers and adja-
cent parts, we have what is referred to as the “absorption of impact points” in solid constructions which improves the sound
reduction index in the partitioning wall.

In light-weight steel-framed construction, the partitioning members and the adjacent parts are not connected directly to each
other. They can, therefore, oscillate independently without mutual interaction. But this does not mean that the lateral transmis-
sion of sound is weaker. On the contrary, with light double walls, longitudinal propagation becomes very significant and must
not be neglected.

According to standard EN 12354, the longitudinal sound reduction index relating to light double walls is between 55 and 75
dB. Basically, there are two types of sound propagation paths in this type of constuction, whether they are walls, ceilings or
floors. First, the coating surface and second, the internal cavity.

Solutions for minimising sound wave propagation in the internal cavity include filling it with fibrous material or sectioning the
longitudinal plate perpendicularly to the divider. Sound propagation through a wall plate depends on how that wall was manufactu-
red. A stronger mass has a positive effect; sound is propagated less through two layers of coating than through a single one.
The most efficient solution is to ensure the absence of a continuous plating between two adjacent rooms. This divisioning
perpendicular to the propagation of sound brakes the propagation of longitudinal soundwaves.

2.6 Appropriate modes of connections between members

The appropriate solution of connections between flexible double partitions and adjacent parts (ceilings, floors and walls) is
very important. In light-weight constructions, the connection of two structural members generally leaves some gap between
(Figure 15), this should be improved by hermetic acoustic seals that have to be put in these gaps (Figure 16).

Figure 15: Acoustic leaking (gaps) and sound bridge around structural connections  Figure 16: Acoustically correct solution for structural connections
by separation of the sound conductive elements
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Defective or damaged sealing would result in sound bridges enabling airborne noises to move from room to room.
Constructor techniques:

e acoustic separation of adjacent members;

acoustic separation of abutted members;

installation of insulating strips, insulating material;

use of special sections equipped with sealing joints;

careful sealing of connections with a mastic sealant.

3. Fire Protection

The load-bearing capacity of steel (strength and ductility) falls linearly when the temperature rises above 500 °C. Steel mem-
bers are incombustible, but altough, they are particularly used in thin walls or in lightweight frames, they have no fire resistant
properties themselves. They must be protected against the effects of high temperatures during a fire. It is the only way of
preventing serious plastic deformations and consequently, the static failure of the construction member.

3.1 Fire performances of different materials used in light-weight steel-framed constructions

The thin sections must be covered with a sheating to prevent them from being ravaged by the fire. The following materials can
be used successfully for fire protection:;

e plaster-fibre;

e plaster on glass-fibre;

¢ sand-limestone

These incombustible materials are fit to protect combustible, load bearing members from the direct effects of the fire and
therefore to serve as wall, floor and ceiling coverings.

In Figure 17 the heating time of various materials by different manufacturers is shown.
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Fiugre 17: Characteristic burn-through times of different panel materials

The results can serve as useful indication and information on the fire resistance of the steel member coverings. Tests have
proved that plaster-fibre boards presented the same level of fire preformance as GKF gypsum boards (reinforced fire insulation
plasterboard).

When placing an insulant in the internal cavities of the panel, it is important to know if it is load-bearingor not.

In a non-loadbearing member, the insulant can impove the fire resistance of the construction. We resort to mineral fibrous
insulating material which have a elting temperature of >1000 °C. Thanks to them, the heat which is communicated to the op-
posite side of the fire is reduced and, once the fire side covering is destroyed, this insulant slows down the propagation of the
fire to the other side of the wall.
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In a load-bearing wall, the decisive time for its load-bearing capacity is when the temperature reaches 500 °C, a critical tem-
perature for steel. The installation of an insultant reduces heat convection in the internal cavity: the side of the wall on the fire
side will therefore heat up faster and will reach the critical temperature more rapidly, than without insultant (Figure 18)!

With insulation layer  Without insulation layer

Figure 18: Changing the temperature in case of fire on one side

If, from the fire protection viewpoint, insulation is not necessary or can even be harmful, it can neverthelessturn out to be essential
from the thermal and sound viewpoint. One must therefore weigh the advantages and disadvantages for each individual case.
If an insultant is installed for acoustic or thermal reasons, it must be therefore belong ro class B2 and be ypproved, because
its presence can have negative effects on the fire performances of a member.

In lightweight steel-framed construtcions, the installation of a vapour barrier or wind and air tight membranes are not detri-
mental to fire protection.

3.2 Defining the values of fire resistance

To prevent fire propagation into adjacent rooms or on other floors, “fire-stop” members, such as walls and floors must meet
the requirements below concerning the length of their fire resistance:

e prevent the propagation of fire;

e tightness against inflammable gas;

e limitation of the temperature of the surface opposite the fire surface.

The fire performances of constructions and lightweight steel structure members are determined by the factors below:

fire loading (fire on a single side, if it is a wall stud, on all sides, if it is a floor beam);

dimensions of the member;

construction process (of each member and the whole);

static system;

allowable dynamical load for a member;

building materials;

location of the fire protection coating.

Each component of a lightweight steel structure construction and its location determines the category of the whole structure.

3.3 Performance of walls against fire

3.3.1 Load-bearing walls and partitions

In terms of fire protection, it doesn’t matter if a wall is load-bearing or not. What determines the value of its fire resistance is
the type and the thickness of the covering as well as those of the insulating material placed in the internal cavity.

A non-load bearing partition wall must prevent the propagation of fire to the next room during a certain time (length of fire
resistance).

A load-bearing wall must additionally, maintain its load-bearing capacity. This means that all load-bearing members must be
protected by means of appropriate insulation from the effects of the fire. This concerns steel studs and floor beams, as well
as bracing members such as rods, steel cables or plates.
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3.3.2 Fire walls

Firewalls may be load-bearing walls or simple partitions. A firewall is made up of different members whose fire performances
have been tested. In addition to being fire resistant (90 minutes), a firewall also has a greater resistance to thrust. This result
can be obtained by inserting between the different covering layers, a continuous layer in sheet metal to ensure surface stability
(Figure 19).

.~ Planking 2x12.5mm gypsum fiberboard

" _ Steel plates 0.38mm

___ Plarking 2x12.5mm gypsum fiberboard
= _ Steel stud (CW profiles)
————————— Fiber insulation (not required)

Figure 19: Firewall in lightweight steel construction

Firewalls can be divided into three categories: load resistant, load-bearing and non-load-bearing. In the case of fire, load
resistant walls must not receive more than the allowable maximum load (kN/m). The dimensions of load-bearing firewalls are
calculated according to the loads applied to them. Static and commissioning check is needed.

When installing fire partitions (non-load-bearing), the appropriate measures must be taken to prevent that in case of fire theydo
not receive any unexcepted load, due to a sagging floor for example. If a floor is expected to deflect more than 10 mm, then
a slipping joint must be installed at the partition/ceiling connection (Figure 20).

Sliding
Upper edge

Steel
Stud

Spacing in mm

Figure 20: Sliding ceiling connection of a nonstructural wall with fire protection requirements

In addition, care must be taken to ensure that all the structural members that brace the firewall, such as walls and adjacent
floors, have the same level of fire resistance. To design lightweight steel structure walls compliant with fire protection standards,
all the connections with adjacent members must be compliant. This means more stringent requirements in the execution of
the joists.

During designing, attention has to be paid to the followings:

horizontal and vertical stresses on these walls ;
connections with the walls and the adjacent floors;
installation of glass surfaces;

installation of window frames;

equipment routing.

Informations are subject to change without notification.
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3.3.3 Electrical installations in walls and floors

Enclosures for hollow walls can be installed anywhere in a wall regardless of whether it is load-bearing or not. However, one must

simply comply with some installation restrictions, shown in Figure 21. Besides these, equipment can be routed freely anywhere.

If the directives below are not complied with, then an overall technical control must be carried out:

e Electrical outlets or switches can be installed opposite to each other in the dividing walls, but they must be located in the
different compartments.

e Electrical enclosures facing each other in a double upright wall, where spacing of plates is less than 600 mm, must be
separated by a fireproof plasterboard 600 mm x 600 mm reinforced insulation board as thick as the covering.
The fire insulation material around an electrical enclosure in a double partition must be at least 30 mm thick.
In walls not fitted with fire insulant (without any insulant or with a no fireproof insulant) enclosures must be surrounded by
at least 20 mm thick plaster.

Figure 21: Installation rules for electrical installation outlets in a wall with fire protection requirements

3.4 Fire protecion of steel floor beams

The classification of fire performances of lightweight steel structure floors follow the same principle as the walls. However, a
floor must be considered as whole. The steel joists are protected, underneath, by fireproofed ceiling coverings and above, by
slabs equally compliant with fire standards. The fire protection criteria are the same as for dry constructions.

A floor classification, for example in 90 minutes, is based on the categories to which the its key parts as well as those of the
ceiling belong. The key parts are all load-bearing or stiffening members. This is true for the ceilings (directly under joists) and
for false ceilings (or suspended ceilings).

Informations are subject to change without notification.
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3.4.1 Fire protection from the underside

As there are no fire standards for floors or for lightweight steel-framed walls, one must resort to certificates and approvals of
the different materials to obtain the fire resistance of the floors. But this mainly applies to the structure, the only one in question
to offer the required protection in case of fire fighting from beneath.

Ceiling supports must be installed perpendicularly to the joists with a spacing determined by the load.

Some ceilings can be directly fastened to the floor without any independent structure. Inthis case, the spacing between the
joists must not be higher than 40 cm.

3.4.2 Fire protection from the topside

For lightweight steel structure 30 minutes fireproofing is needed. The floating slabs protect the plating on the joists and prevents
the latter from rapid deformation and the floor from collapsing. The fire resistance of a floor depends on the type and thickness
of its structure as well as those of its insulation.

A mortar, plaster or asphalt slab as well as floor plating in plasterboard, plasterfibre or pressed wood can be accepted up to
60 minutes fire resistance category.

For category 90 minutes floors, we can also use plasterboard or fibre-plaster after inspection or appraisal by an expert.

3.4.3 Fire performance of multi-layer panels

Lightweight steel-framed constructions are made of “multi-layer” or mounted “composite panels”. Fire can therefore spread
in the internal cavity and harmful gases flow into parts of thebuilding affected
by the fire.

To prevent the propagation of fire and ensure smoke proof connections between
the different members, some points have to be monitored.

3.4.4 Connection of members and equipment routing

Particular attention must be paid to the tightness of horizontal and vertical con-
nections between the different members. They must be lined with incombustible
mineral wood strips, mastic or expanded foam, and completed by a careful final
covering (Figure 22 and 23).

This observation especially applies to intersections and drillings for routing equip-
ment. These are the weak points in the tightness of a fireproof covering which
may allow the fire to reach the internal cavity.

When any equipment bores a hole into a construction member, in addition to
ensuring that fireproof properties of the member are intact, we must also ensure
that the fire cannot spread
through the power outlet, for
example! Openings >50 mm
(for pipes) must be covered
unless it is an incombustible
pipe corresponding to the
same standards as well.

il =

(A A

558 8 AT N

TR A

1. Connection strips made of mineral wool 10mm

Melting point. > 1000 °C
2. Density filling
Figure 22: Details to be considered during planning Figure 23: Effective way to prevent
to prevent smoke and the fire from spreading fire spreading at “T” wall connections

in multi-layer hollow structures
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4. Corrosion Protection

The cold rolled profiles are manifactured from hot-dip galvanized steel strips, they are covered with a zinc layer of cca. 20
pm, which corresponds to a weight of 275 g/m2. Galvanization is a good way of controlling corrosion on parts for a period
equal to the building’s service life, on condition, however, that the construction details and the different coverings have been
correctly designed and implemented. The primary damage to this protection layer occurs during shipping and storage. That
is why maximum possible care must be taken to ensure that their packaging prevents any mechanical damage. Furthermore,
the shapes must be stored in such a way that neither water nor dirt can accumulate on them.

In normal climatic conditions outside a building, around 0.1 g/m2 of zinc disintegrates every year due to corrosion. The pro-
tective layer therefore has a life span that is much longer than that of a building. Zinc also has the property of “self healing” its
damaged parts by cathodic reaction. If moisture comes into contact with a bare steel surface, it generates a galvanic substance.
The less noble zinc particles form “soluble” anodes which settle on the steel and provoke a cathodic reaction. The result is an
“anodic” zinc layer which then protects the steel from corroding.

That is why cut-out galvanised sections do not require any additional treatment, but it is wellworth to think over using galvane-
spray.

Products initially coated with zinc have a shiny aspect which goes away within a few weeks to form a matte grey coating.
This “passivation” is the result of the zinc’s interaction with water, oxygen and carbon dioxide. The basic zinc carbonate, insolube
in water, which forms on the surface provides an excellent protection against any additional corrosion. Therefore, this reaction
must not be prevented by inappropriate warehousing, which means that the steel sections must be stored in a dry, cool place.
If right after manufacture the sections interact wuth moisture, a white rust forms on the surface due to the insufficient oxygen
and carbon dioxide. This white and flaky hydroxide is very volumonous. When it can be removed without leaving any visible
traces, the protection control is not damaged. But if serious alterations are observed on the base layer, then the efficiency must
be checked. A well-ventilated storage room prevents the formation of this white rust.

If high corrosion is predicted in buildings exposed to marine environments for example, and sections are left without protective
sheating, it is possible to treat them organically in addition to the galvanisation. Then we talk ok “duplex system”. The paint
coating prevents the slow erosion of the passivated coating. The zinc coating in tun prevents the steel corrosion, its transfor-
mation into rust.

Due to the synergy of the two treatments, the protection period of the duplex system is about 1.8 to 2.5 times higher, than
the sum of the two. The thin steel sheet used forcold sections can be treated continuously, in other words receive right after
galvanization anorganic bath (paint or polimer) or a protective film. We use sectionstreated in this way when a strong corrosion
control or a special paint are required. As moisture speeds up corrosion, open sections must be fitted with downward sloped
openings, in the web for example. In this way, rainwater is prevented from accumulating during construction and causing
corrosion. Voids in between junctions must be built in such a way as to allow water to run out. When choosing the material
of fasteners, care must be taken to avoid contact corrosion. That can result from lectrochemical reaction when two different
metals come into contact. Therefore, preferably, galvanised members must be fastened with galvanised steel parts, if possible.
Outside, in case of exposure of bad weather or when condensation is a threat, stainless steel screws must be used. Inside, it
is possible to use phosphated screws, but in that case, there must be no moisture at all.
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1. Background: Swedish Experiences

The inner frame of an insulated wall made with dry technology contains usually thin steel girders. The calculation of heat transfer
is quite difficult due to the big difference in the heat conduction capacity of the insulation and the steel structure. The process
of these kind of special problems can be solved by three-dimensional numerical analyses. In the following some results will
be presented according to Swedish literature [1] based on high experience of Scandinavian lightweight building technology.

1.1 Computer programs for building physics

Nowadays, for thermal calculations there are several numerical computer programs available for the designers. These software
are generally solve the differential equations of the heat transfer numerically, by finite element method. One of these programs
is the HEAT2 software, that is applicable to handle two-dimensional heat transferring problems, therefore to determine the U,
resultant heat transmission coefficient. (It is important to mention that the U_resultant heat transmission coefficient of a given
layer, as defined in the relevant Hungarian Ministry regulation 7/2006(IV.24.)TNM, is different from the so-called “k” heat trans-
mission coefficient defined in the previous Hungarian Code MSZ 04-140-2:1991 for thermal design, because the U_resultant
heat transmission coefficient includes the effect of the cold bridges, as well.). Using HEAT2 software it is possible to take into
account the effect of floor temperature and the heat loss through the ground, to analyze the effect and behaviour of thermal
bridges and also the optimalization of insulation. The heat equation is solved by using the method of finite differences, with the
help of over-relaxation method that is applied for the steady state calculations .

A more developed version of the software is the HEAT3 program, that is applicable already for three-dimensional calculations
of steady-state or transient heat flows. For solving the heat equation this program also uses the finite differences method.
The program can be used for instance for analyses of three-dimensional thermal bridges, heat transfer through corners of a
window, heat losses from the house to the ground. The program makes it possible to incorporate further modifications, such
as radiation in cavities and heat sources.
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Figure 1: Principle sketch of wall with C-profiled steel studs Figure 2: C-profile with slotted web (cross-section and side view)

Figure 1 shows a sketch of wall containing insulation between two 13 mm thick gypsum boards. Lg shows the distance between
two metal C-studs. In this case there is an extra heat loss caused by the wall studs. This heat loss can be reduced by slotting
the web of the C-girders perpendicular to the heat flow direction, as shown in Figure 2. The thickness of the girder is denoted
by t. The calculations were made by HEAT3.

Informations are subject to change without notification.



Liﬂdab Wall profiles

C -Thermal design of profiles with slotted web

1.2 Data for numerical calculations

The problem is not perfectly symmetric due to the different flange lenghts (40 and 46 mm, see Figure 2). However, this is
neglected in the calculations, so the left flange length (46 mm) is used for both sides. The Swedish Standards for calculation
of the U-value prescribes that the sum of the inner and outer surface resistances (1/a=1/h) have to be 0.17 m?K/W. The inner
and outer surface resistances are put to half of this value (0.085 m?K/W) in the calculations that follow. The elevated part in the
middle of the web is neglected, the web being modelled as being straight, as shown in Figure 2. by the dashed lines. This will
give a slightly overestimated (by less than 1%) value for heat flow through the wall.

The slotting process causes small elevated rims, as shown in Figure 2. These rims are also neglected in the calculations, and
the effect of this is discussed later.

The calculations have been made for the shaded volume shown in Figure 3. The height perpendicular to the plane of Figure 1 is
denoted by s. The temperature of the air is 0°C on one side of the wall and 0.5°C in the mid-section (because of the supposed
1°C temperature difference between the two sides of the wall). The thermal conductivity is 2=0.036 W/mK for the insulation
between the gypsum boards and 1=0.22 W/mK for the gypsum boards.
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Figure 3: The part of the stud used in the simulations

The number of cells, required to obtain satisfactory numerical accuracy, depends on various parameters. The following criterion
has been recommended as a European standard (CEN,1992). The sum of the absolute values for all the heat flows entering the
object is calculated twice, once for n cells and once for 2n cells. The relative difference between the flows needs to be smaller
than 2%. If not, further division of the mesh is required.

Having about 30,000 cells placed in an expansive mesh satisfied this criterion for the case considered, because the relative
difference became ten times smaller, 0.2%.

Figure 4 shows the projection of the numerical mesh on the x-y and x-z plains in the case involving 30,000 cells. The position
of the steel girder is shown by thicker lines. The over-relaxation coefficient was put to © =1.95.
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Figure 4: Projection of numerical mesh on the x,y-plane and the x,z-plane
in the case involving 30,000 computational cells

1.3 Sample calculation
An initial numerical simulation is presented for a reference case involving the following data:
¢ the thermal conductivity of the steel is A_ = 60 W/mK.
e the distance between the girders is Lg =0.6 m and
¢ the thickness of the steel is t= 0.7 mm (see Figure 1 and 2).
The results:
* The calculated heat flow through the wall becomes Q_,,. = 0.00786 W/K
The extra heat loss Q_,, due to the steel is as follows:
Q.. = QUL ’s =0.00786-0.225"0.6"0.05 = 0.00111 W/K ;
where U, is the U-value of the wall without studs.
¢ The total thermal resistance is R = 0.17+2*0.013/0.22+0.150/0.036 = 4.44 m?K/W,
and U, , becomes U, =1/4.44= 0.225 W/m?K.
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1.4 Varying the distance between the girders

The U-value of the wall varies with the distance between the girders L . As L _increases, the U-value will approach the U-value
of the wall without studs U, . It is reasonable to assume that the extra heat loss for each girder is the same as in the reference
case, Q__. . This allows the following approximation of the U-value as a function of Lg:

extra”

Quira (. _ 0-00111

* T %008
Ly*s L, *0.05

U= +0.225 = 0.0222/ L, +0.225 [W/mK] (01)

Equation (01) is valid for center distances large enough that the heat flows due to any two girders that are adjacent to each
other have negligible influence on each other. Numerical tests show that a center distance of 0.1 m gives an error of 2% as
compared with Eq. (01). The error increases with decreasing distance. However, the center distances are in reality much larger
than 0.1 m.

1.5 Varying the thermal conductivity of the steel

The thermal conductivity of the steel is much greater than the thermal conductivity of the insulation. Therefore, the heat flow
between the steel and the insulation should be relatively small compared to the flow along the steel. Separating the problem
into two cases and adding the two flows turns out to provide a rather good approximation.

In the first case, the steel is not taken into account. The one-dimensional flow with a temperature difference of 1 unit is

U, "L,"s= 0.225"0.6"0.05 = 0.00675 W/K.

In the second case, the effect of the insulation is neglected, and only the flow between the steel and the gypsum is being
calculated. The boundary conditions between the steel and the insulation, and between the gypsum and the insulation is
adiabatic. Numerical simulation gives for A =60 a heat flow of 0.00105 W/K. The flow is essentially proportional to the thermal
conductivity of the steel. Thus, heat flow as a function of A_ becomes 0.00105*(A /60) = 17.5*10-6"A_.

Adding the two contributions gives the following approximate formula:

Q_, =0.00675 + 175 *10°* 2  [W/K] (02)

calc

This equation is shown in Figure 5 as Fitted curve number 1.
The black triangles show Q_, . from direct numerical calculations for different 2. Based on the results of the numerical calcu-
lations, for the straight line between values A =10 and 2 =60 gives:

Q. =0.00696 + 15*10°* 1 [W/K] (03)

calc

This equation is shown in Figure 5 as Fitted curve number 2.
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Figure 5: Heat flows as a function of ). based on the calculations in 3D
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Based on the previous, an approximate expression for the U-value as a function of A_and Lg can be provided. On the basis on
Eqg. 01 and 02 the fitted curve number 2 according to Eq. 01 gives with s=0.05m:

U= Qextra

*
Lg S

+Uyy

0.00696 +15*107° *A, —0.225* L, *s
U=
Ly*s
~0.0042 +0.0003 * 4,

Lg

+0.225 =

+0.225 [W/m?K] (04)

Figure 6 shows U-values based on Eq. (04). The U-values obtained through direct numerical calculations given in brackets.
The error is less than 2%.

As

Ly=0.3 m

Ly=0.6 m

L,=1.0 m

Ly=0.1 m

60
40
20
10

0.299 (0.300)
0.279 (0.282)
0.259 (0.263)
0.249 (0.252)

0.262 (0.262)
0.252 (0.253)
0.242 (0.243)
0.237 (0.237)

0.247 (0.246)
0.241 (0.241)
0.235 (0.235)
0.232 (0.232)

0.447 (0.456)

Figure 6: U-values based on Eq. (04) and on numerical calculations (in brackets)

1.6 Varying the thickness of the steel

Since the heat flow in the steel is approximately proportional to 1., one can assume that it is also proportional to the thickness

of the steel t. Equation (04) is then modified to

t
0.0042 +0.0003 * ¢ * o
U= 0.0007 +0.225 = 0.0042+0.43* 2 *t
Lg Lg
where
Lg >01m, A =10W/mK, t=0.0001m

Figure 7 shows U-values for various values for t, A_and Lg based on Eq. (05). The results obtained from the numerical calcula-

tions are in brackets. The maximum error is 2%.

It may be noted that it is possible to establish an equation that also takes into account the wall thickness H(m) and the thermal

conductivity of the insulation A, _ (W/mK).

Thus, the U-value could easily be calculated as a function of U = f (&, ,Lg RS

insul ?

U

NESE”

60 [ 0.6
1.5 |60 | 0.6
11010
15(10/03

0.275 (0.272)
0.296 (0.289)
0.233 (0.233)
0.260 (0.265)

H).

+0.225 [W/mK]

Figure 7: U-values based on Eq. (05) and on numerical calculations (in brackets)
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1.7 Studs without slots

Numerical calculations have also been made for a wall with girders without slots (A =60, t=0.7mm and L_=0.6m). The U-value
becomes U=0.413 W/m?K, which is 83% larger than the U-value for the wall alone (0.413/0.225=1.83).

A wall with slotted studs, according to the table shown in Figure 6, has only 16% greater flow than a wall without any studs
(0.262/0.225=1.16).

1.8 Effect of flange sizes
The flanges act as collectors of heat. If the flange size Lflange in Figure 8 is decreased, the U-value will also decrease. Figure 9
shows U-values for 2 =60, t=0.7 and Lg=0.6m obtained from two-dimensional calculations for a wall with studs without slots.

T =""="T
‘——:_—,_-? Gypsum board
= Insulation
: ————}— Stud flange
58 giiadid Lfignge | U (W/m?K) | lowered U-value

Q%-z_%i— Stud web 0.046, 0.413 -
-~ 0.020 | 0.389 6%

LI 0.005 0.347 19%

Figure 8: The heat flow along the web decreases as Lflange decreases Figure 9: U-values for different flange lengths

1.9 Heat transfer within the slots

The cavities due to the slotted steel probably will be filled with air instead of insulation. In the numerical computations this
space is assumed to be filled with insulation material. The following discussion concerns an estimate of the amount of heat
transferred by radiation and convection inside these air gaps.

The size of a gap is D=2mm according to Figure 10. We see that the heat transferred by radiation and convection inside the
gaps is about the same as that transferred by pure conduction in the insulation. Thus, the heat flow between the gaps is neg-
ligible compared to the flow along the steel.

gu%u

Figure 10: Heat transferred by radiation and convection in air gaps of slots

1.10 Steel studs compared to wooden studs

It is interesting to compare the U-value for a wall having steel C-studs to that of a wall having wooden studs placed in the
same position as the steel girders.

Calculations show that, for 2 =60, t=0.7 and L =0.6 m, the reference wall containing slotted steel studs has the same U-value
as a wall containing 0.04 m thlck wooden studs with thermal conductivity of 0.14 W/mK.
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1.11  Conclusions

On the base of the previous analyses, it is proved that slotting of the stud web is very efficient way to decrease the heat flow.
A numerical example showed that the thermal conductivity is decreased by a factor of 6 to make up for the slotting. The heat
flow through a stud even more decreases as the number of narrow slots increases.

Equation (05) gives a U-value that depends on the thermal conductivity of the steel (o), the center distance between the
studs (Lg) and the thickness of the steel studs (t). The error is less than 2% compared to direct three-dimensional numerical
calculations.

2. Thermal Behaviour of Light-Gauge Slotted Lindab Studs

In this chapter — on the base of the Scandinavian experiences presented before — the thermal behaviour of slotted studs pro-
duced in the factory of Hungarian subsidiary Lindab Kft. is investigated. The exact geometry of HRY-C and HSKY-U light-gauge
profiles with the slotting pattern can be seen in Figure 11.

75 .25 |

Figure 11: Geometrical parameters of slotted Lindab profiles: HRY-C stud and HSKY runner

The Swedish and Hungarian principals of desgin are different in several respects. The main differences are based mostly on the
climate, and it can be perceived also in the Standards. In Hungary — and in all other countries in the region — the local values
have to be used in the energetical calculations, such as the value of the heat transfer coefficient for the two sides of the wall.
Therefore it is showed with the help of HEAT3 program and the experiences from the previously checked model, how the slotted
girder works according to the Hungarian standards.

2.1 Analysis of the slotted Lindab studs

Thicknesses of the slotted profiles produced in Hungary are: t=1.0mm; 1.2 mm és 1.5 mm
Height of the slotted profiles: h=100-120- 150 - 200 mm
The heat conductivity of the steel used in the calculations: Mg = 60 W/mK
The heat conductivity of the gypsum board used in the calculations: A - 0.22 W/mK
The alternative heat conductivity of the insulations between the girders used in the calculations:
Xpsuq = 0.036 W/mK
= 0.045 W/mK

-2
The surface heat transfer coefficient for exterior walls";Slhe=24 and h=8, thus the surface heat transfer resistance used in the

calculations is R=1/2%(1/24+1/8)=0.085 m?K/W.
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2.2 Thermal performance of slotted studs compared to non-slotted ones

A wall containing studs (h=150mm web height, t=1.0mm thickness, Lg=60 cm), 12.5 mm (13 mm) gypsum board on each side,
and 15cm fibreglass insulation (A, , ,=0.036 W/mK) between the studs has been examined. The calculation has been made on
the half cross-section with 0.5 °C temperature difference and R=0.085 m?K/W outer surface heat transfer resistance according
to the original method.

The results became as follows:

Non-slotted studs Slotted studs
(h=150mm, t= 1.0mm, Lg=60cm) (h=150mm, t=1.0mm, Lg=600m)
Q... W) 0.0135 0.0089
Q (W) 0.00675 0.00215
Uiteg WmK) e 0.297
U, aeg W/M2K) 0451 | e

Figure 12: U -values of slotted and non-slotted studs

The resultant heat transmission coefficient (U ,,..,=0.297 W/m?K) for the wall containing 150mm high slotted studs is around
the 66% of the coefficient of the wall containing studs without slots (U, =0-451 W/m?K)!
If the slotted steel stud is changed to a wooden stud, the resultant heat transmission is going to be:

e Wooden stud in size 7.5/15 cm: thoo don.75¢150 =0.286 W/m?K,

e Wooden stud in size 10/15 cm: nwoodentooxiso =0-306 W/m?K
Temp °C]| Temp (°C)
| B 0
.: = . 04TS
.:45 . 0.45
.“:f . 0.425
.ci . 04
.: " B
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(@) The change of temperature shown with isotherms
on the calculated part of the wall with slotted steel stud

(b) The change of temperature shown with isotherms
on the calculated part of the wall with steel stud without slots

Figure 13: The isotherms in the surroundings of the slotted and non-slotted studs
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2.3 Varying the thickness of the slotted stud

The effect on the resultant heat transmission coefficient of changing the thickness of the slotted studs (t=1.0 mm; 1.2 mm
and 1.5 mm) at a wall with studs of 150 mm web height with Lg=60 cm, gypsum boards on the two sides containing glasswool
insulation has been calculated.

The results are as follows: (A, =60 W/mK; A, ding=O.22 W/mK; A, ., ,=0.036 W/mK)
t=1.0 mm t=1.2 mm t=1.5 mm
U, gottea (W/M?K) 0.297 0.307 0.321
Percentage: 100% 103.4% 108.1%

Figure 14: The effect of changing the thickness on the U -value of the wall with slotted studs

As excepted, as the thickness grows, the resultant heat transmission coefficient of the wall becomes worse, but this makes
only 10% difference also in the most unfavourable cases (by increasing the thickness of the web by 50%).

2.4 Varying the web height of the slotted studs
Obviously the most different results will be resulted in this case, since the height change of the slotted girder will also cause
change in the thickness of the filling insulation.

The initial parameters of the calculation: t=1.0mm; Lg=0.6m; ___=60W/mK; kcladding=0.22W/mK; Xineurs=0-036W/mK.
The results are as follows:
Web height: h=100 mm h=120 mm h=150 mm h=200 mm
U, qotteq (W/m?2K) 0.397 0.346 0.297 0.246
Percentage: 100% 87.2% 74.8% 62%

Figure 15: The effect of changing the web height of the slotted stud on the U -value of the wall

The results of the calculations are extremely favourable, if the following are taken into account:

* the wall containing slotted steel studs with h=100mm web height even satisfies the U =0.45 W/m?K value given for exterior
walls by the new and quite strong Hungarian Ministry decree 7/2006(V.24.),

* the wall containing slotted steel studs with h=120mm web height already satisfies the U =0.35W/m?K heat transmission
value proposed for light-weight exterior walls in the referred Hungarian decree.

2.5 Varying the type and quality of the material built into the wall

2.5.1 Insulations

By all means thready insulation had to be used between the slotted girders for heat and sound insulation. In the calculations
the thermal conductivity A, ,=0.036 W/mK also used in the original Swedish system has been given, this can generally be
achieved by glass wool insulation.

It is suitable to have a look at the changes when mineral wool insulation with the slightly worse A, _,
conductivity value is used.

,=0.045 W/mK thermal

For the wall (containing stud with 150 mm web height, t=1.0 mm thickness and Lg=60 cm distance between the studs and with
one layer of gypsum boards on each side) used in the calculations, the results are summarized in the table that follows:

The thermal conductivity % =0.036 W/mK % =0.045 W/mK 25% loss
of the insulation insul-1 insul-2
U, sottea (W/M?K) 0.297 0.349 175% loss

Figure 16: The effect of changing the quality of the insulation material on the U -value of the wall

So the 25% decrease in the insulation capacity drives to the 17.5% loss in the value of the resultant heat transmission coefficient,
but the structure can satisfy the U =0.45 W/m?K value given for exterior walls in the Hungarian Ministry decree 7/2006(V.24.)
with large safety.

Informations are subject to change without notification.
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2.5.2 Cladding boards

Corresponding to the original Swedish example, 13 mm thick gypsum board with kgypsum=0.22 W/mK heat conduction coefficient
value were used in the previous calculations.

The resultant heat transfer coefficient value of the layer structures does not change essentially when different claddings are
used, because the difference between the heat transfer value of the cladding materials are insignificant.

The materials used in practice in Hungary and surrounding countries:

* gypsum board with thickness of 9-12.5-2x12.5 mm (A _ __ =0.22 W/mK)

* OSB-3 board with thickness of 8-10-12-15-18-22-25 mm (A, ...~0-20 W/mK)

e Betonyp (CK) board with thickness of 8-10-12-14-16-18-20-24 mm (kbemnyp=0.26 W/mK)

So the different cladding boards can be calculated nearly with the same heat transmission coefficient, and their effect consi-
dering to the insulation capacity of the whole layer is usually small. More favourable values can be achieved rather with using
thicker or multi-layered claddings.

The comparison between the heat transmission coefficient of walls containing stud (h=150 mm web height, t=1.0 mm thickness)
and Lg=60 cm distance between the studs and with insulation

A . ,=0.045 W/mK for 2x1 layers and 2x2 layers of gypsum boards with 12.5 mm thickness:

insul-2

U oy W/mMK) Ratio
2x1 layers gypsum boards 0.349 100%
2x2 layers gypsum boards 0.334 95.7%

Figure 17: The effect of changing the cladding on the U -value of the wall
The heat transmission coefficient of the wall became 4.3% better according to using doubled gypsum boards.

2.6 Varying the distance between the slotted studs
By decreasing the distance between the studs, the unfavourable effect on the resultant heat transmission coefficient is getting

higher. This increase is shown in the data that follows (t=1.0 mm; h=150 mm; 1__ =60 W/mK; xcladding=0.22 W/mK; &, ,.,=0.045
W/mK):

Spacing of the studs: L,=0.6m L,=0.4m [,=0.3m

Ur,slotted (W/mzK) 0.349 0.392 0.434

Change in percentage: 100% 112% 124%

Figure 18: The effect of changing distance between studs on the U -value of the wall

Informations are subject to change without notification.
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3. Summary of the Calculated Results

Here all the results are graphically shown in the next Figures (Figure 19 and 20).

Ur (Resultant heat transter coetflclent Wim2K) (Spacing of the studs: Lg=60cm)
o5 w/mbk N
™~ ~ LINDAB C150 non-slotted stud
Q.45 (7/2006.(v.24.)TNM  Ministry|decree requirement) l
WM |, |§| Spacing : 30cm
N .
. LINDAB C100 slotted stud — ~ Spacing :40cm
\\\\X"" — \@smlng 160cm
\:’/\:: = CT50 slofted stud T
Mony, - LINDAB C150 slotted stu
o \\-N G=60cm;E=1mm; X gy =0
e LINDAB C150 slotted stud
R‘»..""“-.._ g=LUCmR=L1,5MM;A ingy| =
M .. —
0.3
W/makK

|0.346

Wooden stud

LINDAB C200 slotted stud
0. 245 [ g = E0em; E=IMM; A gy =0-036

Woaoden stud

0.2 W/mEK

Figure 19: Graphic representation of U_heat transmission coefficient values of the wall (i)

Ur (Resultant heat transfer costiicient Wm2K) {Height of the stud profile: h=130mm)
0.5 W/mBK [
LINDAB C150 slotted stud
- - 0.434
=T0cm =M oy ~0-045 10-434)
0,45 (7/2006.(V.24.)TNM
W/m2K
[
™~ LINDAB C150 slotted stud
0.4 = A=1mmiA jpsul =
T w/mK
—
_lo3 ! e T —
W/m2K } | LINDAB C150 slotted stud e ———
0.340 =50 cmyt=1.5mm; A oy S0.036 = ——
. LINDAB C150 slotted stud
0.25 W/m2K 10-297 =60 cm;t=TmmiX jnsu) =0-036
30 em 40 ecm Lg (Spacing of the studs) 60 cm 70 cm

Figure 20: Graphic representation of U, heat transmission coefficient values of the wall (Il)
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In the following, for the sake of quick thermal design and check, the calculation results are summarized in Design Tables. The
tabulated data provide the resultant heat transmission coefficient U, value [W/m?K] in case of insulated light-weight Lindab const-
ruction made of slotted HRY studs and covered by 12.5 mm thick gypsum board on both sides. The changing parameters are:
e h =web height of the slotted stud that is equal to thickness of the insulation [mm]

e t= thickness of the slotted steel stud [mm]

o Lg = spacing of the slotted studs [cm]
°

L,.., = heat conductivity coefficient of the infill insulation [W/mK]
LINDAB HRY-C200 slotted stud, h=200 mm LINDAB HRY-C200 slotted stud, h=200 mm
o Lg. t=1.0 mm | t=1.2 mm | t=1.5 mm Lg. t=1.0 mm | t=1.2 mm | t=1.5 mm
2 (spacing) 3 (spacing)
S E|30cm 0382 | 0392 | 0425 S ¥ [300m 0330 | 0340 | 0.373
S S
23 40 cm 0.345 0,355 0.388 23 40 cm 0.293 0.303 0.336
iy .y
60 cm 0.297 0.307 0.340 60 cm 0.245 0.255 0.288
LINDAB HRY-C150 slotted stud, h=150 mm LINDAB HRY-C150 slotted stud, h=150 mm
0 Lg. t=1.0 mm | t=1.2 mm | t=1.5 mm © Lg. t=1.0 mm | t=1.2 mm | t=1.5 mm
3 o (spacing) 3 (spacing)
o g(30cm 0.434 0.444 0.477 o £ |30cm 0.382 0.392 0.425
S S
E; 40 cm 0.397 0.407 0.440 E; 40 cm 0.345 0.355 0.388
- .
60 cm 0.349 0.359 0.392 60 cm 0.297 0.307 0.340
LINDAB HRY-C120 slotted stud, h=120 mm LINDAB HRY-C120 slotted stud, h=120 mm
0 Lg. t=1.0 mm | t=1.2 mm | t=1.5 mm © Lg. t=1.0 mm | t=1.2 mm | t=1.5 mm
3 o (spacing) 3 (spacing)
S g30cm 0.483 0.493 0.526 o g 30cm 0.431 0.441 0.474
S I
Eg 40 cm 0.446 0.456 0.489 gg 40 cm 0.394 0.404 0.437
i -
60 cm 0.398 0.408 0.441 60 cm 0.346 0.356 0.389
LINDAB HRY-C100 slotted stud, h=100 mm LINDAB HRY-C100 slotted stud, h=100 mm
o ( LG. t=1.0 mm | t=1.2 mm | t=1.5 mm © LQ. t=1.0 mm | t=1.2 mm | t=1.5 mm
3 o spacing) 3 « (spacing)
o g(30cm 0.534 0.544 0.577 o £ |30cm 0.482 0.492 0.525
S S
é; 40 cm 0.497 0.507 0.540 g; 40 cm 0.445 0.455 0.488
i -
60 cm 0.449 0.459 0.492* 60 cm 0.397 0.407 0.440

Design Table: U -values of wall constructions made of Lindab slotted profiles (W/m?K)
(M 1o =80.0 W/mK; ) =0.22 W/mK; R=0.085 m?K/W)

cladding

According to the regulations of the previous Hungarian Standard, all the results are satisfactory (U, < 0.70). The values typed
with bold numbers fulfil also the stronger requirements of the newer Hungarian Ministry decree that is closer to the European
Norms (U, < 0.45)! In other countries the local regulations and standards should be checked and the appropriate configuration
of the wall construction made of HRY-C slotted studs can be selected by means of the above Design Table.
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D
STATIC DESIGN OF PROFILES WITH SLOTTED WEB

(by Dr. ADANY, Sandor and Dr. DUNAI LaszI6,
Budapest University of Technology and Economics)

1. Introduction

1.1. Aim

This Design Guide discusses the static calculation of Lindab profiles with slotted webs. These profiles, similarly to the usual
Z/C profiles, are produced from thin steel plates by cold-rolling, but their webs are slotted as illustrated in Figure 1.1.The slots
are applied primarily to improve building physics characteristics, since web slots significantly increase heat resistance capa-
city of the section. That is why these sections are used mainly as members of outer walls in light-gauge buildings: C-shaped
sections as columns, U-shaped sections as beams. The range of their application provides constraints for the static models
to be investigated.

NS

1.1. abra: Gerinc perforacicja

1.2. Standard basis of the applied design method

Similarly to many other Lindab design guides, this Design Guide is based on the following two standards: loads should be
calculated according to the relevant Hungarian Standard, while load bearing capacities are calculated in accordance with the
relevant Swedish Codes and practice.

The applied web slots influences not only heat resistance, but also the static behaviour: the web rigidity — especially shear
rigidity — is reduced, which is reflected not only in the reduction of shear strength, but also in the modification of the behaviour.
The so-called Bernoulli-Navier hypothesis (i.e. principle of plain cross-sections), which is universally applied in the analysis of
beams and columns, cannot be accepted, therefore, the well-known formulae and procedures used in case of regular (non-
slotted) sections for the calculation of bending and normal resistance, cannot be kept.

Though the application of slotted-web profiles is a novelty in Hungary and the surrounding Central and Eastern European
countries, they have been applied in abroad (Scandinavia, North America, Australia) for years. This Design Guide, primarily, is
based on the Scandinavian practice, due to the obvious close connection between the Lindab Hungary Ltd and the Swedish
Lindab company. The applied principles and proposed application rules of the current Design Guide closely follow those worked
out and successfully applied at the Swedish Lindab for several years. Thus, the presented principles, methods, formulae can
be regarded as the — essentially identical — Hungarian adaptation of those of Swedish Lindab.

Informations are subject to change without notification.
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2. Geometry and Material Properties of Slotted Profiles

2.1 Geometry

This Design Guide discusses two products:

e a product with C-shaped cross-section, called HRY, and

e a product with U-shaped cross-section, called HSKY.

Both products are available with various cross-section dimensions and thicknesses, as detailed in the following figures and
tables:

| B, |
[ |
r=3
t
A A
| B, |
[ i
Figure 2.1: Lindab HRY and HSKY profiles
A t B, B, L
[mm] [mm] [mm] [mm] [mm]
100 1.0 47 41 16.2
1.2 47 41 16.8
1.5 47 41 177
120 1.0 47 41 16.2
1.2 47 41 16.8
1.5 47 41 177
150 1.0 47 41 16.2
1.2 47 41 16.8
1.5 47 41 177
200 1.0 47 41 16.2
1.2 47 41 16.8
1.5 47 41 177

Table 2.1: Geometrical data of Lindab HRY profiles

Informations are subject to change without notification.
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A t, B, B,
[mm] [mm] [mm] [mm]
100 1.0 56 56

1.2 56 56
1.5 56 56
120 1.0 56 56
1.2 56 56
1.5 56 56
150 1.0 56 56
1.2 56 56
1.5 56 56
200 1.0 56 56
1.2 56 56
1.5 56 56

Table 2.2: Geometrical data of Lindab HSKY profiles

The same geometry of web slots is used for both profiles, as illustrated in Figure 2.2.

<
~ — C ]
<
2
o _
= —>
z
o

_

75 | 25
100 |

Figure 2.2: Geometry of web slots of Lindab HRY and HSKY profiles

2.2. Material properties

Material grade for the Lindab HRY and HSKY profiles: S350GD+2Z275 (MSZ EN 10326).

The most important material characteristics are as follows:

Characteristic value of yield strength:

Modulus of elasticity:

Shear modulus:

Poisson’s ratio:

Characteristic value of the web shear strength*:
Reduction factor for web shear rigidity*:

f,. =350 N/mm?
E =210000 MPa

G = 81000 MPa
v=0,3

7, = 15 N/mm?
1, = 0.04

*The web shear strength and the reduction factor for web shear rigidity have been determined by tests in Sweden.

Informations are subject to change without notification.
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2.3. Geometrical and material properties used in the calculations

2.3.1. Simplified cross-section

As it can be seen from the above tables, HRY profiles are not fully symmetrical, since the two flange widths are not equal. Ho-
wever, in the presented calculations symmetry is enforced, i.e. two identical flanges are assumed with an average width. This
introduces certain small inaccuracy, but has two important advantages: symmetrical cross-sections are theoretically simpler
to handle, and it is not necessary to distinguish between the two possible placements (i.e. wider flange at the bottom, wider
flange at the top) which reduces to half the number of necessary capacity tables. Note that the same assumption is applied
in the Design Guide for (non-slotted) Lindab C-profiles.

2.3.2. Design thickness
The design thickness of the cross-section elements is determined in accordance with [4], by using the following formula:

tmin

095

where:

t.., IS the smallest value of plate thickness allowed in the statistical sample.
It is to be noted that the resulted design thicknesses are smaller than those of other codes, such as Eurocode 3. The reason is
that the reduction in the thickness in the Swedish Code takes into consideration not only the uncertainty in the plate thickness,
but the uncertainty of the yield strength, too (see also below).

2.3.3. Design value of yield strength
According to [4] the design value of the yield strength can be calculated by the following formula:

£
Y Y m¥a
where:

7, the safety factor to consider the uncertainty in the material;
v, the safety factor to consider safety class (which may depend on e.g. the importance of the building, etc.) and may vary
between 1.0 and 1.2.
As mentioned in the preceding Section, the uncertainty of the yield strength is covered by the reduction in the plate thickness,
consequently:

Y, =1.0.

The application of the yn safety factor on the resistance side, that considers the structural function, is unusual in the Hungarian
practice (as well as it is not common in the Eurocodes). In Hungary, for example, the function (and importance) of the given
structural member is taken into consideration partially by the safety factors for the loads (e.g. snow), partially by the rigidity
requirements (which are much stricter than the Scandinavian ones). For this reason this Design Guide accepts the yn value as
given for safety class #1, as follows:

y,=1.0

3. Summary of Design Method

3.1. Introduction

The most important static effect of the existence of web slots is that the web shear rigidity is deteriorated, thus, the Bernoulli-Na-
vier hypothesis for plane cross-sections, which is generally used in beams and columns, is not valid any more. Consequently, the
usual procedures and formulae that are normally used for the analysis of regular (non-slotted) members, cannot be applied.
This Design Guide follows the procedure described in [7] (and summarized in [6], too), which utilizes some parts of the [4 and
5] Swedish Codes for thin-walled cold-formed members. On the basis of the design procedure capacity tables have been
worked out which cover the most frequent practical cases (static model, loading, supports, etc.).

Informations are subject to change without notification.
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Though it is believed that the cases discussed by this Design Guide cover the most important practical cases, there certainly
exist situations that cannot be handled with appropriate accuracy by the static models assumed and discussed here. In these
cases it is proposed to apply the DimStud software that has been developed by Lindab, and which, though uses the same
principles presented here, is more general.

3.2. Assumptions concerning structural details

This Design Guide applies the following simplifying assumptions.

e Both flanges are restrained laterally by some structural or non-structural elements (such as gypsum board or similar), thus,
lateral displacement of the flanges is effectively prevented (at least at the locations of fasteners).

e The gypsum boards (or similar) are fastened to the slotted-web profiles by screws. Screws are equally spaced, and the
screw spacing is identical for both flanges.

e Asymmetry of the slotted-web profiles is neglected (i.e. an average flange dimension is used for both flanges). Consequently,
transverse loads which are acting parallel with the web cause simple bending (and not skew bending).

e |t is assumed that structural detail of girder ends effectively excludes the occurrence of web crippling due to concentric
transverse forces.

3.3. Static model

In this Design Guide the static model as presented in Figure 3.1 is assumed. Namely:

e The girder is a single-span simply supported girder.

e The girder is subjected to an N normal force and a q uniformly distributed load (distributed over the whole length).

e The UDL is parallel with the web.

e The UDL maybe pressure or suction. Due to the speciality of the assumed static model and the forced symmetry of the
cross-section, the loading direction does not make difference, thus, the presented load bearing values can be applied for
both pressure and suction loads.

e The normal force may be concentric or eccentric.

e Concentric normal force does not induce bending, i.e. it is assumed to have a uniform stress distribution over the cross-
section.

e |f the normal force is eccentric, it is assumed that it is acting at the mass centre of one of the flange zones. (For the interp-
retation of flange zones, see Sections 3.5.)

e Though the presented design method can theoretically be applied to either tensile of compressive forces, this Design Guide
considers compression only, since significant tensile force is unlikely to occur in most of practical situations.

Figure 3.1: Static model

3.4. Calculation of loads

Jelen utmutaté nem foglalkozik a terhek felvételének kérdésével. Az alabbiakban csak néhany szempontot foglalunk éssze.

This Design Guide does not intend to give detailed description for how to calculate loads. Some important aspects are men-
tioned as follows.

¢ In Hungary the loads are proposed to calculate according to the relevant [1-3] Hungarian Standards. In other countries, it
should be investigated what is the appropriate code to determine the loads and the safety factors of the load combinations,
which can be used when the checking methods come from Swedish Code.

* Loads must be calculated on the above-described static model.

¢ [tis assumed that slotted-web members are loaded parallel with their webs. Perpendicular loads are assumed to be resisted
by other structural elements.

e The capacity values presented here include the safety factors needed on the resistance side, but do not include safety
factors needed on the loading side. Thus, the presented values should be compared with factored loads (i.e. combinations
calculated with the appropriate safety and combination factors).

e The presented load bearing capacity values do not include the self-weight, thus, self-weight should be taken into consi-
deration during load combination calculation.

Informations are subject to change without notification.



Liﬂdab Wall profiles

D - Static design of profiles with slotted web

3.5. Brief summary of the calculations

3.5.1.Basic idea

The basic idea of the design procedure is that the member is divided into three characteristic zones: two flange zones and the
zone of slotted web part (see Figure 3.2). The two flange zones can resist normal force and bending moment, while the web
zone the shear only. Static equilibrium as well as geometric compatibility must be satisfied for the three zones, which finally
leads to zone forces/moments. It is to be noted that the calculation of zone forces/moments is significantly dependent on the
analyzed static model. Knowing the zone forces/moments, necessary verifications can be performed. These verifications are
partially dependent on the problem (structural details, etc.).

slotted part
of web

Figure 3.2: Cross-section zones

3.5.2. Zone forces/moments

Determination of zone forces/moments requires complicated considerations and resulted in complicated formulae. These
formulae are not detailed here, only some remarks are mentioned as follows.

e The zone forces/moments are dependent on the loading (i.e. distinct formulae can be derived for UDL and for normal for-
ce).

e The zone forces/moments are obviously dependent on the support conditions. In this Design Guide simple supported
girders are considered.

¢ Generally we may say that the slotted web is resulted in a partial interaction between the two flanges, which is reflected
in zone forces/moments as well as distribution of strains and stresses over the cross-section. It practically means that
the real behaviour of the girder is somewhere in between the case of full interaction (i.e. non-slotted web) and the case of
no interaction (i.e. web shear rigidity is zero -> flange zones behave independently of each other). This is demonstrated in
Figure 3.3 where typical stress (strain) distributions are presented for UDL and eccentric normal force.

full partial no
interaction interaction nteraction

M
.

full partal no
interaction interaction interaction

N

(nyomas)

Figure 3.3: Typical stress diagrams
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3.5.3. Checks
In this Design Guide the following verifications are considered:

flange buckling in the plane of the web,

lateral buckling of flanges (perpendicularly to the web),

buckling of the whole member in the plane of the web,

normal force — bending moment interaction for the whole member,
web shear,

deflections.

These verifications are essentially identical to those generally used for thin-walled members. Some important features are
summarized as follows.

When flange buckling in the plane of the web is analyzed, the compressed flange zone is checked against buckling between
screws. In principle, this is a verification of a column. The buckling length is taken as 0.7 times the distance between screws,
since buckling of flanges is partially restrained by the slotted web and other connecting elements (such as gypsum board,
etc.).

In case of lateral buckling of flanges it is assumed that flanges are elastically restrained by some connecting elements (such
as gypsum boards), thus, they are analyzed as columns on elastic foundations. The equivalent (distributed) spring stiffness
can be calculated from the shear stiffness of the screws and screw spacing. Shear stiffness of the screws are determined
from (Swedish) tests. Assumed conservative value is a constant 80 N/mm.

In the case of buckling of the whole member in the plane of the web, it is assumed that the connecting elements (such
as gypsum boards) are not effective against this failure mode. The resistance is defined as the maximum of the following
two: either the buckling resistance of the whole member by considering shear deformations, or the sum of (independent)
buckling resistances of the flanges only. The corresponding critical forces determine which one is the above two may be
governing.

When buckling is checked, the buckling reduction factor is calculated by the formula as defined in [5].

If the member is subjected to a (concentric or eccentric) compressive force, the interaction of compression and bending
must be checked, by considering also second-order effects. The interaction formula as defined in [4] is applied.

The web shear check is formally identical to a shear stress check. The applied shear strength (see Section 2.2), however,
considers not only material yielding, but the complex behaviour of the slotted web, determined by experiments.

In the calculation of deflections the effect of partial interaction between the flanges must be considered, since this effect
lead to larger deflections (than deflections with full interaction between flanges).

It is to be noted that all of the above checks include the consideration of local plate buckling through the application of effective
widths and/or thicknesses, with the assumptions as follows.

Radii at corners are small enough so that their effect can be neglected.

The asymmetry of the C-shaped HRY profiles is neglected, by applying an average flange width (and lip length) for both
flanges. Thus, the presented capacity tables can be used independently of the placement of the section (wider flange at
the top or bottom).

4. Performing the Design by Capacity Tables

4.1. Capacity tables and the used notations
In the Appendix of this Design Guide capacity tables are presented. These tables include the maximal permissible (limit) values
of loads for various cases. The capacity tables use the following parameters:

Type of the profile: HRY or HSKY.

Size of the cross-section, which is given by the h web depth. Possible values: 100, 120, 150 or 200 mm (nominal values).
Nominal value of plate thickness (t ). Possible values: 1.0, 1.2 or 1.5 mm.

Screw spacing d_, (assumed to be the same for both flanges). Assumed values: 100, 300 or 600 mm.

Span L of the girder, which varies between 3.0 and 6.6 m.

The following loading cases are considered:

ULS,q - UDL, capacity values are calculated for ULS

ULS,N,concentric — concentric normal force, capacity values are calculated for ULS

ULS,N,eccentric — eccentric normal force, capacity values are calculated for ULS (the force is assumed to act at the mass
centre of a flange zone)
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e SLS,q- UDL, capacity values are calculated for SLS
e SLS,N,eccentric — eccentric normal force, capacity values are calculated for SLS (the force is assumed to act at the mass
centre of a flange zone)

Remarks:

e Since symmetry is enforced for the cross-section, the 'N,eccentric’ case is valid for both possible eccentricities (i.e. force
may act at upper or lower flange).

e UDL may be either positive (downward, pressure) or negative (upward, suction). The presented values are valid for both.

¢ Normal force is assumed to be compressive. (In case of tension, the presented values can be used only as rough approxi-
mations. This application is not encouraged.)

e There is no deflection from concentric normal force.

4.2. Design by the application of capacity tables
If the structure to be analyzed satisfies the basic assumptions of the capacity tables, the static design can directly be perfor-
med.

ULS calculation:

1. Calculation of governing load combination(s) for ULS (g, c and N o).

2. Determination of maximal permissible loading from the capacity tables (from the relevant ‘ULS’ rows)
(@ s @nd/or N

3. Verifications:
Qus = QimuLs and/or NULS <N

Iim,ULS)'

lim,ULS
4. If UDL and normal force are acting simultaneously, their interaction may be checked approximately as follows:

QuLs + Nurs <1

Qimurs  MimuLs

5. Evaluation of the results and making changes if necessary.

Remarks:

e |f UDL and normal force are acting simultaneously, the normal (compressive) force is usually unfavourable.

¢ In case of concentric normal (compression) force the effect of UDL and the effect of normal force are simply summed in
absolute value.

¢ In case of eccentric normal (compression) force the effect of UDL and the effect of normal force are still simply summed
(in absolute value) if the normal force is acting in that flange which is in compression from the UDL.

¢ If the normal force is acting in that flange which is in tension from the UDL, the maximal stresses from UDL and those of
normal force develop in different locations of the cross-section. In these situations the interaction between the two actions
is usually small, but usually unfavourable. As an approximation on the safe side, the simply sum (in absolute value) of the
two actions may still be applied. More accurate results may be achieved by a more detailed calculation.

¢ For screw spacing which is not included in the capacity tables linear interpolation can be used.

SLS calculation:

1. Calculation of governing load combination(s) for SLS (g, and/or Ng ).

2. Determination of maximal permissible loading from the capacity tables (from the relevant ‘SLS’ rows)
(qlim,SLS and/or NIim,SLS)'

3. Verifications:

and/or N..<N

qSLS = qIim,SLS SLS = " 'lim,SLS

4. If UDL and normal force are acting simultaneously, their interaction may be checked approximately as follows:

Asis Nsis <1

Qimsts  Mim,sLs

5. Evaluation of the results and making changes if necessary.
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Remarks:

e The capacity values have been calculated for L/300 limit. If the actual limit is different, the capacity values should be mo-
dified accordingly, by taking advantage of the linear relationship between loads and deflections. For example, in case of a
limit L/200, the SLS values given in the capacity tables should be multiplied by 1.5, in case of L/150 by 2.0, etc.

e |f UDL and normal force are acting simultaneously, superposition may certainly be used (neglecting second-order effects).
Nevertheless, signs must be carefully handled. The normal force may be favourable or unfavourable, depending on the sign
of UDL and normal force. This question, however, can easily be judged by simple engineering considerations. For example, in
case of positive (downward) UDL the deflection is positive (downward), and a compression force in the upper (compressed)
flange obviously increases the deflection, while a compression force in the lower (tensioned from UDL) flange obviously
decreases the deflection.

It is proposed that the cases which are not covered by this Design Guide should be analyzed by the Lindab DimStud softwa-
re.

4.3. Capacity tables

The capacity tables, as described in Section 4.1, are presented in the subsequent pages. The tabulated (q and N) values are
the capacity (q,,, and N, ) values (for UDL and concentric/eccentric normal force) to be used in the above verification formulae,
separately for ULS and SLS verifications.
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5. Design of Connections

5.1.Type, material and geometry of the fastening element

The connection between the slotted light-gauge profiles can be realized by means of B08 type of self-drilling screws provided
by Lindab. The relevant characteristics of the screw are summarized as follows.

BO08 self-drilling screw with low head

e Material: carbon steel according to Swedish Standard SIS1370 (T8 quality)

(tensile strength: 8.0kN/screw; shear strength: ~5.2kN/screw/sheared area)

e Surface finish: hot-dip galvanized (12 microns of zinc layer; corrosion class C1 according to EN ISO 12944-2)
e Size: 4.8x16mm (tolerance: 3% in diameter; 5% in length of the screw)

e Drilling capacity: maximum 2x1.5=3.0mm

5.2.  Structural details of the connections

Some typical connections can be seen in the next Figures. The connection is generally realized by means of fastenings sub-
jected to shear. The connected members can be fastened with the appropriate number of screws either directly or through
L-profiled angle elements.

HSKY Runner

+——— HRY Stud
. . YVX
A ||| L-Profiled connector Lintel Profile
HSKY Beam
B08
Self-
drilling
Screw
RZ
Secondary
Beam
HRY |
Stud
L-Profile
C-Profiled

BO8 .
Self.

drilling
screw  ——r—Lll¥ 2

HRY
Wall T Closer Beam
Profile LPY

el L-Profile
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5.3. Static design of the fasteners

Static check of self-drilling screws should be undertaken according to Swedish Code [4], as well as the design of the members
themselves are. The safety class 1 is taken into account (see also subchapter 2.3.3.).

Minimal screw distances:

. I :
X X—1
= RE=)
X b
[ ¥
a a a
* From each other: 3d (d is the diameter)
e From the member edge parallel to the force direction: 3d
e From the member edge perpendicular to the force direction: 1.5d

Check of load-bearing capacity

In general, there are two kinds of acting force depending on the load direction for the screw: shearing or tensile force (F, and
F). Let the thickness of the sheet under the screw head be "t”, while the one of the other sheet is "t,”. (Because of this dis-
tinguishing, it is very important to check the designed position of the screw on site!)

F

u

t# Fs

In the function of the direction of the acting load, different failure modes should be taken into account.

In case of shear force (F):

¢ Shearing failure of the screw

¢ Failure of edge of hole in the sheet
e Screw tilting

In case of tension force (F):

¢ Tensile failure of the screw

e Pull-out of the screw from the supporting sheet

e Pull-through (punching through) failure under the screw head

The resistance values of B08 type self-drilling screws for both shear and tension are tabulated in the next subchapter. The
resistances have been determined on the base of laboratory test results and the regulation of the Swedish Code [4].

The application field of the tables is the design of structural profile-to-profile sheared connections (t=1.0-1.2-1.5mm) and pro-
file-to-trapezoidal sheeting, as well (t=0.4-0.5-0.6-0.7mm). This latter use is necessary in case of trapezoidal sheeting applied
as cladding.

Interaction formula in case of tension and shearing force:

2 2
[QJ +[s] <1
Fud Fsd
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5.4.

Design tables for B08 structural self-drilling screw

5.4.1 Shearing resistance (F_; kN/screw)

Fed

. . d=4.8mm
N_o minal I?e3|gn Yield strength
thickness thickness £ (N/mm?) t =t t =25t
t .. (mm) t (mm) v 17 1T
0.4 0.32 250 0.28 0.61
0.5 0.41 250 0.40 0.79
0.6 0.52 250 0.56 0.98
0.7 0.60 350 1.00 1.61
1.0 0.93 350 1.93 2.50
1.2 1.13 350 2.58 3.04
1.5 1.42 350 3.63 3.82
5.4.2 Pull-out resistance (F_,; kN/screw)
FL.CI
?
Nominal thickness Design thickness f, =350 N/mm?
t,___ (mm) t, (mm) d=4.8mm
1.0 0.93 1.02
1.2 1.13 1.38
1.5 1.42 1.93
5.4.3 Pull-through (punching through) resistance (Fud2; kN/screw)
Data for the sheeting under the
screw head (d=8mm)
Nominal .
thickness Yl;el?Ns/:Le;gth
t__(mm) v
0.4 250 0.36 0.32 0.25
0.5 250 0.46 0.41 0.32
0.6 250 0.57 0.52 0.40
0.7 350 0.95 0.85 0.66
1.0 350 1.46 1.32 1.03
1.2 350 1.78 1.60 1.25
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References

In accordance with the above-mentioned basis, the following design standards are referred in this Design Guide:
[1] MSZ 15020 - 86: Design of load bearing structures of buildings. General rules.

[2] MSZ 15021/1 — 86: Design of load bearing structures of buildings. Design loads for buildings.

[8] MSZ 15021/2 — 86: Design of load bearing structures of buildings. Stiffness requirements.

[4] StBK-N5: Swedish Code for Light-Gauge Metal Structures, Swedish Institute of Steel Construction, 1982.

[6] BSK94: Regulations for Steel Structures, Swedish Institute of Steel Construction, 1994.

Further references:

[6] Thoyra, T.: Strength of Slotted Steel Studs, Licentiate Thesis, Royal Institute of Technology, Department of Structural
Engineering, TRITA-BKN. Bulletin 6, 2001.

[7] Norlin, B.: Ofullstandig samverkan i flerskitsbalkar av tra. Del av kompendium i lattbyggnad. Teknisk Rapport, 1997.

Informations are subject to change without notification.



Lindab

Wall profiles

E - Proposed construction solutions (drawing library)

E
PROPOSED CONSTRUCTION SOLUTIONS
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1.1. Layer constructions

LAYER CONSTRUCTION "R1"

232

E - Proposed construction solutions (drawing library)

1. Exterior Wall Construction made of Slotted Profiles

LAYER CONSTRUCTION "R2"

B 50,110 by as B 501

AL 150 150 10
=8 i3 28| ' 2%
4 H - 1
£ {1 P4 g s I. ‘ 7
L) o - LY. et H 2
g B3 . : 4 3
o - a i : r 4
O 5 H e 5
6 1 6
LAYER CONSTRUCTION "R3" LAYER CONSTRUCTION "R4"
a3 150 H,g, 30, 120 33, a5, 150 P 4230 4. 120
- ; 538 =8 %3
oA | WAV WaNS %1 Va NaVaN | Kl s/ s s s =
i -1 1 1 ¢ i 3 7
i... ........... 21 T et e i T i R 2
PO | Ve A7/ 70/ A 3 PPN R o 3
s a 1 e ST 4
3 VA S S A SIS S 8 P VAT SIS SIS 8
¢ 9 0D % 9
LAYER CONSTRUCTION "R5" LAYER CONSTRUCTION "R6"
:1;, 30 43 150300 B 40,25 ,20: ‘i 1} 30 A3 150 49;, 40 f 30 , 100 ,20: ‘ﬁ
£4 16 £8 ) it a3
a 4 1 4 i «_ : ......... S -
“¥ 10 ¢ . SIS ITS | T
2 At . | i 2
|:: 3 I:: < ¢ AN || f 3
| 4 Ep P < 1 ] )
¢ 5 I S 5
< 6 i A Py -—‘1' ]
i1 LT =12
No DESCRIPTION BUILDING MATERIALS
. 15-18 mm fire resistant gypsum board; (1-2)x12,5 mm gypsum board; 16 mm V.100
1| Internal cladding board G.E1 impregnated wooden chipboard; 12-15 mm OSB board; BETONYP board;
2 | Vapour barrier layer Vapour tight foil (S >50 m)
3 | Studs + Insulation 120-150-200 mm LINDAB slotted stud HRY-C + glass wool or rock wool insulation
4 | External cladding board 6-12-15 mm OSB board, BETONYP board, 12,5-15 mm gypsum fibre board; 9,5 mm
9 water-proof gypsum board; 16 mm V.100 G.E1 impregnated wooden chipboard
5 Additional external 3-6 cm polystyrene foam;
insulation 4-6 cm faced mineral wool + wind-tight foil + ventilated air space
6 | External plaster (mortar) Textile glass net + skin plaster; 15-25 mm coarse or scoured plaster, scratch coat
Additional internal
7 |. . 4-5 cm polystyrene foam
insulation
8 | Ventilated air space
9 | Facade brick wall Frost resistant facade brick (clinker)
10 Installation gap prowdgd Lindab hat or Z-profiles
by spacers (secondaries)
Lightweight mounted . :
1 facade cladding E.g. Lindab facade wall cassette cladding
12 | Additional brick wall 10 cm partition wall brick, 12 cm hollow brick, etc.
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1.2. Constructional details, erection proposals

1.2.1. Fixing HSKY runner to support, anchoring

‘____—‘——
HSKY runner should be fixed by every 400mm to Between HSKY runner and the floor base the
the cleaned base (on the roof and on the floor) PD10 polyethene sealant strip must be placed! Do

not apply the screw in the slots.

In case of uneven, rough base wooden wedges Fixing of upper HSKY runner can be solved

and steel angles can be used for levelling and by steel angle, as well. It is better to hide the
fixing. The gap between HSKY runner and the horizontal flange of the angle in the wall.

base must always be filled in by insulation!

The connection of HSKY runners can be solved
by using splices made of HRY profiles

Informations are subject to change without notification.
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1.2.2. Fixing HRY stud to HSKY runner

aes -
Between the end HRY stud and the base the In case of compression studs it is necessary to
PD10 sealant strip must be used. Fixing should be place the AA end stiffener piece into the HRY

made in every 300-400mm. profile before fixing to HSKY runner.

a )

/|

After placing the end profiles, the intermediate HRY studs should be fixed to the flange of the
HRY studs can be positioned into the runners HSKY runner by 2 pcs of B08 structural self-
starting from the edge. drilling screws.

1.2.3. Openings

e ]
e m— :

At the edge of the opening the HRY studs Upper and lower edge of the opening can be
(generally with higher thickness) should be placed provided by HSKY profiles placed as the flanges
as the flanges are out of the opening are out of the opening.
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- |

Then the placing of intermediate shorter HRY The connection between the HRY studs and the
studs is followed under and above the opening. upper/lower HSKY profile around the opening can
be solved by means of LPY L-profiled connection
pieces screwed.

1.2.4. Lintel beams

I F1 i 1

The simplest way of lintel beam is realized by Alternatively, the lintel beam can be made of
means of L-profile YVX that works only together stronger boards (solid wood, plywood, OSB etc.)
with the screwed board, in case of opening width on both sides in case of opening width of 600-
of 600-2100mm. 2100mm).

|

|

In case of higher opening width (>2100mm) For even higher openings (>>2100mm), the lintel
standard C-profiles can be used, connected by beam can be a box section made of C- and HSKY

screwed L-angles LPY. profiles.

Informations are subject to change without notification.
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1.2.5. External board cladding

/

Applying plaster board glue to the studs and
runners in order to temporarily fix the boards.

1 |

L]

Covering the rest of the infill wall with plaster
board until complete cladding.

Alternative external facade claddings:
Additional insulation + plaster, mortar (R1; R2)

i

Fastening the plaster boards with plaster board
screws to the lightweight steel frame.

T

i

il

Simple trapezoidal sheeting (R5)

Lightweight mounted fagade (e.g. wood) (R5)

Informations are subject to change without notification.
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1.2.6. Insulation and vapour barrier foil
——r— T | l H
\1_’1..—j—v—l’-|L o :[L ||
I =

|

O
.
/‘-‘-'w-_...:-_‘:-“ §

Bl

~—all

Placing the mineral wool insulation inside the wall, Fastening the plastic vapour barrier foil with
by filling every space. double sided adhesive tape. Important that the
plastic foil should be tight with no rips!

1.2.7. Szerel6 réteg kialakitasa (vezetékek, szerelvények szamara)

To create an installation layer secondary (spacer) Connection of HRY stud and RZ spacer profile
profiles (RZ or hat) should be used. with 2 pcs of B08 self-drilling screws.
‘\\

Connection of HRY stud, RZ spacer profile and
RCY edge profile around openings.

Informations are subject to change without notification.
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1.2.8. Internal board cladding

After the electrical installation are placed, applying Fastening the plaster boards with plaster board
board glue to the RZ spacer profiles is followed. screws to the lightweight steel frame.

1.2.9. Wall connections

=7 =

g/\/

Wall corner detail #1. Wall corner detail #2:
(horizontal section) in case of hot-rolled steel primary column inside
the wall (horizontal section).
g
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A
Wall T-connection #1: Wall T-connection #2:
between two apartments case of hot-rolled steel primary column inside the
(horizontal section) wall (horizontal section)

Informations are subject to change without notification.
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1.2.10. Floor connections
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Exterior wall — floor connection #1. Exteroir wall — floor #2.
(vertical section) (vertical section)
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Intermediate wall — floor beam connection Doubled partition wall — floor connection between
(3D view). apartments (vertical section)
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Edge profile
for boards
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Exterior curtain wall — Reinforced concrete floor slab connection
(vertical section and 3D view)

Informations are subject to change without notification.
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1.2.11. Connection to lightweight roof structure

Load-bearing exterior wall — wooden truss roof girder connection.

Informations are subject to change without notification.
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2. Layer Constructions of Partition Walls

H_ . =6500 mm

WALLTYPE CROSS-SECTION OF THE WALL Lg=45 cm Lg=60 cm
R, = 34 dB R, =34 dB
E70/70 101 R rosono=32 AB R, cepas=32 IB
[ Sarrwraarerrar PR e P e e T, = 0.5 hour T, =0.5hour
H . =4400 mm H_. =3600 mm
e o R, =350dB R, =35dB
E95/95 101 Cladding: 2x1x12.5 mm gypsum board R’ o50.015=33 dB R'\-cs03150=33 B
T, = 0.5 hour T, =0.5hour
H . =5800mm H_ . =5000mm
R, =42 dB R, =43 dB
E70/70 202 R’y cso-a150=39 dB R',csoa150=40 dB
e T e e e e e T A = | T, = 1.0 hour T, =1.0 hour
H_ . =4600 mm H_.. =4000 mm
AT T T = |R', =44 dB R, =44dB
R . =41 dB R’ . =41 dB
E95/95 202 I w*C50-3150 W'C50-3150
Cladding: 2x2x12.5 mm gypsum board T =1.0 hour T. = 1.0 hour
H . =6300 mm H__ =5500 mm
R, =37 dB R’ =40 dB
5770(;7;1);01 R’ wcso-a150=32 dB R’ -cs0-3150=36 dB
insulation T,=0.5 hour* T,=0.5 hour*
H . = 4400 mm H. ., = 3600 mm
e " e e R, =40dB R, =42dB
59955/9::”101 R, -cs0-3150=36 dB R’ -cs0-3150=36 dB
insulation S P e L T L T A T,=0.5 hour* T,=0.5 hour*
H__=5800 H_=5000
Cladding: 2x1x12.5 mm gypsum board max mm v mm
R, = 42 dB R, =43 dB
E120/120 101 , ,
+ 120 mm R w'050-3150=37*dB R w'050-3150=38*dB
insulation T, =0.5 hour T, = 0.5 hour
H,. = 6600 mm H, .. =5500 mm
R, =50 dB R, =50 dB
E;g/r7n0m202 R',-csoa1s0=44 dB R’ cso-a150=44 dB
insulation T, =1.0 hour* T, =1.0 hour™
H.. = 4600 mm H__ =4000mm
E95/95 202 Nlcloieioiole R, =508 R, =50dB
+95 mm AVIAWEAWAVAVEWAS _ Rw'050-3150=43*fiB R, -cs0.5150=45 dB
insulation e e e T, = 1.0 hour ;I_'r =1.0 hour**
H,. = 6300 mm max = 9900 MM
Cladding: 2x2x12.5 mm gypsum board R =52dB R =53dB
E120/120 202 e J
+120 mm R w'050-3150=44*?B R W.050_3150=44*fiB
insulation T,=1.0 hour T,=1.0 hour

H_.. =5700 mm

Informations are subject to change without notification.
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FALTIPUSA VALASZFAL METSZETE L,=45 cm L,=60 cm
e e e e E T Tt 'n'.: — R, =55dB R, =56 dB
E120/120 303 ) ) _
+120 mm m f R ososimo=48 B  |R’ cspa15=48 B
insulation e el et ke | (T, = 1.5 hour T, =1.5hour
e bl W, = 6800 mm  [H_ = 6000 mm
R, =63dB R, =63dB
DD70/70 202 ) )
+140 mm R’ esoas0=00 B R’ ceo.s150=0 dB
insulation T,=1.0 hour T, =1.0 hour
H,. = 3600 mm H,_. =3100 mm
S S i S S S S PSS R, =658 R’, =65 dB
DD70/70 303 ) ) _
+140 mm R’y cs0-a150=08 dB R’ vcs0-015=60 dB
insulation T, = 1.5 hour T,=1.5hour
e e i e T et ety ettt |H = 3700mm |H_ =3200 mm
Cladding: 2x3x12.5 mm gypsum board
Remarks:

e Acoustic parameters:

- R’, weighted air-borne sound isolation (noise reduction) value can only be achieved in case of correct erection,
air-tight sealants at all connection, both on the surface and edges. The fittings are to be chosen to suit the

requirements from the plasterboard manufacturers’ manuals.

- R

w,C50-3150

* EI6O fire class of rock wool (density = 30 kg/m?)
** EI90 fire class of rock wool (density = 30 kg/m?d).
¢ The maximum allowable height of the partition walls H__ is determined in the tables according to Swedish
Standards (StBK-N5:1982; BSK94) and professional customs, such as:
- In ultimate limit state (ULS), uniformly distributed surface load of 0.35 kN/m? is taken into account (possible wind
load in generally closed internal rooms with some openings);
— In ultimate limit state (ULS), uniformly distributed line load of 1.00 kN/m, acting horizontally in mid-height of the
wall (Hmax/2), this load case is independent from the previous one;
— In serviceability limit state (SLS), uniformly distributed line load of 0.50 kN/m, acting horizontally in mid-height of
the wall (Hmax/2), maximum deflection of H/300 is considered.

is the air-borne sound isolation (noise reduction) in the low frequency range (50-3150 Hz).
» Fire resistance values T, are valid in case of the following insulation::

Informations are subject to change without notification.
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De peste

De ce Lindab?

Lindab are un cuvéant de spus Th Roméania incepand din 1994.

Clientii Lindab au incredere in calitatea produselor, solutiilor si serviciilor oferite.
Peste 90% dintre clientii care au cumparat produse Lindab le-ar recomanda si altora.
Lindab iti ofera intotdeuna consultanta de la A la Z.

Gasesti la Lindab solutii complete de ventilatie.

1
2

3
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5

6. Aila dispozitie o lista a montatorilor de acoperisuri testati de Lindab.

7. Acoperisurile Lindab au trecut testul timpului - de 23 de ani in Romania.

8. Aisiguranta ca primesti cel mai sigur si estetic acoperis din Romania.

9. Lindab produce la comanda si livreaza oriunde in tara in termene incepand de la 48 de ore.
1

0. De ce Lindab? Pentru ca ne pasa! Suntem orientati catre clienti, realisti, ordonati si dam
dovada de bun simt.

Lindab Srl

Sos. de Centura nr. 8, Stefanestii de Jos - llfov 077175
Tel. +4021 2094 100, Fax +4021 2094 124
office@lindab.ro

©Lindab

www.lindab.ro






