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o 4 i R/C SLAB CONNECTION to the R/C beam/slak
asonry walls PERPEND JOINT ~| R/C BEAM _';5))
e between masonry infill —| <
3 ] ' ' and R/C column ('soft' mortar) = =
] o RC frames approx. 1 cm > 2| ¢S
= MASONRY INFILL 8 g
A 3 o| £
2 - @) |
o £

S ogranicenjem medukatnog pomaka na 5 %o [prema EN 1998-1:2004, 4.4.3.2 (1)]:
- ispunsko zide nema znacajan doprinos u ukupnoj krutosti na horizontalna djelovanja
- oStecenja zgrada uslijed potresa su minimalna jer zide moze podnijeti takve medukatne
pomake bez znacajnih ostecenja

(S
J

0 l I (s) '% dr = the design interstorey drift < 5%o

2" "« EUROCODES
S - o BUILDING THE FUTURE EN 1998_1:2004

4 PRORACUN ZGRADA
4.3 Proracun konstrukcije
4.3.6 Dodatne mjere za okvire s ispunskim zidem
4.3.6.1 Opcenito
(4) U betonskim zidnim sustavima ili dvojnim sustavima istovrijednim zidnim
kao i u ukrucenim Ccelicnim ili spregnutim celicno-betonskim sustavima
medudjelovanje s ispunskim zidem smije se zanemariti.
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Fig 2.4 Masonry infill wall — non-structural elements .A 1 ;l;Ccl:lLITT\; ETFUC':‘EII:::?; IENOE;:ISNYG’ Wienerber ger A

According to EN 1998-1, non-structural elements may be verified on seismic load as shown below.

The effects of the seismic action may be determined by applying to the non-structural element a horizontal force Fi
Fa which is defined as follows

Fa=(Sa*Wa*va)/ga [EN 1998-1:2004; (4.24)]

is the horizontal seismic force, acting at the centre of mass of the non-structural element in the most
unfavourable direction

is the weight of the element

is the seismic coefficient applicable to non-structural elements

The seismic coefficient Sz may be calculated using the following expression:

Sa=a*S*[3"(1+zH)/(1+(1-TaT1)?)-0.5] [EN 1998-1:2004; Eq. (4.25))

where:

o - the ratio of the design ground acceleration on type A ground, ag, to the acceleration of gravity g

S -the soil factor

Ta -the fundamental vibration period of the non-structural element

T1 - the fundamental vibration period of the building in the relevant direction

z - the height of the non-structural element above the level of application of the seismic action (foundation or top of
a rigid basement)

H  -the building height measured from the foundation or from the top of a rigid basement

The value of the seismic coefficient Sa may not be taken less than a * S.

is the importance factor of the element, see EN 1998-1:2004; 4.3.5.3
For the following non-structural elements the importance factor ya shall not be less than 1.5
- anchorage elements of machinery and equipment required for life safety systems
- tanks and vessels containing toxic or explosive substances considered to be hazardous to the safety of the
general public.
In all other cases (as exterior wall) the importance factor ya of non-structural elements may be assumed to be
va=1.0

is the behaviour factor of the element
Upper limit values of the behaviour factor ga for non-structural elements “Exterior and interior walls™ [EN 1998-1:2004;
Table 4 4]isga=2.0

" ’ Hrvatska komora arhitekata
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According to EN 1998-1, non-structural elements may be verified on seismic load as shown below.

The effects of the seismic action may be determined by applying to the non-structural element a horizontal force Fi
Fa which is defined as follows

Fa=(Sa*Wa*va)/ga [EN 1998-1:2004; (4.24)]

MASONRY INFILL WALL - Porotherm IZO Profi with Porotherm Dryfix.extra adhesive bonding system ”
Verification according to EN 1998-1 (4.3.5 Non-structural elements) and EN 1996-1 "
Wienerberger

Use this table "as is" - without warranty. Use it at your own risk.

This is an approximate calculation with the following assumptions:

-infill wall is fixed at the bottom (mortar) and at the top (by PU or by two stell 2 dowels/m+maortar)
- plane of failure is parallel to the bed joints

Fa - calculation is carried outon a wall L=1m lang

<« -specific weight of masaonry, v = 7.5 kNim3

- additional permanent load on infill wall (blaster, insulation, other permanent load): W_,, = 0.10 kN/im2

- characteristic compressive strength of masonry: f, = 6.35 MPa [experimental testing, ZAG Ljubljana/Slovenia, 5t P 0550/08-650-3]
-madulus of elasticity. E =7.48 GPa [experimental testing, ZAG Ljubljana/Slovenia, 5t P 0550/08-650-3]

-importance factor of the element: v, = 1.0 [EC8;4.35.3 (2]]

- hehaviour factor of the element: g=2.0 [ECE; Table 4.4

-flexural strength of masanry with the plane of failure parallel to the bed joints: .. = 0.15 MPa [ECS; 3.6.3]

Note: Fullfill only yellow celis
Input data:

Fig 2.4 Masonry infill wall — non-structural elements .A 1
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Steel dowel: @12 mm; L=150 mm
P

+ —General purpose mortar, 15 mm
&
+
f/—GeneraI purpose mortar, 15 mm
RC slab l l / l
| | i
=
[
o
General purpose mortar, 15 mm
RC slab

, 114 \
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plaster

R/C column or wall

R/C beam

cca0.5m

ccal.0m

H dowel: @12 mm; L=150 mm

plaster

Polyurethane foam (PU) or

steel dowel + general purpose mortar

thermal insulation OUTSIDE
|
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150

LVDT
Sm o—l«_i:—
Pressi

270

Stiff, RC reactive wall
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PU - polyurethane foam (Fire Foam)

/PU - polyurethane foam (Fire Foam)

RC slab
8
=2
o~
General plT'pose mortar, ‘15 mm
RC slab

114
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~—PU - polyurethane foam (ordinary foam)

&
4
/—PU - polyurethane foam (ordinary foam)
RC slab /,
S
/ -General purpose mortar, 15 mm
RC slab

Hrvatska komora arhitekata
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Vezivanje za strop:
mort + 2¢12

Vezivanje za strop:
PU pjena - vatrootporna

Vezivanje za strop:
PU pjena - obicna
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Load [kN]
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6 6
Experimental data
Function fit \ :
5 |- | m—(x) = 0.83176*x"exp(-((x-5.5076)/3.4494)%)* H(x-6.1752) 5 w‘ A / _
R? = 0.99464 fJ /,/ V4
| / {
41 = _ 4
4 IJ Top € ) /
— y. /
g f . I F //' e
3t g3 Middle €L a ///.
5}
- Bottom €=
2r ) 2 J v
Pomaci: /
1 7
r - — Middle | |
T Bottom
Top
0 | | | | | 0 - | | | |
0 1 2 3 4 5 6 7 1 0 1 2 3 4 5 6
Ersplacoment [mm) Displacement [mm]
UNIVERSITY OF SPLIT, ’ _
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Viewing results for type SD Viewing results for type PU
Viewing results for type PU-o

Intensity of force in midspan  Horizontal deflectionin - Horizontal deflection at  Horizontal deflection at Intensity of force in midspan ~ Horizontal deflectionin ~ Horizontal deflection at  Horizontal deflection at

[kN] midspan [mm] the bottom [mm] the top [mm] kN] midspan [mm] the bottom [mm] the top [mm] Intensity of force in midspan ~ Horizontal deflectionin  Horizontal deflection at  Horizontal deflection at

Fsoi = 4.6 Sn=35 5=00 5=02 Four = 5.1 5= 6.1 5y=0.05 5202 [kN] midspan [mm] the bottom [mm] the top [mm]
Fsoz=52 Bn=27 =00 8=00 Foun=5.0 =48 8= 0.02 5,202 Fruar = 4.25 Bn=38 =010 5=08
Fson = 5.2 B =48 3=0.0 5=09 Fous=47 -48 8= 0.03 5202 Fpuoz = 2.9 B =24 5,2 0.02 5202
Fspmean = 5.0 Smmean = 3.7 Spymean = 0.0 Stmean = 0.4 Feumean = 4.9 Bmmean = 5.2 Somean = 0.03 iymean = 0.2 Fpyomean = 3.6 Smmean = 3.1 Spmean = 0.06 Btmean = 0.5

Hrvatska komora arhitekata
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T,.=10°C

toplinska izo

T,=10°C

toplinska izo

T.=10°C

T=20°C

A
TR q=30 W/m?2
-~y

toplinska izo

T.=10°C

T,=10°C

T.=10°C

UNIVERSITY OF SPLIT,
FACULTY OF CIVIL ENGINEERING,
ARCHITECTURE AND GEODESY

el An

A U=025W/(m2K) A

250 mm
Cefamic Body

The outside of the wall

®) 5
IStone Wd:ol

320

"

POROTHERM IZO PROFI 32 wall: Heat flux q

Ceramic body:

Thermal conductivities in the direction of X, Y KXX=KYY= 0.18 W/(m-K)
Densityr = 1450 kg/m3; Specific heat ¢ = 900 J/(kg-K)

Thermal isolation (stone wool):

Thermal conductivities in the direction of X, Y KXX=KYY=0.034 W/(m-K)
Density r = 50 kg/m3; Specific heat ¢ = 1030 J/(kg-K)

Convective heat transfer coefficient: U = 0.25 W/(m2-K)

R/C wall with thermal insulation (+ stone wool outside):

Concrete:

Thickness of concrete wall: t =0.20 m

Thermal conductivities in the direction of X, Y: KXX=KYY= 2.6 W/(m-K)
Density p = 2400 kg/m3; Specific heat c = 1000 J/(kg-K)

Thermal isolation (mineral wool) - ETICS:

Thickness of mineral wool: t=0.133 m*

(*thickness chosen to obtain equal value of U for both walls)

Thermal conductivities in the direction of X, Y KXX=KYY=0.034 W/(m-K)
Density p = 50 kg/m3; Specific heatc = 1030 J/(kg-K)

Convective heat transfer coefficient (R/C wall with thermal insulation):
U =1/ (2 t/KXX,) = 1/(0.20/2.6+0.133/0.034) U = 0.25 W/(m2-K)

!

Wienerberger A

Hrvatska komora arhitekata

250 mm

The outsidé of the wall

Stone Wool

ConoErete

133

200

333 mm

S

Heat flux q
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Transientna analiza provodenja topline — ravninski problem:

3. Governing equation
The material obeys Fourier’'s law of heat conduction: stone Wool
q=—Ko
0x Concrete
where:
q.... the rate of heat flow conducted per unit area
K ... the thermal conductivity tensor for the material ;;2;;;%;;;;;;;;;;;;;
z—z ..... the temperature gradient vector in Cartesian coordinates.
The general equation for heat conduction in solids is
d K oT d k aT _ oT
5 () * 3 @)] T4y
[Stone Wool] [ ]
where:
o 2 the mass density of the material l ‘ l ‘
C orveens the specific heat [ H }
t o the time \ H ‘
| |
and may be generally subjectedto one or more of the followingboundary conditions. g;;;;;;;;;g;g;;;;;;g

Equationis solved by Finite Element Method (2D problem).

UNIVERSITY OF SPLIT, "” _
r A FACULTY OF CIVIL ENGINEERING, A Hrvatska komora arhitekata
| I ARCHITECTURE AND GEODESY Wienerberger o+
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am
19.29
1856
1756
1715

16435

1572
Stone Wool
15.00
14.29
13.57
1256
12.14
ML
10.00
SMAPSHOT MUMBER = 256 AT TIME ZOME = 1.536E+05

Temperature field after t = 153600 sec = 2560 min = 42 hours 40 min

UNIVERSITY OF SPLIT, ""
Hrvatska komora arhitekata

rA FACULTY OF CIVIL ENGINEERING, A
. 1 ARCHITECTURE AND GEODESY Wienerberger )




[Stone Wool] [ ]

L |
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2014

1942

16.70

17497

1725

1652

1580

1507

1433

1362

12480

1217

1143

1072

10.00

SMAPSHOT MUMBER = 75 AT TIME ZOME = 7 .500E+03

Temperature field after t = 7500 sec = 125 min = 2 hours 5 min

UNIVERSITY OF SPLIT, "" _
’ . A 1 FACULTY OF CIVIL ENGINEERING, " Hrvatska komora arhitekata
| T

ARCHITECTURE AND GEODESY Wienerberger
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DISPLAY IV - GEOMETRY M NG TEM (1.5.0) PREFC MODULE

£ 10
.......... -
1072

1 542E+05

Stone Wool

Concrete

video

UNIVERSITY OF SPLIT,
r ' My .
A 1 FACULTY OF CIVIL ENGINEERING, A Hrvatska komora arhitekata
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Ispunsko zide: Toplinska svojstva

Stone Wool

UNIVERSITY OF SPLIT,
Y
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tro10c=0 tr10c=0
S
T,=10°C g T,=10°C
z e
N =
_? (o}
c 2

<t

<t

<t

<t

tT=1 0°c T=20°C tT=1 0°C

T=X°C T=x°C ~ ‘T=20°C
Q
T,=10°C = T,=10°C
i
T2
_: = Ciljanu temperaturu na unutarnjoj strani zida od
@S T, = 20.0 9C konstrukcija postize za:
= 2 sata 5 min - POROTHERM I1ZO PROFI 32 zid
= 42 sata 40 min — a/b zid s toplinskom izolacijom izvana
tr00c=42 hours 40 min tiec=2 hours 5 min (kamena vuna)
U zgradi od POROTHERM 1ZO PROFI 32 blokova potrebno
T,=10°C T,=10°C je 40 sati i 35 minuta manje (uz toplinski tok g=30 W/m?2),

toplinska izo

a-b zid

UNIVERSITY OF SPLIT,
rA 1 FACULTY OF CIVIL ENGINEERING,
] ARCHITECTURE AND GEODESY

za postizanje temperature na unutarnjoj strani zida T, =
20.0 OC te je usteda energije:

Q.. = 40.6 sati * 30 W/m2 = 1.217 kWh/m2

"” Hrvatska komora arhitekata

Wienerberger A
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Porotherm Profi System / Masonary - Family house (up to 3 storeys)

Dominant loads

Gravity loads
Loft

1st floor

Ground floor

Seismic (earthquake) load

Hrvatska komora arhitekata

A UNIVERSITY OF SP. =
r < FACULTY OF CIVI ,
] 1 ARCHITECTURE AND GEODESY Wienerb




Porotherm Profi System / Masonary - Family house (up to 3 storeys)

Rules for

“simple masonry buildings” - EC8 " ".EUROCODES

* BUILDING THE FUTURE

Earthquake force VS Wall area (p, ,i,.) VS Number of floors allowed

Tablica 9.3(HR) — Dopu&teni broj katova » iznad temeljnog tla i najmanje plostine poprecnih
presjeka nosivih zidova pj, ,,;, U Svakom smjeru izrazene kao postotak bruto tlocrtne plostine

kata za ,jednostavne zidane zgrade*

m————— T

Ed_LJ_L1l_L

Napomena 1:
Napomena 2:
Napomena 3:

Napomena 4:
Napomena 5:

Napomena 6:

Napomena 7:

Vrsta zida
Broj katova ; ; )
" nearmirano nearmirano omedeno nearmirano omedeno
a,=0,05 a,=0,10 a,=0,20 a,=0,30
Sa(D) 0,075 0,156 0,30 0,24 0.45 0,36
1 2,0 2,0 2,0 2,0 3,0 3,0
2 20 20 25 2,0 6,5 3,0
3 2,0 2,0 3,0 2.5 - 6,5
4 20 20 50 3.0 - -
Zagreb—
5 2,0 2,0 6,9 5,0 - c cos
Ued /70

Prizemlje se broji kao kat. Ne broji se prostor ispod krova, a iznad punog kata.

Sd(T) = ag § (2,5/g)

Za spektar tipa 11tip B temeljnog tla 5§ =1,2.

Za nearmirano zide g = 2,0 pa je 54(T) = 1,5 a,.

Za omedeno zide g =25 paje S4T)=1,2 a..

Faktor vaznosti zgrade 3= 1,0.

Parcijalni koeficijent sigurnosti za materijal y» = 2,0 za stalno | promjenjivo opterecenje, a = 1,5 za izvanredno
(potresno) opterecenje (vidjeti tofku 9.6(3) norme HRN EN 1998-1:2011 i tocku 2.51 ovog dokumenta).

Karakteristitna vlagna ¢vrstoca zida odredena ispitivanjem /3 = 0,3 N/mm®.

Karakteristifna posmitna ¢vrstoca zida fx u skladu s normom HRN EN 1996-1-1:201Y: fix = fae+ 0,403, = 0,3 + 0 4oy za
mortove M10 i TM10 i opene zidne elemente skupine 2, tlatne Evrstoce £=10 N/mm?.

Omedeno zide primjenjivo je i za a;= 0,05 i a.= 0,10.

[%]
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Family house in Zagreb
3 storeys

Porotherm Profi System / Masonary - Family house (up to 3 storeys)

Minimum area of shear walls for
»Simple masonry buildings”:

POROTHERM PROFI + Total gravity load
Dryfix.extra + G+Q =30 kN/m2
Pa total = 2 X 6.5% = 13% R/C confining elements
3
2 " |
6.5 [%]
1

) LR
S =

6.5
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Porotherm Profi System / Masonary - Family house (up to 3 storeys)

Total specific gravity load G+Q =30 kN/m?
Specific area of masonry wall (6.5%): 0.065 m?/m
Specific normal stress in masonry (for ideal position of the walls): fi specia. = 0.030 [MN] / 0.065 [m2/m] = 0.46 MPa
Increase of stresses due to unfavourable (accidental and nonsymmetrical ) position of the walls: 2X
Specific normal stress in wall: fi spec. = 0.46%2 = 0.92 MPa
The partial factor for materials (mean value): v = 2.2
The reduction factor for slenderness and eccentricity: ®=0.75
Constant K (according to group of masonry units, Group 2): K=0.70
Minimum required compression strength of masonry: fi reqmin. = fispec. ¥ Ym / @ =0.92%2.2/0.75 = 2.7 MPa
Minimum required compression strength of block: foreqmin. = (fispec. / K083 = (2.7 /0.70)A1/08) = 4.9 MPa

Minimum required compression strength of block:
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