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SAZETAK:

U uvodnom dijelu rada prikazano je ponasanje drvenih konstrukcija u pozaru kroz opis metoda
pozarnog prorac¢una konstrukcija. Nadalje, u drugom dijelu rada napravljen je vizualni pregled
dijela krovita Stare gradske vije¢nice u Zagrebu, Cirilometodska ul. 5, 10000, Zagreb, zona
5. Nakon vizualnog pregleda konstrukcije provedena je ocjena mehanickih karakteristika
elemenata krovista nerazornim ispitivanjima pomocu vlagomjera i rezistografa. Na temelju
prikupljenih mehanickih i geometrijskih karakteristika kroviSta te sagledavanja statickog
sustava krovista, pristupilo se izradi statickog modela krovista u programu Dlubal RFEM 6 i
izradi proracuna nosive konstrukcije. Proracun se sastoji od provjere grani¢nih stanja nosivosti
I uporabljivosti prema Eurokodu 5: Projektiranje drvenih konstrukcija te prema hrvatskim
nacionalnim dodacima za projektiranje drvenih konstrukcija.

KLJUCNE RIJECI: drveno kroviste, ocjena stanja, nerazorna ispitivanja, ra¢unski model,
pozar

SUMMARY:

In the introductory part of the paper, the behavior of wooden structures in a fire is presented
through a description of the methods of fire calculation of structures. Furthermore, in the
second part of the work a visual inspection of part of the roof Old Town Hall in Zagreb,
Cirilometodska St, 5, 10000, Zagreb, zone 5 was made. After a visual inspection of the
structure, an evaluation of the mechanical characteristics of the roofing elements was carried
out by non-destructive testing using a hygrometer and a resistograph. Based on the collected
mechanical and geometrical characteristics of the roof and analyzing the static system of the
roof, the creation of a static model of the roof in the Dlublal RFEM 6 program was made, as
well as a static calculation of it. The calculation consists of checking the limit states of load
capacity and serviceability according to Eurocode 5: Design of wooden structures and
according to the Croatian national annexes for designing of the wooden structures.

KEY WORDS: wooden roof, Assessment, nondestructive testing, FEA model
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1. UvVOD

Ovaj rad se sastoji od dva klju¢na dijela. U prvom dijelu rada prikazat ¢e se ponaSanje drvenih
konstrukcija u poZaru kroz opis metoda pozarnog prorac¢una konstrukcija. U drugom dijelu rada
¢e se dati vizualni pregled dijela krovista Stare gradske vije¢nice u Zagrebu, ocjena mehanickih
karakteristika elemenata krovista nerazornim ispitivanjima pomocu vlagomjera i rezistografa.
Na kraju ¢e se izraditi staticki model i proracun krovista dokazom grani¢nih stanja nosivosti i
uporabljivosti.

Drvene konstrukcije u gradevinarstvu izvode se kao monolitne ili kao lijepljene lamelirane
(sloZeni poprecni presjeci). Drvo je prirodan, ekoloski visokovrijedan i tehnicki svestran
materijal koji posljednjih godina ponovo dobiva na znacenju. Osnovne mehanicke, fizikalne i
kemijske znacCajke drva od presudne su vaznosti za njegovu raznovrsnu primjenu u
graditeljstvu [1]. Ujedno je organski i anizotropni materijal kao i zapaljiv materijal.

Vrijeme do zapaljenja drvene konstrukcije, karakteristike procesa izgaranja i otpornost protiv
pozara drvenog elementa ovise o nizu faktora: vrsti presjeka, dimenzijama presjeka, stupnju
vlaZnosti. Razaranje drvenih elemenata vatrom je pravilno i moZe se unaprijed odrediti.
Grani¢na linija izmedu izgorjelog i joS zdravog dijela drvenog elementa je jasna. Neosteceni
dio presjeka, odnosno elementa kao cjeline, ima ista mehanicka svojstva kao 1 prije pozara.
Prema tome, kod drvenih elemenata treba uzeti u obzir samo ¢injenicu da je doSlo do
degradacije popre¢nog presjeka, bez degradacije mehanickih svojstava u preostalom dijelu

presjeka, kako je prikazano na slici 1.
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Slika 1. Mehanizam otkazivanja nosivosti drvenih elemenata u pozaru [2]



Degradacija poprecnog presjeka drvenog elementa prikazana je na sljedecoj slici:

‘ Sloj pirolize
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Slika 2. Degradacija poprecnog presjeka drvenog elementa

Pri proracunu drvenih elemenata u poZarnim situacijama promatramo samo nepromijenjeni dio
ispod pougljenog sloja koji ima pocetne vrijednosti temperature i mehanickih svojstava.
Poznavanje ovog fenomena moze u odredenim scenarijima omoguciti odredivanje vremena od
trenutka zapaljenja do samog sloma. U realnoj pozarnoj situaciji ispod pougljenog sloja nalazit
¢e se sloj pirolize koji nije pougljen ali mehanicka svojstva drva su izmijenjena uslijed
djelovanja visoke temperature. Upravo na temelju ove dvije konstatacije postoje dvije metode
proracuna drvenih elemenata [3, 4]:
e metoda smanjenja poprecnog presjeka,

e metoda smanjenja mehanickih svojstava.

Prilikom odredivanja sigurnosti drvenih elemenata za zahtijevano vrijeme otpornosti na pozara
(R30, R60, R90, ...) potrebno je dokazati da proracunska vrijednost djelovanja Eqf je manja
ili jednaka proracunskoj otpornosti konstrukcijskog elementa i konstrukcije u cjelini Ry fi:

Eyi <Rys.

dfi =
Eafi predstavlja proraunsku vrijednost djelovanja za izvanrednu (poZarnu) proracunsku
situaciju 1 moze se odrediti redukcijom djelovanja za atmosfersku temperaturu uz pomoc¢

faktora redukcije #si:
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Grafikon 1. Faktori redukcije prorac¢unske vrijednosti djelovanja Eq
gdje je:
W kombinacijski faktor za Ceste vrijednosti promjenjivih djelovanja u pozarnoj
situaciji (yw, ili y,,)
Ucinak djelovanja Eq i dobije se iz izraza:
Eyq <nE,
Kod odredivanja uc¢inaka djelovanja na nosivu konstrukciju potrebno je u obzir uzeti toplinske
karakteristike materijala drva:
e specificni toplinski kapacitet,

e koeficijent toplinske vodljivosti.

Vrijednosti specifi¢nog toplinskog kapaciteta u ovisnosti od temperature 6 dani su u tablici [2]:

Temperatura [°C] Specificni toplinski

kapacitet [kJ/kgK]
20 1.53
99 1.77
99 13.60
120 13.50
120 2.12
200 2.00
250 1.62
300 0.71
350 0.85
400 1.00
600 1.40
800 1.65
1200 1.65

Tablica 1. Specificni toplinski kapacitet u ovisnosti od temperature 0



Koeficijent toplinske vodljivosti drva u ovisnosti od temperature 0 dan je u tablici [3]:

Temperatura [°C] Koeficijent toplinske
vodljivosti [W/mK]
20 0.12
200 0.15
350 0.07
500 0.09
500 0.35
800 1.50

Tablica 2. Koeficijent toplinske vodljivosti drva u ovisnosti od temperature 0

Redukcija mehanickih karakteristika drva na visokim — pozarnim temperaturama dana je na

sljede¢im slikama [3]:
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Slika 3. Redukcija mehanickih karakteristika — ¢vrsto¢a drva na odredenim razinama

temperature
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Slika 4. Redukcija mehanickih karakteristika — modula elasti¢nosti (posmika) drva na

odredenim razinama temperature

Za odredivanje mehaniCke otpornosti potrebno je prvo odrediti proracunske vrijednosti

¢vrstoce f i | krutosti materijala Sqsi prema definiranim izrazima:

gdje je:

f20

mod,fi

fd,fi =k

M fi

820
mod,fi
M.fi

Sei =K

fos proracunska ¢vrstoca u poZzaru,

Sgi  proracunsko svojstvo krutosti (modul elasti¢nosti Eq i ili modul posmika G i)
u pozaru,

Ty 20 postotna fraktila svojstva ¢vrstoce pri uobicajenoj temperaturi,

S,, 20 postotna fraktila svojstva krutosti pri uobi¢ajenoj temperaturi,

k

mai  Taktor izmjene za pozar,

Yus  parcijalni koeficijent sigurnosti za drvo u poZaru (vrijednost 1.0).



Proracunska vrijednost mehanicke otpornosti Ry fi (SPOSObnost nosivosti) proracunava se po
izrazu:

R
Rd,ﬁ = T]A

M, fi
gdje je:
- Ry;  proracunska vrijednost mehanicke otpornosti u pozarnoj situaciji u vremenu t,
R,, 20 postotna fraktila vrijednosti mehanicke otpornosti pri uobicajenoj
temperaturi bez ucinaka trajanja opterecenja i sadrzaja vlage (Kmod=1),
-0 faktor pretvorbe,
- Yuws parcijalni koeficijent sigurnosti za drvo u poZzaru.
20 postotna fraktila ¢vrstoce ili svojstva krutosti proracunava se kao:
fzo = kfi 'fk
gdje je:
- Sk 5 postotna fraktila svojstva kruutosti (modul elasti¢nosti ili modul posmika) pri

uobiCajenoj  temperaturi.

Vrijednosti ks dane su u sljedecoj tablici [2]:

Materijal ki

Cjelovito drvo 1.25
Lijepljeno lamelirano drvo 1.15
Plo¢e naosnovi drva 1.15
Lamelirana furnirska grada 1.10
Spojevisboc¢nimelementimaod drvaiplo¢anaosnovidrvaiboéno 1.15
opterecenim spajalima

Spojevi s vanjskim ¢elicnim elementima i bo¢no optere¢enim spajalima 1.05
Spojevi s 0sno optere¢enim spajalima 1.05

Tablica 3. Vrijednosti ks



2. PROJEKTNI DIO

Pregled i provjera drvenog krovista Stare gradske vije¢nice u Zagrebu

Projektni dio zavr$nog rada sastoji se od pregleda krovista zagrebacke Stare gradske vije¢nice
i provodenja nekoliko nerazornih ispitivanja s ciljem utvrdivanja stanja u kojem se kroviste
nalazi. Ispitivanja su provedena vlagomjerom kojim je utvrdeno da je drvo u 2. razredu

uporabljivosti. Osim toga, provedena su ispitivanja rezistografom.

Kroviste vijeénice podijeljeno je u pet zona, a u sklopu ovog rada bilo je vazno proracunati
provjere po grani¢nim stanjima nosivosti i uporabljivosti prema Eurokodu 5 za proraun
drvenih konstrukcija za 5. zonu samog krovista. Model krovista nacrtan je u programu Dlublal
RFEM 6. Cilj ovih provjera bio je utvrditi zadovoljava li trenutno stanje kroviSta uvjete
sigurnosti nosivih konstrukcija (GSN i GSU) [5, 6]. U proracunu nosive konstrukcije uzeta su
sva relevantna djelovanja na konstrukciju. Rije¢ je o vlastitoj tezini konstrukcije, dodatnom

stalnom opterecenju, optere¢enju vjetrom i opterecenju snijegom.

U nastavku su prikazane slike krovista i rezultata mjerenja.

Slika 5. Kroviste 1



Slika 7. Detalj krovista 1



Slika 9. i Slika 10. Prvo mjerenje vlagomjerom
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Slika 11. Drugo mjerenje vlagomjerom

Slika 12. Drugo mjerenje vlagomjerom

U nastavku su prikazani rezultati zavr§nog statickog izvjestaja izradenog u programu Dlublal
RFEM 6.
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14 DIMENZLJE

vc‘I‘*x

z

In Axonometric Direction

Dimensions [m]

I www.dlubal.com

F RFEM 6.02.0063 - Genoral 3D struchures sotved using FEM

(=

17



Rina Boko Madek: Daw 1162023 FPogs  8/77
Kaéiceva 26, 10000 Zagreb Rina Boko 5z0nd. Shaet 1
> N MODEL

In Axonometric Direction
Colors of Rendered Objects

Node | Disploy Properties
Line | Display Properties
Membe- | Member Type
M Beom

‘ B Truss (only N)

y-‘I“‘x

Z
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16 MEMBER SETS - NUMBERING

—

¥

L T ’z’z‘f?”‘

243 55,9271

b "'ZZLZ :

248 204oc2

L abssiiti

In direction +Z

5370m
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Rina Boko Madek:
Katiceva 26, 10000 Zagreb

Do 1142023  FPags 10/77

Rina Boko 5.zona Sheet 1
MODEL
2 ' Types for Nodes a1
21 . NODAL SUPPORTS
Glabal Coordinate System | Support Translation Spring [kN/m] Rotation Spring [kNm/rad]
PO i [ No. | Nodes No. Coordinate System Cux Cuy Cuz Cox Cox Coz
. T [Eyny 00 s
z 1, 1 - Global XYZ = O O X
3,4,9,13/18,22,27,40,45,
47,49,50,54,59,62,66.,67
| .71,73,75,78,82,90,93.9
F 7,98,102,104,106,109,11
% | 3,116,121,124,128,129,1
. 33,135,137,140,144,147
1162,156,459,160,164,1
66,168,171,175,178,183
1,186,190,191,195,197,1
| 99,201,202,206,209
:
3 Typesfor Members oa
31 MEMBER HINGES
Hinge “Coordinate Translation Spring [kN/m] Rotation Spring [kNm/rad]
No. System Cux Cuz Cox Coy Cox
1 000 0OMM | Local xyz " ) i
Local xyz O [ O [ X &
4 . Types for Timber Design en
41 . SERVICE CLASSES
Class Assigned to Service Class
No. Members Member Sets _ Surfaces. Surface Sets Type Comment
1 Service Class 1 (Members : 1-4,6-11,16-19,24,25,34,35,40-50,52-272)
1-4,6-11,16-19,24,25, I 1-Dry
34,35,40-50,52-272
5 Load Cases & Combinations ™
51 LOAD CASES
Lc N Y 3
No. Settings > Value Unit  To Solve
1 Self-weight
Analysis type Static Analysis
Static analysis settings SA1 - Geometrically linear
Action category WEW Permanent
Self-weight - Factor in direction X 0.000 -
Self-weight - Factor in direction Y 0.000 -
Self-weight - Factor in direction Z 1.000 -
Load duration Permanent
2 1@s’ Snijeg
Analysis type Static Analysis [x4]
Static analysis settings SA1 - Geometrically linear
Action category @8 Snow/ice loads - Finland, Iceland, ...
Load duration Medium-term
3 [e1 Vijetar
Analysis type Static Analysis X
Static analysis settings SA1 - Geometrically linear
Action category [* Wind
Load duration Short-term

www.dlubal.com RFEM 6.02.0063 - Genoral 3D struchures sotved using FEM
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Rina Boko Model: Dol 1142023 Fogs  11/77
Kagiceva 26, 10000 Zagreb Rina Boko 5.zona Sheet 1
MODEL
52 . ACTIONS
‘Action
| No. Settings Value Active
1 Permanent
Action Category Permanent
Action Type Simultaneously
A @8 Snow/Ice loads - Finland, Iceland, ...
Action Category @81 Snow/Ice loads - Finland, Iceland, ...
Action Type Alternatively
3 l’m Wind
Action Category 1 Wind
| Action Type Alternatively

53 DESIGN SITUATIONS

No. Settings

Value

1 | WM#S ULS (STRIGEO) - Permanent and transient - Eq. 6.10

Design situation type
‘Combination wi:
) Consider inclu:

clusive load cases

2 | {SCHh. SLS - Characteristic
Design situation type
Combination wizard
Consider inclusive/exclusive load cases

3 EHeT SLS - Quasi-permanent
Design situation type
Combination wizard
Consider inclusive/exclusive load cases

54 ACTION COMBINATIONS

AC
No. Settings
1 (ULS | 1.35*A1
Design Situation
Generated load combinations
Generated by

2 HUEEH 7 1.35° A1+ 1.50 *A2
Design Situation
Generated load combinations
Generated by

3 [ULS | 1.35%A1+1.50*A2 +0.90 * A3
Design Situation
Generated load combinations
Generated by

4 RUESE 70 1.35°A1+1.50*A3
Design Situation
Generated load combinations
Generated by

5 LULS | 1.35"A1+1.05"A2+1.50 “A3
Design Situation
Generated load combinations
Generated by

6 sch A1
Design Situation
Generated load combinations
Generated by

7 ScCh A1+A2
Design Situation
Generated load combinations
Generated by

8 SCh  A1+A2+0.60"A3
Design Situation
Generated load combinations
Generated by

RUE] ULS (STR/GEO) - Permanent and transient - Eq. 6.10
2
O

S.Ch SLS - Characteristic

1
{8

! BXeT SLS - Quasi-permanent
1
O

Value

BUE3 DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10
1
Design Situation No. 1

| IS DS1 - ULS (STRIGEO)- Permanent and transient - Eq. 6.10
2 ;
Design Situation No. 1

HU/EE DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10
3

Design Situation No. 1

WW%:F DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10
4

Design Situation No. 1

RUESE DS1 - ULS (STRIGEO) “Pérmanent and transient - Eq. 6.10
5
Design Situation No. 1

S/Ch DS2 - SLS - Characteristic
6
Design Situation No. 2

S'Ch DS2 - SLS - Characteristic
7
Design Situation No. 2

SICh DS2 - SLS - Characteristic
8
Design Situation No. 2

Active

Active

I www.dlubal.com
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Rina Boko Model: Dowm 1142023 Fogs  12/77
Kaéiceva 26, 10000 Zagreb Rina Boko 5.zona Sheet 1
MODEL
54 © ACTION COMBINATIONS
" Ac
| No. Settings Value Active
9 Sch Al +A3
Design Situation S Ch DS2 - SLS - Characteristic
| Generated load combinations 9
Generated by Design Situation No. 2
|
10 | SCh | A1+0.70"A2+A3
Design Situation SICh DS2 - SLS - Characteristic
», Generated load combinations 10
I Generated by Design Situation No. 2
| N |som 160°A1
Design Situation [T DS3 - SLS - Quasi-permanent X
Generaled load combinations 1
Generated by Design Situation No. 3
| )
12 EEBE _A60°A1+1.127A2 B
Desinn Situation o1 DS3 - SLS - Quasi-permanent X
Génerated load combinations 12
l Generated by Design Situation No. 3
130 EIOT]  1.60FA1+1.12°A2+0.60° A3
Design Situation S)eT DS3 - SLS - Quasi-permanent
Generated load combinations 13
Generated by Design Situation No. 3
14 S Qo} 1.60 *A1 +A3
Design Situation EJeT DS3 - SLS - Quasi-permanent
Generated load combinations 14
Generated by Design Situation No. 3
15 S Qo 1.60 *A1+0.82*A2 +A3
Design Situation E¥eT3 DS3 - SLS - Quasi-permanent
Generated load combinations 15 > )
Generated by {Design Situation No. 3
55 LOAD COMBINATIONS
co X B
No. Settings & Value Unit  To Solve
1 EOEY 1.35° LC1
Analysis type Static Analysis X
Static analysis settings SA1 - Geometrically linear
Design Situation MUI%E DS1 - ULS (STRIGEO) - Permanent and transient - Eq. 6.10
Load duration Permanent
2 N8/ 1.35" LC1+ 1,50 * LC2
Analysis type Static Analysis
Static analysis settings SAT1 - Gfeomem’cally linear
Design Situation HUEE DS1- ULS (STR/GEO) - Permanent and transient - Eq. 6.10
Load duration Medium-term
3 HU[EY 1.35° LC1 +1.50 " LC2 + 0.90 * LC3
Analysis type Static Analysis
Static analysis settings SA1 - Geomeuically»linearr J g
Design Situation HNE=H DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10
Load duration Short-term
4 EREH 1.35°LC1+1.50°LC3
Analysis type Static Analysis
Static analysis settings SA1 - Geometrically linear
Design Situation HUESE DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10
Load duration Short-term
5 HOIEH 1.35°LC1+1.05°LC2+1.50 * LC3
Analysis type Static Analysis 5
Static analysis settings SA1 - Geometrically linear
Design Situation HUES DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10
Load duration Short-term |
6 SCh LC1
Analysis type Static Analysis
Static analysis settings SA1 - Geometrically linear
Design Situation SCh DS2 - SLS - Characteristic
Load duration Permanent
i SCh LC1+LC2
| www.dlubal.com F RFEM 6.02.0063 - Generul 3D alruckures solved using FEM | | @

22



Rina Boko Model: Dowm 1142023 Foge  13/77
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MODEL
55 '\ LOAD COMBINATIONS
' co
| No. Settings Value Unit  To Solve
Analysis type Static Analysis X
Static analysis settings SA1 - Geometrically linear
| Design Situation S'Ch DS2 - SLS - Characteristic
: Load duration Medium-term
8 SICh LC1+LC2+0.60"LC3
Analysis type Static Analysis
», Static analysis settings SA1 - Geometrically linear
Design Situation SICh DS2 - SLS - Characteristic
Load duration Short-term
| 9 ...SCh LC1+LC3
Analysis type Static Analysis X
Static analysis settings SA1 - Geometrically linear
| Design Situation SCh DS2 - SLS - Characteristic
‘ Load duration Short-term
10 ISCh LC1+0.70 " LC2 +LC3
Analysis type Static Analysis
Static analysis settings SA1 - Geometrically linear
|.Design Situation S Ch DS2 - SLS - Characteristic
Load duration Short-term
1 B¥OT 1,60 * LC1
Analysis type Static Analysis
Static analysis settings SA1 - Geometrically linear
Design Situation BNeR DS3 - SLS - Quasi-permanent
Load duration Permanent
12 9T 1.60 * LC1 + 1,12 * LC2
Analysis type Static Analysis X
Static analysis settings SA1 - Geomelrically linear
Design Situation ENeT DS3 = SLS - Quasi-permanent
Load duration 1 /Medium-term
13 EXen) 160 *LC1+ 1,127 LC2 +0.60 " LC3
Analysis type Static Analysis
Static analysis settings SA1. - Geometrically linear
Design Situation ¥ DS3 - SLS - Quasi-permanent
Load duration ‘Short-term.
14 EleT 1.60* LC1 +LC3 1
Analysis type I Static Analysis
Static analysis settings SAt=Geometrically linear
Design Situation EXeoT) DS3 - SLS+ Quasi-permanent
Load duration Short-term <
15 EOT] 1,60 *LC1+0.82° LC2+LC3
Analysis type Static Analysis ]
Static analysis settings SA1 - Geometrically linear
Design Situation 46T DS3 - SLS - Quasi-permanent
Load duration Short-term
56 = STATIC ANALYSIS SETTINGS
Settings
No. Description Symbol Value Unit
1 Geometrically linear
Analysis type Geometrically linear
Modify standard precision and tolerance settings
Modify loading by multiplier factor O
Displacements due to member load of type 'Pipe internal O
pressure' (Bourdon effect)
Method for equation system Direct
Plate bending theory Mindlin
Activate mass conversion to load
Asymmetric direct solver
ilibrium for O
2 Second-order (P-A) | Picard | 100 | 1
Analysis type Second-order (P-A)
Iterative method for nonlinear analysis M Picard
Maximum number of iterations 100
Number of load increments 1
Modify standard precision and tolerance settings O
Ignore all nonlinearities O
www.dlubal.com RFEM 6.02.0063 - Generul 3D alruckures solved using FEM | | @
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Rina Boko

Kagiceva 26, 10000 Zagreb

Model:
Rina Boko 5.z0na

Date

11.4.2023

Page
Sheet

MODEL

14/77
1

5.6

57

3
i

STATIC ANALYSIS SETTINGS

Settings

No.

Description
Modify loading by multiplier factor
Consider favorable effect due to tension in members
Displacements due to member load of type 'Pipe internal
pressure' (Bourdon effect)
Refer internal forces to deformed structure
Refer internal forces to deformed structure for normal
forces

», Refer internal forces to deformed structure for shear

3

forces
Refer internal forces to deformed structure for moments
Method for equation system
Plate bending theory
Activate mass conversion to load
Asymmetric direct solver
g

s
Stability check based on deformatior rate

M Large deformations | Newton-Raphson | 100 | 1
Analysis type
Iterative method for nonlinear analysis
:Maximum number of iterations
Number of load increments
Modify standard precision and tolerance settings
Ignore all nonlinearities
Modify loading by multiplier factor
Consider favorable effect due to tension in members
Try to calculate unstable structure R
Displacements due to member load of type 'Pipe internal
pressure' (Bourdon effect)
Method for equation system
Plate bending theory
Activate mass conversion to load
Asymmetric direct solver
ilibrium for ucture
Stability check based on deformation rate

COMBINATION WIZARDS

Wizard
No.
1

Settings

Load combinations | SA2 - Second-order (P-A) | Picard | 1001

Assigned to

Generate combinations

Static analysis settings

Consider imperfection case

Consider initial state

Structure modification enabled
same load

Consider construction stages

User-defined action combinations

Favorable permanent actions

Reduce number of generated combinations

without i

Load
Assigned to
Generate combinations
Static analysis settings
Consider imperfection case
Consider initial state
Structure modification enabled
Consider construction stages
User-defined action combinations
Favorable permanent actions
Reduce number of generated combinations

linear

| SAT -

Loads

Symbol

Value Unit

OxRO

XX

Direct
Mindlin

B

M Large deformations
Newton-Raphson
100
1

Direct
Mindlin

([mpx[m]

Value

DS 23.

Load combinations (non-l i

I SA2.-Second-order (P-A) | Picard | 100 | 1
B

i | (N

DS 1
Load combinations (non-linear analysis)
SA1 -Geometrically finear

Ooooooo

I www.dlubal.com
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SNIJEG.JPG
e a - STANOARD COUNTRY | WX
WO - I Croatas | HRNEN 199143 v
son

< T

L swowiom

COUNTRY | ANEX

I Crowa | HRMEN 133114

Vp.0 = 20.0 m/s
qp = 0.25 kN/m? =

18 Scrvacabor 3 Sove 8 pra B | can
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Madel:

Rina Boko 5.zo0na

Do 1142023 FPoge
Sheet
MODEL

16/77

631

a

OPTERECENJE.JPG

ANALIZA OPTERECENJA - Ministarstvo vanjskih poslova

Pozicija K1
Opis pozicije Krov
= e Zapreminska tezina | Debljina sloja | lznos povriinskog opterecenja
2 F [kg/m’] {cm) [kN/m’)
5 \g 1 [Biber crijep 0,50
“ g | 2 |Dodatno stalno 0,10
g |Ukupno: 0,60
‘,; - Polozaj Iznos optereéenja
=S Snijeg 1,00 [kN/m’]
g w. [Vietar Software
. ,9..
Podruéje: 3 kontinentalna Hrvatska
Nadmorska visina: 122 [m.a.m.]
a= 32
= $=11,25 (kN/m®]  Koeakter c recer
2 ni(a)=/0,8 koef 3
z G=
&
Koeficijent
kee Nt B0e
Voo= 20 LfelY  Ufgamentalfgrijed 3
Vb= €™ Connson "Voo [ [M/S] Nha brziga@Wetra
w20 [|imfs)
=125 ikg/m’)
*kategorija terena: |
clz)=/1,9 Zenosti
z
Tt q=1/2-pv [kN/m?] Sasncl pritisak
< as[_025Jikv/m?)
CoolH)=-0,96 koeficHent P ) )|
&ull)=-0,76 [m?] jskoggrit
=02 [m’] sdfnies pritiska
§ |_USVOJENE VRUEDNOSTI 2A|
WeH)= o €.{2): e Car -0,55|[kN/m?]  optetecenie vietram k. tagnii prit SVE PLOHE
We (H)= Gy €.(2) Coe Car 4).46jlkN/m’| G 1rom b (iska (POJEDNOSTAYLIENO)
W (1)= Gy €(2)" Cpe Caie -0,46 [kN/m’] enjevetron u nutarojiprit
W (1)= Qs * €u(2) Cou Car ' Conne = -0,36 [kN/m’] t utarijeg potls i
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MODEL
641 LCI-STALNO Static Analysis
LC1 - Selfweight” In Axonometric Direction
Loads [kN/m]
Static Analysis

T

z
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MODEL
NG, IN DIRECTION -Y Static Analysis
In direction -Y
I—& X
1690 m
Z
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651 LC2-SNIJEG Static Analysis
1C2 - Stifog

Loads [kN/m]
Static Analysis

T

z

In Axonometric Direction
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NG, IN DIRECTION -Y Static Analysis
In direction -Y
I—& X
1.827 m
Z
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661 LC3-VJETAR Static Analysis
LC3 - Vielar In Axonometric Direction
Loads [kN/m"2]
Static Analysis

T

z
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662 LC3:, LOADING, IN DIRECTION -Y Static Analysis
LC3 - Vjetar In direction -Y
Loads [kN/m"2]
Stolic Analysis
X
1.827 m
z E
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Kagiceva 26, 10000 Zagreb Rina Boko 5:20na Sheet 1

MODEL

7 . Guide Obijects a1

71 COORDINATE SYSTEMS

3 Points | System Coordinates Rotation
. No. Type Symbol Value Unit  Sequence Symbol = Value | Unit Comment
: n Global XYZ
2 3 Points | Load Wizard | Wind Load No. 1 | 4.500, 22.800, -6.000 m | 4.535, 21.801, -5.964 m | 3.781, 22.800, -5.305 m
I 3 Points Xo 4.500 m
Yo 22.800 m
| Z -6.000 m
Xi 4535 m
y | 2 21801 m
Z -5.964 m
X2 3781 m
Yz 22800 m
Z -5.305 m

!
‘ 3 M 3 Points | Load Wizard | Wind Load No. 1| 0.000, 22.800, 0.000 m | 0.333, 21.968, -0.444 m | 0.800, 22.800, 0.600 m

M 3 Points Xa | 0.000 | m

Yo 22.800 m

2 0.000 m

| X 0333 m

Yy 21,968 m

z, 0444 m

Xz 0800 m

Yz 22800, m

z 0.600 | m
8  Static Analysis Results mm
| www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | |@
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MODEL

PE VALUES - MAX AND MIN VALUES, INTERNAL FORCES N, IN AXONOMETRIC Static Analysis

ond transient - Eq. 6.10 In Axonomelric Direction

O
-

max N : 5.57 | min N:-19.54 kN
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Rina Boko
Kagiceva 26, 10000 Zogreb Rina Boko 5.20na shiar ST
MODEL
PE VALUES - MAX AND MIN VALUES, INTERNAL FORCES N, LOADING, IN Static Analysis
In direction -Y

ind transien - Eq. 6.10

r X
1827 m
—_—y

Z
max N : 5.57 | min N:-19.54 kN
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Sheet 1

MODEL

¥ O‘I"‘ X
z
max V, :3.56 | minV,:-3.56 kN

OPE VALUES - MAX AND MIN VALUES, INTERNAL FORCES V,, IN AXONOMETRIC Static Analysis

In Axonometric Direction
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MODEL
84 DS1: ENVELOPE VALUES - MAX AND MIN VALUES, INTERNAL FORCES Vy, LOADING, IN Static Analysis
DIRECTION -Y
DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10 In direction -Y
Static Analysis
Forces V, [kN]
0.45
0.45

/8 141
& 116
5.5'1)“’!1“\'1 06230.59

-0.884850.88 \

1.1 >—X 924026 003
X x
Z
X
Z 1.907 m
max V, : 3.56 | min V,:-3.56 kN F
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OPE VALUES - MAX AND MIN VALUES, INTERNAL FORCES V;, IN AXONOMETRIC Static Analysis

ULS (STR/GEO) - Permanent ond transient - Eq. 6.10 In Axonomeric Direction

z
max V,:32.74 | min V,:-5.36 kN

[ vewwdlubal.com |7 RFEM .02.0063 - General 3D siruchres soived using FEM | | @
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Rina Boko
Kagiceva 26, 10000 Zogreb Rina Boko 5.20na stiar ST
MODEL
VALUES - MAX AND MIN VALUES, INTERNAL FORCES V;, LOADING, IN Static Analysis
ind transient - Eq. 6.10 In direction -Y
Forces V. [\N]
Z 1907 m
max V;:32.74 | min V,:-5.36 kN
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Rina Boko
Sheet 1

Kagiceva 26, 10000 Zogreb Rina Boko 5.zona

MODEL

PE VALUES - MAX AND MIN VALUES, INTERNAL FORCES My, IN AXONOMETRIC Static Analysis

ond transient - Eq. 6.10 In Axonomelric Direction

WY
N\gbe S S
R

¥ 0—1——0 X
Zz
max My : 0.11 | min My :-0.11 kNm
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MODEL
VALUES - MAX AND MIN VALUES, INTERNAL FORCES My, LOADING, IN Static Analysis
In direction -Y

nd transien - Eq. 6.10

-0.10
L

-0.06

-0.08=0.03

r—‘ X
1907 m
—_—y

Z
max My : 0.11 | min My :-0.11 kNm

| www.dlubal.com F RFEM 6.02.0063 - Generul 3D siruciures solved using FEM | |%

41



Rina Boko
Kaciceva 26, 10000 Zogreb

Madel:
Rina Boko 5.zona

Dow 1142023 Foge  32/77
Sheet 1

MODEL

 Static Anclysis
Moments M, [kNm]

)PE VALUES - MAX AND MIN VALUES, INTERNAL FORCES M,, IN AXONOMETRIC Static Analysis

b § O‘I—‘ X
2z
max M, : 4.66 | min M, :-4.66 kNm

ond transient - Eq, 6.10

In Axonomelric Direction
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MODEL
VALUES - MAX AND MIN VALUES, INTERNAL FORCES My, LOADING, IN Static Analysis
In direction -Y

ind transien - Eq. 6.10

afic Analysis
oments M, [kNm]

z

r X
1907 m
—_—y

max M, : 4.66 | min M, :-4.66 kNm
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MODEL

OPE VALUES - MAX AND MIN VALUES, INTERNAL FORCES M;, IN AXONOMETRIC Static Analysis

ULS (STR/GEOQ) - Permanent ond transient - Eq. 6.10 In Axonometric Direction

A TIOIN%
.b;f” \20:0.'_ Q

4
Oz

-0.40 £

¥ O‘I"‘ X
z
max M, : 1.98 | min M, :2.71 kNm
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MODEL
812 DS1: ENVELOPE VALUES - MAX AND MIN VALUES, INTERNAL FORCES M;, LOADING, IN Static Analysis
DIRECTION -Y
DS1 - ULS (STR/GEO) - Permanent dnd transient - Eq. 6.10 In direction Y
Static Analysis

Moments M, [KNm]

0.26
21
Vi
2090 ™
ES
5046
271082 072 90.68

/7(\% 1.83
024y
-0.8440.84 l \

71 q 1 ‘n : X ‘9.‘“ | 0.06 aWal 3
Z
X
Z 1.907 m
max M. : 1.98 | min M, :-2.71 kNm r
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N MODEL

mox P, : 9.45 | min P, :-10.28 kN

max P, : 1.13 | min P, :-1.13 kN
max P, : 43.76 | min P, :-29.27 kN

813 PS'I":-‘ENVELGPE VALUES - MAX AND MIN VALUES, NODAL SUPPORTS Px, NODAL SUPPORTS
< Py, NODAL SUPPORTS P., IN AXONOMETRIC DIRECTION

DS1 - ULS {STR/GEO) - Permanent dnd transient - Eq, 6.10 In Axonomefric Direction
Static Analysis )
Local Reaction Forces P, Py, P. [kN]

Static Analysis

45 X
- TGRS
o7 Al
ORI
's‘i‘z-v ‘é‘!‘\s‘ \'J:\‘@i\ﬁ%\\-\\;\ N >N
LE A _ﬂmg VA N \\!.;tf\ﬁ\&m

% e G
% & o N

Zz
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MODEL

814 DS1: ENVELOPE VALUES - MAX AND MIN VALUES, NODAL SUPPORTS Px, NODAL SUPPORTS Static Analysis
Py, NODAL SUPPORTS P;, LOADING, IN DIRECTION -Y

DS1 - ULS (STR/GEO) - Permanent and transient - Eq. 6.10 In direction -Y
Stafic Analysis
Local Reaction Forces P,, P,, P. [kN]
/ \ \ 22,00 ¢
/ \29‘27 ¢
430 1028 113/ 6 P92 104 0D 249 521
—> —> > X r “— <
1044 10.46
2125 18.98 ? 4376 ?
I—O X
Z
mox P, : 9.45 | min P, :-10.28 kN
max P, : 1.13 | min P, :-1.13 kN 1.907 m
max P, : 43.76 | min P, :-29.27 kN r
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Rina Boko
Kaciceva 26, 10000 Zagreb

Madel:
m Rina Boko 5.z0na

=
Dlubal

1142023 FPoge
Sheet
MODEL

38/77
1

8.15

DS2: ENVELOPE VALUES - MAX AND MIN VALUES, GLOBAL DEFORMATIONS |U|, IN

AXONOMETRIC DIRECTION

Static Analysis

DS2 - 515~ Choracteristic
Static Anclysis
Displacements [u| [mm]

Y @y X

z

max |u| : 44.0 | min |u] : 0.0 mm

In Axonometric Direction

Globol Deformations
lu] [mm]
440
o B oo+
404
004%
., R
0.04 %
320 N
.04 %
280
004%
240 g
- B oo:x
| R
160 T
004 %
120
8.0
40
95.52%
oo IR 5552

b
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Madel:

Rina Boko 5.z0na

1142023 FPoge
Sheet
MODEL

w/77
1

8.16

DS2: ENVELOPE VALUES - MAX AND MIN VALUES, GLOBAL DEFORMATIONS |U|, LOADING, IN

DIRECTION -Y

Static Analysis

DS2- 515 - Choracteristic
Stafic Analysis
Displacements |u| [mm]

Z

max |u| : 44.0 | min |u] : 0.0 mm

In direcfion -Y

Glebal Deformations

lu] [mm]
440
004 %
004 %
360
004%
320
004%
280
5 004 %
2
0.04 %
oo IR
004 %
120
8.0
414%
95.52%
00 .
1907 m
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MODEL
817 DS3: ENVELOPE VALUES - MAX AND MIN VALUES, GLOBAL DEFORMATIONS |U|, IN Static Analysis
AXONOMETRIC DIRECTION

DS3.- SLS - Quosipermanent
Static Analysis

In Axonometric Direction

Displacements |u| [mm] IGl(;bloi D]eformunons
ol [mm
70.2
oo
6
0.04 %
. R
0.04 %
510 o
.04 %
447
0.04 %
38.3 g
o N 004%
] 0.04%
0.04 %
19.1
12.8
6.4
96.20 %
oo N o0 |
)
\\
A
D, \Y
0.8
2.8
N -
o .
.', - Py
4.0 > -
Y @& X
Z
max |u] :70.2 | min [u] : 0.0 mm
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MODEL

&8 DS3: ENVELOPE VALUES - MAX AND MIN VALUES, GLOBAL DEFORMATIONS |U|, LOADING, IN  Static Analysis
DIRECTION -Y

DS3- 515~ Guosipermanent \n direciion Y
Static Analysis ‘
Displacements |u| mm] Glcbol Deformations
Jul [mm]
70.2
—
57.4
0.04 %
510 06
.04 %
447
0.04 %
383
B oo:x
255
0.04 %
19.1
12.8
B
6.4
96.20 %
oo N o520
X
z 1907 m
max [u] : 70.2 | min |u] : 0.0 mm E
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TIMBER
9  Timber Design P™
21 OBJECTS TO DESIGN
| Design Objects to Design
' Object Type All | ToC Not Valid / Deact. Comment
f Members 1-4,6-8,10,11,16,18 | 1-4,7,8,10,11,16,18 6,
.19,24,34,35,40,42-  ,19,24,34,35,40 42- 46,76,105,134,163,
48,55-62,64-66,68-  45,47,48,55-62,64- 192,212-218
70,72-78,84-91,93- | 66,68-70,72-75,77,
’ 96,97-99,101-107,1 | 78,84-91,93-95 97-
13-120,122-124,12 | 99,101-104,106,10
‘ 6-128,130-136,142 | 7,113-120,122-124,
-149,151-153,155- | 126-128,130-133,1
157,159-165,171-1 | 35,136,142-149,15
78,180-182,184-18 | 1-153,155-157,159
| 6,188-194,200-242 | -162,164,165,171-1
78,180-182,184-18
6,188-191,193,194,
200-211,219-242
92 DESIGN SITUATIONS
DS EN.1990 | Timber | CEN | 2010-04 To EN 1995 | HRN | 2015-03 Combinations to Design
No. Design Situation Type Design  Active Design Situation Type for Enumeration Method
1 ULS (STR/GEO) - Permanent X} 4} WUEN ULS (STR/GEO) - Permanent Al
and transient - Eq. 6.10 and transient
2 S Ch SLS - Characteristic X = SCh' SLS - Characteristic All
3 EHeT SLS - Quasi-permanent X S Qo1 SLS - Quasi-permanent 1 All
93 MATERIALS
Legend Material o To Material
[ stifiness modification No. Name Design Type Options Comment
1 c24 X M Timber (%]
94 SECTIONS
Legend Section ’] To _| Section Use Other Section for
I Warping stiffness No. Name Material Design Type Design Options
deactivated 1 # R_M1120/120 1 E Parametric - Massive | - 3
2 # R_M1140/140 1 X Parametric - Massive | - T
3 |l W 2R_M2 140/140/140/1 1, X Pparametric - Massive Il - T
4 W W 2R_M2 120/120/140/1 1 | Parametric - Massive I - T
9.5 ULTIMATE CONFIGURATIONS
Config. X *Asslgned to
No. Name | Members . Member Sets Surfaces Surface Sets
1 Default All Al Al All
95 ULTIMATE CONFIGURATIONS - SETTINGS - MEMBERS
Config.
No. Description Symbol Value Unit
1 Default
General
4] Perform stability design !
Limit Values for Special Cases
Tension (0vo.s / fo0) Notim 0.001 -
Compression (Gcoa / foq) MNocim 0.001 -
Shear (Tuya/ fra) Nexysim 0.001 -
Shear (s / fug) Nz 0.001 -
Torsion (Tieea / fua) Mrtoesim 0.010 -
Bending (Omys / fma) Nomylim 0001, —
Bending (Omza / fma) MNomzim l 0.001| =
Curved and Saddle Members
@ Perpendicular tension design of curved members
[X] Perpendicular tension design o saddle members \
Cut-to-Grain Angle Limit
Allow further design if angle does not exceed limit |al = 24.00 deg

I www.dlubal.com
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TIMBER
9.51 . ULTIMATE CONFIGURATIONS - SETTINGS - MEMBERS
Config.
/" No. Description Symbol Value Unit
System Strength Acc. to 6.6
[7] Consider system strength factor
Settings for Stability Design
! Stiffness Reduction
[“J:Reduction of stiffness with coefficient 1/(1+kser) acc. to DIN EN 1995-1-1
Position of Positive Transverse Load Application
l Vertical position
@ On section edge (destabilizing effect)
| (O At shear point
() At center point
() ©n section edge (stabilizing effect)
1 (] Redugtion of effective length by 0.5h acc. to Tab. 6.1 (stabilizing effect)
i
252 * ULTIMATE CONFIGURATIONS - SETTINGS - SURFACES
Config.
No. o Description Symbol Value Unit
1 Default
Limit Values for Special Cases
Tension (0104 / fio) Notosim 0.001 -
Tension perpendicular (Gisas / fisod) Notsoim 0.001 -
Compression (Ocos / feo4) MNoc.0sm 0.001 -
Compression perpendicular (0cs04/ fe.004) MNoc.90im 0.001 -
Shear in yz-plane (1y: / fyz2.0) Niyziim 0.001 -
Shear in xz-plane (. / fixz.a) Noziim 0.001 -
Shear in xy-plane (Txy / fuxyd) Mrxyim 0.001 -
Shear on net section (Tne: / funeta) Nimetsim 0.001 -
Equivalent torsion (Tio / fuiora) Nrscesim 0.001 -
Bending (Gb,0.4 / fmo.d) Nob,0,im 0.001 -
Bending perpendicular (0s so / fmso o) MNob.90m 0.001 -
System Strength
[[] Consider system strength factor
% SERVICEABILITY CONFIGURATIONS
Config. Assigned to
No. Name _ Members __Member Sets Surfaces Surface Sets
1 Default LAl | All All All
961 SERVICEABILITY CONFIGURATIONS - SETTINGS - MEMBERS
Config.
No. Description Symbol Value Unit
7 Default
Serviceability Limits (Deflections) Acc. to 7.2
Beam limits
Characteristic Ll 300 -
Quasi-permanent 1 L/ 250 -
Quasi-permanent 2 Ry 4 150 | -
Cantilever limits
Characteristic Le/ 150 —
Quasi-permanent 1 L/ \ 125 -
Quasi-permanent 2 | Lo/ 75 -
Vibration Design
Vibration design | Winstsm ) 5.0 mm
962 SERVICEABILITY CONFIGURATIONS - SETTINGS - SURFACES
Config. :
No. Description Symbol | Value I_ Unit
1 Default
Serviceability Limits (Deflections) Acc. to 7.2 ‘
Limit for double-supported surface
Characteristic L/ \ 300 -
Quasi-permanent 1 L/ 250 -
Quasi-permanent 2 L/ 150 | -
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TIMBER

962 | SERVICEABILITY CONFIGURATIONS - SETTINGS - SURFACES

Config.
/" No. Description Symbol Value Unit
Limit for cantilever surface
Characteristic Lo/ 150 | -
Quasi-permanent 1 Le/ 125 -
| Quasi-permanent 2 Lo/ 7% -
Vibration Design
Vibration design Wiim 50 mm

?7 - FIRE RESISTANCE CONFIGURATIONS

i
rfonﬂg. Assigned to
No. [ N Name Members Member Sets Surfaces Surface Sets
1 Default All All Al All
M FIRE RESISTANCE CONFIGURATIONS - SETTINGS - MEMBERS
Config. (
No. \ Description Symbol Value Unit
1 Default
Fire Design'Settings
Regquired time of fire resistance t 15 min
Fire exposure (not for circular sections)
Top (-2)
X Left (-y)
[X] Right (+y)
[ Bottom (+z)

972 . FIRE RESISTANCE CONFIGURATIONS - SETTINGS - SURFACES

Config.
No. Description Symbol Value Unit
1 Default
Fire Design Settings
Required time of fire resistance t 15 min
’(_} Heat-proof ion of i timber layers
® Non-heat-proof adhesion of cross-laminated timber layers
Coefficient increasing charring rate of inner layers ks 2.00 -
[T] User-defined coefficient of layer thickness with zero strength
Thickness to omit fire reduced layer 3.0 mm
Fire exposure
] Top (-2)
L_| Initial fire protection from top (-z)
Bottom (+z)
[ Initial fire protection from bottom (+2)
www.dlubal.com r RFEM 6.02.0063 - Genoral 3D struchures sotved using FEM I I %
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MODEL

GN: MAX. OF ALL DESIGN CHECKS, IN AXONOMETRIC DIRECTION Timber Design

In Axonometric Direction

Y 01——‘ X
Z
Members | Max. of all design checks | mox : 1.130 | min : 0.000

Members | max : 1.130 | min n : 0.000
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Rina Boko
Kagiceva 26, 10000 Zagreb TPy P st B
MODEL
GN: MAX. OF ALL DESIGN CHECKS, DS3: LOADING, IN DIRECTION -Y Timber Design
In direction -Y

esign check rafio

Z
Members | Max. of all design checks | mox : 1.130 | min : 0.000 1.907 m
Members | max ) : 1.130 | min n : 0.000
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MODEL

983 TIMBERDESIGN MAX. OF ALL DESIGN CHECKS, IN AXONOMETRIC DIRECTION

Timber Design

jbers | Design check ration

0 00026

404-0p0 ‘/‘.,0"
(X (X ‘;‘; (X d oA 58
RRTEES

z

Menmbers | Max. of all design checks | mox : 1.130 | min :0.000
Members | mox 1) : 1130 | min 1 : 0.000

{/

A

R
¢

;A\

In Axonometric Direction

Timoer Design | Design
Checks by Members

1130
0.12%

1.000
0.20%
. |

0.21 %

0.800 -
B o09%
[P
0.39%
0.600
0.500
0.400
0.300
0.200
0100

0.000

1.02%
1.09 %
1.34%
5.48 %
21.68 %
68.38 %
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Model:
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Rina Boko Dot
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MODEL

9.8.4

TIMBER DESIGN: MAX. OF ALL DESIGN CHECKS, DS3: LOADING, IN DIRECTION -Y

Timber Design

Timber Design
Members | Design check ratio n

0.057 £:0.092

z
Members | Max. of all design checks | mox : 1.130 | min :0.000
Members | max n: 1.130 | min n : 0.000

In direction -Y

Timoer Design | Design
Checks by Members

1130
455 - 0.12%
- 0.20%

0.900 ===
0.21 %

0.09 %
0.39%

0.800
0.700

1.09 %

1.907 m
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MODEL

285  TIMBER DESIGN: MAX. OF ALL DESIGN CHECKS, IN AXONOMETRIC DIRECTION

Timber Design

Timber Design
Members | Design check ratio n

458 \ N
?\ VDEWIMY R
A

R
¥

* - =
B\ ‘iv%?\1" 537 L}
2 i

L ]

YO’I‘OX
Z

Menmbers | Max. of all design checks | mox : 1.130 | min :0.000
Members | mox 1) : 1130 | min 1 : 0.000

In Axonometric Direction

Timoer Design | Design
Checks by Members
1130
U o
; | o21%
= E] 0.09%
w09 0'39 %
0.600 )
o] B o
" = - 1.09 %
0.400
| R
oy |
5.48%
0.200
21.68%
0100
68.38%
0.000
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MODEL
986  TIMBER DESIGN: MAX. OF ALL DESIGN CHECKS, DS3: LOADING, IN DIRECTION -Y Timber Design
Timber Design In direction -Y

Members | Design check ratio n Tasber Datign:| Dedian
Checks by Members

:_’;Z: - 012%
G B oxox
0.800 sﬁ; :
w09 0.39%
o
ol o

0.300
5.48 %

0200 I

21.68 %
0.100

68.38 %
0.000

0.134
———(0.048==——on0.173
0.005
1.130 & 0.972
0.015
0.347
R 0,956
N 0.427.
Z
X
4
Members | Max. of all design checks | mox : 1.130 | min :0.000 1.907 m
Members | max 1 : 1.130 | min ) : 0.000 5
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MODEL
99 MEMBER NO. 1 | DS1 | CO2 | 0.000 M | STRESS POINT NO. 7 | ST1600.03 Timber Design

Design Check ST1600.03 | EN 1995 | HRN | 2015-03

Stability
Biaxial bending and compression with buckling about both axes acc. to 6.3.2

feok 241,Eq.214
food & |l
™
21.000N/mm?
= 080 —————
130
= 12.923N/mm?
241, Eq. 214
foyd =
= 14.769N/mm?
fm.zk 24.,Eq.214
fnzd = Kmod -
T
24.000 N/mm?
= 080 ————
130
= 14.769N/mm?
y o Ly
by =
_ 7.500m
40.4mm
= 18558
Lerz
by = —
iz
_ 7.500m
© 40.4mm
= 18558
6.3.2, Eq. 6.21
Xrely
. feok 6.3.2,Eq.6.22
Y =
relz EO,OS.I
18558 | 21.000N/mm?
x 7400.0N/mm?
= 315
hrely > 030k, > 03
A % 2 6.3.2, Eq. 6.27
ky = 05- (1 +he+ (hrey = 03) + (hraty) )
- 2
= 05- (1 + 020 - (315 — 03) + (3.15) )
= 574
- % . G - 3 2 6.3.2, Eq. 6.28
ke = 05 (14 e (raz = 03) + (rer)?)
= 05- (1 + 020 - (315 — 03) + (3.15)2)
= 574
1 3.2, Eq. 6.
ky = - 1632, Eq.6.25
2 A
ky + 4/ (k)" = ("ul,y)
I SR {
574 + /(574 — (3.157 1
= 0.09
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MODEL

MEMBER NO. 1 | DS1 | CO2 | 0.000 M | STRESS POINT NO. 7 | ST1600.03

9.9
W AR )
ke + Y(2)? = (i)
& 1
5.74 + /(5742 = (3.152
= 0.09
B 904 Cm.y.d Omad
» ey food  fmyd mzd
_ | -0.997N/mm? ~0.791N/mm? R —4.136 N/mm?
Io.oo - 12.923N/mm? 14.769 N/mm? - 14.769 N/mm?2
= 1062
Te0d “miyd.  °mzd
o kerfood [ Iy e
| -0.997N/mm? —0791N/mm?  —4.136N/mm? |
" 009 - 12.923N/mm? “T4760N/mm?  14.769N/mm? |
= 1130
1= max(ny, na)
= max(1.062, 1.130)
= 1130
n o= 1130>1"
feod Design compressive strength
Kmod  Modification factor
fcok  Characteristic compressive strength
Y™ Partial factor
fmyd  Design bending strength
fmyk  Characteristic bending strength
fmzd  Design bending strength
fmzx  Characteristic bending strength
Ay Slenderness ratio
Lay  Equivalent member length
iy Radius of gyration
A Slenderness ratio
Lerz Equivalent member length
iz Radius of gyration
Mely  Relative slenderness ratio
Egosy Modulus of elasticity
Aeiz  Relative slenderness ratio
Egosz Modulus of elasticity
ky Instability factor
Be Straightness factor
ky Instability factor
key Instability factor
kez Instability factor
m Design ratio 1
Ocod  Design compressive stress
Omyd Design bending stress
km Redistribution factor
Omzd Design bending stress
n2 Design ratio 2

Timber Design

6.3.2, Eq. 6.26

Eq.623

Eq.6.24

RFEM 6.02.0063 - Genoral 3D struchures sotved using FEM

62



Rina Boko Madel: Do 1142023 FPogs  53/77

Koticeva 26, 10000 Zogreb Rina Boko 5.z0na Sheet 1
MODEL
210 MEMBER NO. 191 | DS1 | CO1 | 1.513 M | STRESS POINT NO. 1 | ST1600.02 Timber Design

Design Check ST1600.02 | EN 1995 | HRN | 2015-03

Stability
Bending about z-axis and compression with buckling about both axes acc. to 6.3.2

feok 241,Eq.214
fc.ﬂ.d ~ 3 W
21.000N/mm?
060« —————
130
= 9.692N/mm?
241, Eq. 214
fnzd = kmod * —
24.000 N/mm?
0.60 - ————
1.30
= 11.077N/mm?
F Lery
_ 403m
T 404mm
= 99.83
X Lerz
o= 5
iz
_ 4034m
"~ 40.4mm
= 99.83

; by feok 6.32, Eq. 621
by = e
9983 [ 21.000N/mm?
™ 7400.0N/mm?

3

6.3.2, Eq. 6.22

Frelz

> 03orx

> 03

*rely rel,z

A a 2 632, Eq. 6.27

ky = 05- (1 + P - (,.,,,‘, - o,s) + («.m,vy) )

= 05- (1 +0.20 - (1.69 — 0.3) + (1.69)2)

= 207
ke = 05 (14 b+ (rraiz = 03) + (relz)?) 632, Ea. 628

= 05- (1 +0.20 - (169 — 0.3) + (1469)?)

= 207
1 632, Eq. 6.25

bty ()? - (7-u|,y)2

1

207 + 4/(207)% — (1.69)

= 031

key =

L 6.3.2, Eq. 6.26

ke + el — () -’

1 ’

207 + ,/(207)% — (1.69)

= 031
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MODEL
910 MEMBER NO. 191 | DS1 | CO1 | 1.513 M | STRESS POINT NO. 1 | ST1600.02 Timber Design
o= Prcta + km Jd Eq.6.23
key - o4 fmz.d
_ | -0.258N/mm? 4 oq. 037 N/mm? |
|031 - 9602N/mm2. " 11.077N/mm? |
= 0111
9¢0.d Imzd Eq.624
"2 = NP feoa ¥ fmzd
| -0.258N/mm? -0.316N/mm2|
= |03t - ses2n/mme T TLo77N/mm? |
= 0121
n max (113, n2) 632
= max(0.111, 0.121)
= 0121
y = 0121 <1V
fod  Design compressive strength
Kmod  Modification factor
feox  Characteristic compressive strength
Y™ Partial factor
fmzd  Design bending strength
fmzk  Characteristic bending strength
I Slenderness ratio
Lery Equivalent member length
iy Radius of gyration
A Slenderness ratio
Lerz Equivalent member length
iz Radius of gyration
xle‘l,y Relative slenderness ratio
Egosy Modulus of elasticity
Meiz  Relative slenderness ratio
Egosz  Modulus of elasticity
Ky Instability factor
Be Straightness factor
K, Instability factor
key Instability factor
kez Instability factor
m Design ratio 1
Oc0d  Design compressive stress
Km Redistribution factor
Omzd Design bending stress
n2 Design ratio 2
[ vwwedlubal.com |7 RFEM 02,0063 - General 3D siruckres solved uaing FEM | @
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Rina Boko Madel: Dow 1142023 FPogs  85/77

Koticeva 26, 10000 Zogreb Rina Boko 5.z0na Sheet 1
MODEL
N MEMBER NO. 8 | DS1 | CO1 | 0.000 M | STRESS POINT NO. 7 | ST1600.01 Timber Design

Design Check ST1600.01 | EN 1995 | HRN | 2015-03

Stability
Bending about y-axis and compression with buckling about both axes acc. to 63.2

feok 241,Eq.2.14
feod = Knod * G
21.000N/mm?
060« —————
130
= 9.692N/mm?
241, Eq. 2.14
fmyd =
= 11.077N/mm?
A L"-Y
wo=
_ 3.748m
© 40.4mm
= 0275
) Lerz
o= ==
iz
_ 3.748m
40.4mm
= 075
) . Ny fe0k 632, Eq. 621
e Eoosy
_ s 21.000 N/mm?
: 7400.0N/mm?
= 157
X _ Fz feok 6.3.2, Eq. 6.22
ez T Eo052

92.75 21.000 N/mm?2
g 7400.0N/mm?
= 157

Arely > 030rkpy, > 03

kK = 05- (1 + 0+ (hray = 03) + ('r.,,.,,)z) IR
= 05 (14020 157 - 03) + (157)%)
= 18

ke = 05 (140 (reiz — 03) + (re2)?) 632,Eq.6.28
= 05 (14020 (157 - 03) + 1572)
= 18

1 6.3.2, Eq. 6.25

ky + 4/ (y)? — (>»,.L,)E

1

1.86 + 1/(1.86) — (1572

= 035

1 6.3.2, Eq. 6.26

ke + (k) = (hrerz)’ "

1 }

186 + ,/(1.86)> — (157)%

= 035

| www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | | @
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Rina Boko
Katiceva 26, 10000 Zagreb

Madel:
Rina Boko 5.z0na

Dae

1142023  FPoge 56/77
Sheet 1

MODEL

LAL

RES

n2

MEMBER NO. 8 | DS1 | CO1 | 0.000 M | STRESS POINT NO. 7 | ST1600.01

‘ 9c0d my.d

_

key  fod  fmyd
| -0.122N/mm?

"~ 035 - 9.692N/mm?

= 0956

—10.192N/mm? |
1077N/mm? |

G, o, d

Ty,

kez - feod fny.d
~0.122N/mm?

0.35 - 9.692N/mm?

= 0680

—10.192N/mm?
11.077N/mm?2

no= max(ng, ng)
= max(0.956, 0.680)
= 0.956

n = 095 <1

Design compressive strength
Modification factor

Characteristic compressive strength
Partial factor

Design bending strength
Characteristic bending strength
Slenderness ratio

Equivalent member length

Radius of gyration

Slenderness ratio

Equivalent member length

Radius of gyration

Relative slenderness ratio

Egosy Modulus of elasticity

Relative slenderness ratio

Egos: Modulus of elasticity

Instability factor
Straightness factor
Instability factor
Instability factor
Instability factor
Design ratio 1

Design compressive stress

Omyd Design bending stress

Design ratio 2

Redistribution factor

Timber Design

Eq.6.23

Eq. 6.24

63.2

vwwedlubal.com |7 RFEM 02,0063 - General 3D siruckres solved uaing FEM
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Rina Boko Madel:

Kagiceva 26, 10000 Zagreb Rina Boko 5.zona

Dae

1142023 Pogs /77
Sheet 1

MODEL

212 MEMBER NO. 164 | DS1 | CO5 | 5.121 M | STRESS POINT NO. 1 | ST1300

Design Check ST1300 | EN 1995 | HRN | 2015-03

Stability
Axial compression with bucklifig.about both axes acc. to 6.3.2

feok
feod = P
21.000N/mm?
130
= 14538N/mm?
» Lery
_ 5121m
© 40.4mm
= 12671
. Lerz
e
_ 5121m
T 40.4mm
= 12671
s . Ny feok
.y Eo.05,y
_ 12671 21.000N/mm?
L 7400.0N/mm?
= 215

3 1 fe0k
frelz = p= ® ED,OS.Z
12671 21.000N/mm?
x 7400.0N/mm?

= 215

heely > 030rig, > 03

ky = 05- (1 +0e - (rrey = 03) + (;.,,._y)z)
= 05 (14020 (215 - 03) + (215))
= 299
ke = 05- (1 + b ¢ (hraz — 03) + (;,,,,Il)z)
= 05 (14020 (215 - 03) + (2157)
= 299
1

ky + ()* - ("rel.y)z

1

299 + 4/(299)% — (2.152

= 020

key =

1

ke + /0 = (et2)?

1

299 + /(299)% - (2152

0.20

ocodl
key * feod

|-0.595 N/mm?|
0.20 - 14.538 N/mm?
= 0208

Timber Design

24.1,Eq.214

6.3.2, Eq. 6.21

6.32, Eq. 6.2

632, Eq.6.27

6.3.2, Eq. 6.28

632, Eq.6.25

6.3.2, Eq. 6.26

| Ea.623
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Rina Boko
Katiceva 26, 10000 Zagreb

Madel:

Rina Boko 5.z0na

Dae

1142023  FPoge 58/77

Sheet 1

MODEL

9.2

R

feod

feok

MEMBER NO. 164 | DS1 | CO5 | 5.121 M | STRESS POINT NO. 1 | ST1300

focodl
kez * feod

[~0.595 N/mm?|
0.20 - 14.538 N/mm?
0.208

max(ny, n2)
max (0.208, 0.208)
0.208

0208 <1
-

Design compressive strength

Modification factor

Characteristic compressive strength

Partial factor

Slenderness ratio
Equivalent member length
Radius of gyration
Slenderness ratio
Equivalent member length
Radius of gyration
Relative slenderness ratio
Modulus of elasticity
Relative slenderness ratio
Modulus of elasticity
Instability factor
Straightness factor
Instability factor
Instability factor
Instability factor

Design ratio 1

Design compressive stress

Design ratio 2

Timber Design

Eq.6.24

www.dlubal.com
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Rina Boko Madel:

Kagiceva 26, 10000 Zagreb Rina Boko 5.zona

Dae

1142023  FPoge /77
Sheet 1

MODEL

213 MEMBER NO. 189 | DS1 | CO2 | 8.345 M | STRESS POINT NO. 9 | SP6300

Design Check SP6300 | EN 1995 | HRN | 2015-03

Section Proof
Biaxial bending and compressive axial force acc. to 6.2.4

feok
&
21.000N/mm?
’ 130
= 12.923N/mm?

feod =

= 080

fuya = Kood:o
M

24.000 N/mm?
130
= 14.769N/mm?

= 080 -

fonzd

T
24.000 N/mm?
130

= 0.80 -

= 14769 N/mm?
3
= a y
A(:.ﬂ.d) LY -
feod fmy.d fm,z.d
( ~0.542N/mm? ) 2 _6.757N/mm? ~0.063N/mm?

+0.70 -
12,923 N/mm?2 14.769 N/mm?2 14.769 N/mm?2 ]

n1

0.462

(":,o'd )2 R vd | Omzd
feod " foyd  fmzd
~0542N/mm? \ 2 aq0. 2875 N/mm?  ~0.063N/mm? |
- +0.70 - -
12.923N/mm? 14.769 N /mm?2 14.769 N/mm? |

n2

0.326

0 = max(ng. n2)
= max(0.462, 0.326)
= 0462

n = 0462 <1

feod Design compressive strength
Kmod  Modification factor

fcok  Characteristic compressive strength
M Partial factor

fmyd  Design bending strength

fmyk  Characteristic bending strength
fmzd  Design bending strength

fmzk  Characteristic bending strength
m Design ratio 1

Oc0d  Design compressive stress
Omyd Design bending stress

km Redistribution factor

Omzd Design bending stress

n2 Design ratio 2

Timber Design

24.1,Eq.214

241, Eq. 214

241, Eq.2.14

6.2.4, Eq. 6.19

6.2.4, Eq. 6.20
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Rina Boko Madel:

Kaciceva 26, 10000 Zagreb Rina Boko 5.zona

Dae

1142023  FPoge &8/77
Sheet 1

MODEL

214 MEMBER NO. 191 | DS1 | CO1 | 1.513 M | STRESS POINT NO. 1 | SP6200

Design Check SP6200 | EN 1995 | HRN | 2015-03

Section Proof
Bending about z-axis and compressive axial force acc. to 6.2.4

feok
food & el
™
21.000N/mm?
= 060 — M ———
130
= 9.692N/mm?
fmx.k
fmzd = kmod * —
™
24.000 N/mm?2
= 060  ———
1.30
= 11.077N/mm?

2
(":,O.d) L Imad
i o= |-
feod fm,

~0258N/mm?\>  —0.376N/min? |
= |- +
9.692N/mm?2 11077 N/mm? |
= 003%
W= 0035 <1

feod  Design compressive strength

Kmod  Modification factor

feok  Characteristic compressive strength
Y™ Partial factor

fmzd  Design bending strength

fmzx  Characteristic bending strength
Oc0d  Design compressive stress

Omzd Design bending stress

Timber Design

24.1,Eq.214

241, Eq. 214

6.2.4, Eq. 6.20

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM
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Rina Boko Madel:

Kaciceva 26, 10000 Zagreb Rina Boko 5.zona

Dae

1142023  Foge 8/77
Sheet 1

MODEL

915 MEMBER NO. 8 | DS1 | CO1 | 0.000 M | STRESS POINT NO. 7 | SP6100

Design Check SP6100 | EN 1995 | HRN | 2015-03

Section Proof
Bending about y-axis and compressive axial force acc. to 6.2.4

feok
food & el
™
21.000N/mm?
= 060 — M ———
130
= 9.692N/mm?
foyd = kmod *
my. m =
24.000 N/mm?
= 060 -
130
= 11.077N/mm?

("c,o.d 2 i

W o= |-

feod
~0122N/mm?\?  -10.192N/mm? |
9.692N/mm?2 10077 N/mm? |

= 0.920

n = 0920 <1

feod  Design compressive strength

Kmod  Modification factor

feox  Characteristic compressive strength
™M Partial factor

fmyd  Design bending strength

fmyk  Characteristic bending strength
Ocod  Design compressive stress

Omyd Design bending stress

Timber Design

24.1,Eq.214

241, Eq. 214

6.2.4, Eq. 6.19

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM
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Rina Boko
Katiceva 26, 10000 Zagreb

Madel:

Rina Boko 5.z0na

Dae

1142023  FPoge 62/77
Sheet 1

MODEL

216 MEMBER NO. 200 | DS1 | CO5 | 0.000 M | STRESS POINT NO. 3 | SP5300

Design Check SP5300 | EN 1995 | HRN | 2015-03

Section Proof
Biaxial bending and tensile axial force acc. to 6.2.3

frox

fod = Kmod - ™

14.500N /mm?
’ 1.30
= 10.038N/mm?

fuya = Kood:o
M

24.000 N/mm?
130
= 16.615N/mm?

= 090 -

fonzd

T
24.000 N/mm?
130

= 16.615N/mm?

= 0.90 -

9t,0,d Tmy.d Tm,zd
e
frod  foyd fmzd

| 0.083N/mm? 4.692N/mm?

5.928N/mm? |

|10.038N/mm?  16.615N/mm?2
0540

94,04 Omyd  mzd
+ km
04 foyd  fmzd

| 0.083 N/mm? 4.692N/mm?

" 16.615N/mm? |

5.928N/mm? |

| 10,038 N/mm2 " 15.615N/mm?
= 0563

n = max(ny, na)
= max(0.540, 0.563)
= 0563

n = 0563 <1

fiod  Design tensile strength

kmod  Modification factor

frok  Characteristic tensile strength
Y™ Partial factor

fmyd  Design bending strength

fmyk  Characteristic bending strength
fmzd  Design bending strength

fmzx  Characteristic bending strength
m Design ratio 1

O0d  Design tensile stress

Omyd Design bending stress

km Redistribution factor

Omzd Design bending stress

n2 Design ratio 2

16.615N/mm? |

Timber Design

24.1,Eq.214

241, Eq. 214

241, Eq.2.14

6.2.3, Eq. 6.17

6.23, Eq.6.18

623
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Rina Boko Madel: Do 1142023 FPogs  63/77
Kagiceva 26, 10000 Zagreb

Rina Boko 5.z0na Sheet 1
MODEL
917 MEMBER NO. 113 | DS1 | CO1 | 0.950 M | LEFT SIDE | STRESS POINT NO. 1 | SP5200 Timber Design
Design Check SP5200 | EN 1995 | HRN | 2015-03
Section Proof
Bending about z-axis and tensile axial force acc. to 62.3
frox 241,Eq.2.14
fod = Kmod -
™
14.500N/mm?
- ’ 1.30
= 6.692N/mm?
241, Eq. 214
fmzd =
24,000 N/mm?2
= 060 - ——————
1.30,
= 11.077N/mm?
“t,0d “mzd 6.2.3, Eq.6.18
n o= o
frod  fmzd
0.053N/mm? 0.427 N/mm?2
6.602N/mm2  11.077 N/mm2
= 0.046
n = 0046 <1
fiod  Design tensile strength
kmod ~ Modification factor
fiok  Characteristic tensile strength
™ Partial factor
fmzd  Design bending strength
fmzk  Characteristic bending strength
Otod  Design tensile stress
Omzd Design bending stress
www.dlubal.com r RFEM 6.02.0063 - Genoral 3D struchures sotved using FEM I I %
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Rina Boko
Katiceva 26, 10000 Zagreb

Madel:

Rina Boko 5.z0na

Dae

1142023  Foge 64/77
Sheet 1
MODEL

218 MEMBER NO. 2 | DS1 | CO2 | 3.129 M | LEFT SIDE | STRESS POINT NO. 1 | SP5100

Design Check SP5100 | EN 1995 | HRN | 2015-03

Section Proof
Bending about y-axis and tensile axial force acc. to 6.2.3

frod =

™

14.500N /mm?
’ 1.30
= 8.923N/mm?

foyd = Kmod *
M

24.000 N/mm?
130
= 14.769N/mm?

= 0.80 -

Ot0d | myd

frod  fmyd

0.176 N/mm? 5.520N/mm?
~ |8.923N/mm?2  14.769N/mm?
= 0304
no= 030 <1

foa  Design tensile strength
kmod  Modification factor

fiox  Characteristic tensile strength
Y™ Partial factor

fmyd  Design bending strength

fmyk  Characteristic bending strength
Otod  Design tensile stress

Omyd Design bending stress

Timber Design

24.1,Eq.214

241, Eq. 214

6.2.3, Eq. 6.17

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM
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Rina Boko Madel: Do 1142023 FPogs  65/77
Kagiceva 26, 10000 Zagreb

Rina Boko 5.zona Sheet 1
MODEL
219 MEMBER NO. 237 | DS1 | CO2 | 0.950 M | STRESS POINT NO. 1 | SP4300 Timber Design
Design Check SP4300 | EN 1995 | HRN | 2015-03
Section Proof
Biaxial bending acc. to 6.1.6
241,Eq. 214
fm,y.d s
850 24,000 N/mm?
R 130
= 14.769N/mm?
241, Eq. 214
fmn.zd
™
24,000 N/mm?
= 080 & ———————
130
= 14.769N/mm?
Smiyid Tk 6.1.6, Eq. 6.11
i e SR
fer-d fnzd
| 1727N/mm? 1.009N/mm?. |
= 4070 -
|14.769 N/mm? 14.769 N/mm? |
= 0165
“myd 6.1.6, Eq. 6.12
ng = |km - +
fmyd fmz.d
= 1.727N/mm? 1.009N/mm?
" 14760N/mm?  14.769N/mm?
= 0150
n = max(ng, ng) 6.16
= max(0.165, 0.150)
0.165
no= 0165 <1

fmyd  Design bending strength

Kmod ~ Modification factor

fmyk  Characteristic bending strength
Y™ Partial factor

fmzd  Design bending strength

fmzk  Characteristic bending strength
m Design ratio 1

Omyd Design bending stress

Km Redistribution factor

Omzd Design bending stress

N, Design ratio 2

| www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | | @



Rina Boko Madel: Do 1142023 FPogs  68/77
Kagiceva 26, 10000 Zagreb

Rina Boko 5.zona Sheet 1
MODEL
920 MEMBER NO. 184 | DS1 | CO1 | 3.750 M | STRESS POINT NO. 1 | SP4200 Timber Design
Design Check SP4200 | EN 1995 | HRN | 2015-03
Section Proof
Bending about z-axis acc. to 66
Pk 24.1,Eq.214
fmzd \= _Kinod * ——
™
24.000N/mm?
= 060 - ——
130
= 11.077N/mm?
o m.zdl 6.1.6, Eq. 6.12
W o Geml
fmz,d
|~0.183 N/mm?|
© 1L077N/mm?
= 0017
no= 0017 <1

fmzd  Design bending strength

kmod  Modification factor

fmzx  Characteristic bending strength
Y™ Partial factor

Omzd Design bending stress

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | | %



Rina Boko Madel: Do 1142023 FPogs  &7/77
Kagiceva 26, 10000 Zagreb

Rina Boko 5.z0na Sheet 1
MODEL
L MEMBER NO.3 | DS1 | CO2 | 10.300 M | STRESS POINT NO. 1 | SP4100 Timber Design
Design Check SP4100 | EN 1995 | HRN | 2015-03
Section Proof
Bending about y-axis acc. to 6:1.6
fny.k 24.1,Eq. 214
fmyd = Kmod *
'™
850 24,000 N/mm?
3 130
= 14.769N/mm?
o my.l 6.1.6, Eq. 6.11
W o= —
fnyd
|-1.875N/mm?|
T 14769N/mm2
= 0127
o= 0127 <1

fmyd Design bending strength

Kmod  Modification factor

fmyk  Characteristic bending strength
Ym Partial factor

Omyd Design bending stress

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | | %



Rina Boko Madel:

Kaciceva 26, 10000 Zagreb Rina Boko 5.zona

Dae

1142023  FPoge 68/77
Sheet 1

MODEL

922 MEMBER NO. 55 | DS1 | CO5 | 3.800 M | STRESS POINT NO. 2 | SP3200

Design Check SP3200 | EN 1995 | HRN | 2015-03

Section Proof
Shear in y-axis acc. to 6.1.7 | Réctangular section

fuyk

vyd ‘=  Kmod * £y
4.000N/mm?

130

= 2.769N/mm?

[0.405 N/mm?|
2.769 N/mm?
= 0146

n = 0146 <1

fuyd Design shear strength

Kmod  Modification factor

fuyk  Characteristic shear strength
Ym Partial factor

Tyyd Design shear stress

Ty Shear stress

ke Crack influence factor

Timber Design

24.1,Eq.214

6.1.7, Eq. 6.13

weww.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM
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Rina Boko
Katiceva 26, 10000 Zagreb

Madel:

Rina Boko 5.z0na

Dae

1142023  Foge &/77

Sheet 1

MODEL

923 MEMBER NO.4 | DS1 | CO2 | 3.750 M | RIGHT SIDE | STRESS POINT NO. 4 | SP3100

Design Check SP3100 | EN 1995 | HRN | 2015-03

Section Proof

Shear in z-axis acc. to 6.1.7 | Réctangular section

fuzk
fV»K.d - e
i

= 0.80 -

= 2462N/mm?

Txz
ke
0.563N/mm?
-
= 0.841N/mm?

. =

dl

frzd

[0.881N/mm?|
2.462N/mm?
0.342

n

0342 <1

fyzd  Design shear strength

Kmod Modification factor

fuzk  Characteristic shear strength

Y™ Partial factor
Txzd  Design shear stress
Tz Shear stress

ke Crack influence factor

4.000N/mm?
130

Timber Design

24.1,Eq.214

6.1.7, Eq. 6.13

www.dlubal.com
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Rina Boko
Katiceva 26, 10000 Zagreb

Madel:

Rina Boko 5.z0na

Dae

1142023  FPags n/77
Sheet 1

MODEL

924 MEMBER NO. 84 | DS1 | CO4 | 0.000 M | STRESS POINT NO. 2 | SP2100

Design Check SP2100 | EN 1995 | HRN | 2015-03

Section Proof

Shear due to torsion acc. to 6.1:8

fzd

= 2.769N/mm?

fuyk
.y,
fiyd = kmod * ——

= 090 -
1.30

= 2769N/mm?

Ttord

N = —

Kshape * fu.d
0.193N/mm?
1.05 - 2.769 N/mm?

= 0,066

n = 0066 <1

fuzd  Design shear strength

kmod ~ Modification factor

fuzk Characteristic shear strength

™ Partial factor

‘v‘y‘d Design shear strength

fuyk Characteristic shear strength

Ttord  Design torsional stress
Kehape  Torsion factor

fud Design shear strength

4.000 N/mmz

Timber Design

24.1,Eq.214

241, Eq. 214

6.1.8, Eq. 6.14

www.dlubal.com

F RFEM 6.02.0063 - Genoral 3D struchures sotved using FEM

80



Rina Boko Madel: Dow 1142023 FPogs  71/77
Kagiceva 26, 10000 Zagreb

Rina Boko 5.z0na Sheet 1
MODEL
925 MEMBER NO. 188 | DS1 | CO2 | 0.000 M | STRESS POINT NO. 1 | SP1200 Timber Design
Design Check SP1200 | EN 1995 | HRN | 2015-03
Section Proof
Compression along grain ac¢. t0.6.1.4
feok 241, Eq. 214
feod = <
™
21.000N/mm?
080« ——— ——
130
= 12.923N/mm?
locodl 6.1.4,Eq.62
v =
feod
|-0.997 N/mm?|
T 12.923N/mm?
= 0077
no= 0077 <1

feod Design compressive strength

kmod  Modification factor

fcok  Characteristic compressive strength
Y™ Partial factor

Oc0d Design compressive stress

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | | %



Rina Boko Madel: Dow 1142023 FPogs  72/77
Kagiceva 26, 10000 Zagreb

Rina Boko 5.zona Sheét 1
MODEL
926 MEMBER NO. 239 | DS1 | CO2 | 0.000 M | STRESS POINT NO. 1 | SP1100 Timber Design
Design Check SP1100 | EN 1995 | HRN | 2015-03
Section Proof
Tension along grain acc. to 6112
frox 241, Eq. 2.4
fuod & - Lkl
i
14.500N/mm?
B ’ 1.30
= 8923N/mm?
. = wd 6.1.2(1), Eq. 6.1
frod
0.284 N/mm?
© 8.923N/mm?
= 0032
no= 0032<1

fiod  Design tensile strength

Kmod Modification factor

fuok  Characteristic tensile strength
Ym  Partial factor

Otod Design tensile stress

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | | %



Rina Boko Madel: Do 1142023 FPogs  73/77

Kagiceva 26, 10000 Zagreb Rina Boko 5zona Sheet 1

MODEL

927 MEMBER NO. 8 | DS1 | CO1 | 3.748 M | SP0O100 Timber Design

Design Check SP0100 | EN 1995 | HRN | 2015-03

Section Proof
Negligible internal forces

frox 241,Eq.214
Tim

14.500N /mm?
’ 1.30
= 6.692N/mm?

frod =

fax 241,Eq.2.14
flzd = kmod * —

24.1,Eq.2.14
fuyd =

24.1, Eq. 2.14
fyd =

= 11.077N/mm?

fm,z.k 24.1,Eq. 214
™
24.000N/mm?
’ 130
= 11.077N/mm?

fnzd = Kmod *

= 0.60

Tension:

%t,0d
frod
0.000N/mm?
6.692N/mm?
= 0.000

Moy

Nag S Nogfim

N is negligible.

Shear in y-axis:

<
Moy = Meylim

Ty is negligible.

Shear in z-axis:

1.846 N/mm? '
= 0.000

<,

L .
Toa = Mg fim

www.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM | | @
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Rina Boko
Kociceva 26, 10000 Zagreb

Madel:
Rina Boko 5.z0na

Dae

1142023  FPoge 74/77
Sheet 1

MODEL

927 MEMBER NO. 8 | DS1 | CO1 | 3.748 M | SP0O100

Ty, isnegligible.

Torsion:
“wr.dl
Mo = fud
[0.000N/mm?|
T 1846 N/mm?
= 0.000
,l‘!o( = "‘w.lim
My is negligible.

Bending about y-axis:

~ omyal
’Iﬂy - fm‘y'd

[0.000N/mm?|
11.077 N/mm?2
= 0.000

<
oy = Noyim

Meqy is negligible.

Bending about z-axis:

|o

2d|

oz fmzd
0.000 N/mm?|
T 11077N/mm?
= 0.000
Mo, < "oy fim

Mg is negligible.

Allinternal forces are negligible.

n = 0000 <1

frod Design tensile strength

kmod  Modification factor

frok Characteristic tensile strength
Ym Partial factor

fyzd  Design shear strength

fuzk  Characteristic shear strength
fuyd Design shear strength

fuyk  Characteristic shear strength
fm‘y,d Design bending strength

fmyk  Characteristic bending strength
fmzd  Design bending strength

fmzk  Characteristic bending strength
No, Design component for tension
Or0d Design tensile stress

Mo Limit value of design ratio for tension

N,  Design component for shear
Tyy Shear stress

My Limit value of design ratio for shear

N1, Design component for shear

Tz Shear stress

Nty Limit value of design ratio for shear

Ny,  Design component for torsional moment

Timber Design

www.dlubal.com
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Rina Boko Madel: Do 1142023 FPogs  75/77
Kagiceva 26, 10000 Zagreb ooy P ohat :
MODEL
927 MEMBER NO.8 | DS1 | CO1 | 3.748 M | SP0100 Timber Design

Tiord  Design torsional stress

fud Design shear strength’

M Limit value of design ratio for torsional moment
o, Design component for bending moment

Omyd Design bending stress

Noy s Limitvalue of design ratio for bending moment
No, Design component for bending moment

Omzd Design bending stress

Mo,  Limit value of design fatio for bending moment

| weww.dlubal.com | RFEM 8.02.0063 - General 3D airuchras sobvad using FEM
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Rina Boko Maodek: Dol 1142023 FPoge  76/77
Kagiceva 26, 10000 Zagreb Siabols s mng Sheet 1
MODEL
10 Design Overview L]

101 DESIGN OVERVIEW
h ! Objects Design ~ Loading
Addon: ~ Type | No. Location[m]  Situation  No.
Timber Design ~ Member 1 x: 0.000 DS1 co2
lmber Design = Member 8 x: 0.000 Ds1 Cco1
V
Timber Design l Member 8 x: 0.000 DSt co1
Timber Design | Member I 8 x: 1.406 DS3 COo14
L : 3
Timber Design = Member 200 x:0.000 Ds1 Ccos5
Timber Design = Member ] 189 X: 8.345 DSt co2
Timber Design = Member .8 x: 1.406 Ds2 Co6
Timber Design = Member % 2 x:3.129 Ds1 coz
Timber Design = Member 55, x: 1.880 DS3 CO15
Timber Design = Member 55 x: 1.880 DS2 Cco10
Timber Design = Member 4 x: 3.750 Ds1 co2
Timber Design = Member 164 x: 5421 DS1 CO5
Timber Design  Member 237 X: 0.950 | Ds1 ! Cco2
Timber Design = Member 55 x: 3.800 Ds1 CO5
|
Timber Design = Member 3 x: 10.300 Ds1 co2
Timber Design = Member 191 x:1.513 Ds1 ] co1
Timber Design = Member 188 x: 0.000 Ds1 co2
'

Timber Design = Member 84,171 x: 0.000 Ds1 Co4
Timber Design = Member 13 x: 0.950 DSt l co1
Timber Design = Member 191 x:1.513 DS1 co1
Timber Design = Member 239 x: 0.000 Ds1 co2
Timber Design = Member 184 x: 3.750 DS1 Cco1
Timber Design = Member 8, x: 3.748 DS1 co1

16,24,35,40,43 48,

56,61,62,66,70,78,

91,95,99,102,107,

120,124,128,136,1

49,153,157,160,16

5,177,178,182,186

194,202
Timber Design = Member 1-4,7,8,10,11,16,1 x: 0.000 DS2 Cosé

8,19,24,34,35,40,4
2-45,47 48,55-62,
64-66,68-70,72-75
,77,78,84-91,93-9
5,97-99,101-104,1
06,107,113-120,12
2-124,126-128,13
0-133,135,136,14
2-149,151-153,15
5-157,159-162,16
4,165,171-178,18
0-182,184-186,18
8-191,193,194,20

Design Overview

Design Check
Ratio n [-] Type Description
1.130 ¥ S$T1600.03  Stability | Biaxial bending and
compression with buckling about both
axes acc. 10 6.3.2
0.956 v ST1600.01 Stability | Bending about y-axis and
compression with buckling about both
axes acc. 0 6.3.2
0.920 v SP6100.00 Section Proof | Bending about y-axis
and compressive axial force acc. to
6.24
0.571 v SE1200.02 = Serviceability | Combination of actions
‘Quasi-permanent 1" | z-direction acc. to
72
0.563 v SP5300.00 Section Proof | Biaxial bending and
tensile axial force acc. to 6.2.3
0.462 v SP6300.00 Section Proof | Biaxial bending and
compressive axial force acc. to 6.2.4
0.428 v SE1200.01 ' Serviceability | Combination of actions
'Characteristic' | z-direction acc. to 7.2
0.394 v SP5100.00  Section Proof | Bending about y-axis
and tensile axial force acc. to 6.2.3
0.374 v SE1100.02 = Serviceability | Combination of actions
‘Quasi-permanent 1' | y-direction acc. to
72
0.365 v SE1100.01 | Serviceability | Combination of actions
'Characteristic' | y-direction acc. to 7.2
0.342 v SP3100.00 Section Proof | Shear in z-axis acc. to
6.1.7 | Rectangular section
0.208 v ST1300.00  Stability | Axial compression with
buckling about both axes acc. to 6.3.2
0.165 v SP4300.00 = Section Proof | Biaxial bending acc. to
6.1.6
0.146 v SP3200.00 Section Proof | Shear in y-axis acc. to
6.1.7 | Rectangular section
0.127 v SP4100.00 = Section Proof | Bending about y-axis
acc. 10 6.1.6
0.121 v ST1600.02 = Stability | Bending about z-axis and
compression with buckling about both
axes acc. 10 6.3.2
,0.077 v SP1200.00  Section Proof | Compression along
grain acc. t0 6.1.4
“0:066 v SP2100.00 = Section Proof | Shear due to torsion
acc.106.1.8
0.046 v SP5200.00 Section Proof | Bending about z-axis
| and tensile axial force acc. t0 6.2.3
0,035 v SP6200.00 Section Proof | Bending about z-axis
) and compressive axial force acc. to
6.24
0.032 v SP1100.00  Section Proof | Tension along grain acc.
t06.1.2
0.017 v SP4200.00 Section Proof | Bending about z-axis
) acc. 10 6.1.6
0.000 v SP0100.00  Section Proof | Negligible internal
] forces
0.000 v SE0100.01  Serviceability | Negligible deflection |

Combination of actions 'Characteristic'

[ vwwedlubal.com |7 RFEM 02,0063 - General 3D siruckres solved uaing FEM
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Rina Boko
Katiceva 26, 10000 Zagreb

Madel:

Rina Boko 5.z0na

Dol 1142023 Poge 7777
Sheet 1

RESULTS

10.1 DESIGN OVERVIEW

Objects
Addon o~ Type No.
0-211,219-242
1-4,7,8,10,11,16,1
8,19,24,34,35.40,4
2-45,47,48,55-62,
64-66,68-70,72-75
,77,78,84-91,93-9
5,97-99,101-104,1
06,107,113-120,12
) 2-124,126-128,13
0-133,135,136,14
2-149,151-153,15
‘ 5.157,159-162,16
| 4,165:171-178,18
0-182,184-186,18
8-191,193,194,20
Y0-211,219-242

Timber Design,, Member

11 Parts List

L PARTS LIST - ALL BY MATERIAL

Material
No. Material Name
1 Cc24
Total

Z Total

Design Loading
Situation No.

Location [m]

x: 0.000 Ds3 co1

. Object Type

J Members

]

Ratio n [~]

Design Check

0.000 v

Tot. Coating
Cy [m?]
457.216
457.216

457.216

Type

SE0100.02

Design Overview

Description

Combination of actions 'Quasi-
permanent 1"

Parts Lists

Tot. Volume Total Mass
Vi [m?] M; [t)
15.636 6.567
15.636 6.567

15.636 6.567

I www.dlubal.com
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Rezultati ovih proracuna pokazali su da svi dijelovi nosivog sustava krovista, 0osim pojedinih
rogova, zadovoljavaju provjeru grani¢nih stanja nosivosti i grani¢nih stanja uporabljivosti
prema Eurokodu 5. Konstrukcijski elementi koji ne zadovoljavaju uvjet stabilnosti, ne mogu
podnijeti zadano opterecenje. Da bi se ipak zadovoljio uvjet stabilnosti tih elemenata, potrebno

je izvrsiti ojacanje istih dodavanjem drvenih elemenata.

3. ZAKLJUCAK

Kroz ovaj je rad prvo prikazano ponasanje drvenih konstrukcija u pozaru na temelju opisa
metoda pozarnog prora¢una konstrukcija. Drugi dio rada sastoji se od vizualnog pregleda dijela
krovista zagrebaCke Stare gradske vijenice, ocjene mehanickih karakteristika elemenata
krovista nerazornim ispitivanjima koriste¢i vlagomjer i rezistograf. Na koncu, izraden je

staticki model i proveden proracun krovista.

Teorijski okvir predstavljen u uvodnom dijelu rada pokazuje da je prilikom dokaza mehanicke
otpornosti i stabilnosti potrebno dokazati otpornost nosive drvene konstrukcije u slucaju
djelovanja pozara u ovisnosti o zahtjevu otpornosti konstrukcije na pozar (R30, R60, R90, ...)
kao jednom od bitnih zahtjeva u gradevini. Prilikom analize poZarne otpornosti potrebno je u
obzir uzeti smanjenje poprecnog presjeka ili smanjenje mehanickih svojstava konstrukcijskih

elemenata.

Ovim ispitivanjima i analizom bilo je vazno provjeriti zadovoljava li trenutno stanje krovista
uvjete sigurnosti nosivih konstrukcija. Analizom je utvrdeno da odredeni konstrukeijski
elementi ne zadovoljavaju uvjete grani¢nog stanja nosivosti i grani¢nog stanja uporabljivosti
sukladno Eurokodu 5 te je iste potrebno ojacati kako bi se postigla njihova stabilnost i stabilnost

cijelog krovista.
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