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STUDIU TEHNIC

1. PREZENTARE STUDIU TEHNIC

Prezentul studiu tehnic a fost intocmit la solicitarea beneficiarului BMI
ROMANIA SISTEME DE INVELITORI S.R.L. in scopul determinarii eficientei
economice in cazul utilizarii invelitorilor de tip ,Bramac”. Astfel, in cadrul studiului
se vor analiza influentele generate de tipul Tnvelitorii asupra sistemului structural al
unei cladiri, respectiv cuantificarea acestora sub forma de consumuri de material.

La solicitarea beneficiarul s-a ales aleatoriu un partiu de arhitectura pentru o
cladire de tip vila cu regim de inaltime P+M si structura in cadre de beton armat cu
functiunea de locuintd unifamiliald. Amplasamentul pentru care se efectueaza
analiza structurala a modelor de calcul a fost propus de beneficiar intr-o zona cu
hazard seismic moderat care acopera o buna parte din teritoriul Romaniei, iar
pentru stabilirea parametrilor de calcul ai actiunii seismice s-a ales un amplasament
localizat in orasul Brasov.

Modelarea actiunii seismice s-a facut in acord cu prevederile normativului de
proiectare seismica a cladirilor in vigoare P100-1/2013. Codul de Proiectare
Seismica P100-1/2013 utilizeazéa un IMR de 225 ani (Siguranta Vietii),
corespunzatoare unei probabilitati de depasire de 20% in urmatorii 50 de ani. Harta
de zonare seismica si valorile rezultate ale acceleratiei terenului pentru proiectare
sunt prevazute la un IMR de 225 ani. intrucat tendinta codurilor de proiectare la
nivel global este de majorare a intervalului mediu de recurenta, la solicitarea
beneficiarului s-a considerat o cerinta de performanta superioara care sa aiba in
vedere viitoarele modificari ale codurilor de proiectare. Astfel, pentru determinarea
valorilor de proiectare ale fortelor seismice a fost considerat un IMR de 475 de ani,
iar acceleratia terenului de proiectare pentru acest IMR a fost determinata prin
scalare conform prevederilor din normativul pentru evaluarea seismica a
constructiilor existente in vigoare P100-3/2019 unde sunt indicati factori de scalare
pentru cerinte de performanta superioare.

Analiza structurala a fost efectuata in programe de calcul cu element finit,
respectiv ETABS21, iar structurile s-au modelat independent pentru fiecare caz
analizat. Cele doua modele prezinta structuri de rezistenta, compartimentari si
alcatuiri similare, diferenta intre modele constand in tipul de invelitoare utilizat la
nivelul acoperisului. In primul model s-a utilizat invelitoare de tip , Tigld romana”, iar
in cel de al doilea model s-a utilizat invelitoare din ,Tigla metalica”.

Invelitoarea de tip , Tigla romana” utilizata in analiza structurala este realizata
din nisip, ciment, apa si pigmenti anorganici, avand o greutate de 4.45 kg/buc.
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Pentru un m? de acoperis sunt necesare cca. 10 bucati de tigla, astfel rezultd o
greutate topita de cca. 45 kg/m? de acoperis.

Invelitoarea de tip , Tigla metalica” utilizata in modele de calcul este realizata

din otel galvanizat la cald, avand o greutate specifica redusa de 4.45 kg/m? de
acoperis.

In cadrul studiului tehnic s-a realizat o analizd comparativd a celor doua
modele considerate pentru fiecare etapa a calculului structural. S-au evaluat
rezultate din analiza modala, deplasari relative de nivel, eforturi de proiectare,
dimensionare elemente de beton armat (grinzi, stalpi, placi) si elemente constitutive
sarpanta. Diferentele rezultate s-au evidentiat atat din punct de vedere al eforturilor
de proiectare, cét si in consumurile aferente de materiale pentru cele doua cazuri
dimensionate.

Constructia propusa este o cladire de tip vila unifamiliald cu o suprafata
construita la sol de cca. 268 mp. In elevatie, cladirea are o inaltime supraterana
maxima de cca. 7.50 m. Suprastructura se incadreaza in plan intr-un dreptunghi cu
laturile de 10.70m x 25.90 m.
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PLAN PARTER

Cota 0,00 m a cladirii este cu cca. 66 cm mai sus fata de cota terenului
natural din amplasament. Cota terenului amenajat (CTA) este la -0.56 m raportate
la cota +0.00 (a finisajului de la parter din zona central-estica). Zona vestica a
cladirii de afla la cota -0.36 m raportata la cota £0.00.

inaltimile de nivel sunt: parterul este de 2.88 m in zona central estica,
respectiv 3.24 m in zona vestica, iar mansarda are inaltime variabila.
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PLAN MANSARDA

Cota +0,00 m a cladirii este cu cca. 66 cm mai sus fatd de cota terenului
natural din amplasament. Cota terenului amenajat (CTA) este la -0.56 m raportate
la cota +0.00 (a finisajului de la parter din zona central-estica). Zona vestica a
cladirii de afla la cota -0.36 m raportata la cota +0.00.

Tnél’gimile de nivel sunt: parterul este de 2.88 m in zona central estica,
respectiv 3.24 m in zona vestica, iar mansarda are inaltime variabila.
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SECTIUNI TRANSVERSALE

Din punct de vedere al modului de organizare al spatiului interior, la parter,
se regaseste garajul dispus in zona vestica, un portic cu doua travee, zona de living,
un grup sanitar si spatiul tehnic. Zona centrala si estica se dezvolta la cota +0.00 si
cuprinde zona de dining, bucatarie si dormitoare, precum si zona de terase realizate
sub forma unui portic ce este dispus in fatada sudica. Accesul spre mansarda se
face printr-o scara intr-o rampa. Mansarda cladirii cuprinde dormitoare, grupuri
sanitare si depozitari.
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Mansarda se dezvolta la cote variabile pe inaltime, iar acoperisul este
realizat in fiecare zona cu nvelitoare Tn doua ape, avand un unghi de cca. 20°
(panta de cca. 40%).

FATADE LATERALE

Pentru realizarea prezentului studiu tehnic s-au avut in vedere standardele
si normativele in vigoare.

MODEL 3D: VEDERE SUD-VEST
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2. PREZENTAREA SISTEMULUI CONSTRUCTIV

2.1. SUPRASTRUCTURA

Partiul de arhitectura propus de beneficiar in prezentul studiu se
caracterizeaza prin deschideri intre pereti de cca. 5,00 m, iar peretii interiori de
compartimentare au preponderent grosimi reduse de 12,5 cm si sunt realizati din
gips-carton.

Pentru iluminarea naturala a spatiilor interioare, tema de proiectare propune
spatii vitrate generoase. In consecinta, pentru a satisface cerintele arhitectural-
functionale si volumele propuse prin tema de proiectare a fost necesara
implementarea unui sistem structural de tip cadre din beton armat dispuse pe cele
doua directii principale.

Este important de precizat de faptul ca un sistem structural de tip pereti
portanti de zidarie confinata nu poate fi adaptat partiului de arhitectura propus din
cauza grosimilor de pereti interiori, volumelor mari de goluri etc.

in urma predimensionérilor de rezistenta si rigiditate au rezultat urmatoarele
sectiuni ale elementelor structurale: stalpii au dimensiuni de 30x30 cm, iar grinzile
cadrelor au sectiunea de 30x35 cm fiind rigidizate in plan orizontal cu placi de beton
armat cu grosimea de 13 cm. Grinzile dispuse pentru bordajul golurilor din placa,
cat si centurile de la nivelul mansardei vor avea dimensiuni de 30x30 cm.

Planseul de beton armat asigura pe de o parte efectul de saiba orizontala
care distribuie fortele orizontale din seism la toate elementele structurii Si pe de alta
parte izolatia fonica necesara intre niveluri.

Peste zona de garaj si peste cele doua portice din fatada sudica nu s-au
prevazut placi din beton armat din considerente estetice de arhitectura.
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MODEL STRUCTURAL 3D: VEDERE SUD-VEST

MODEL STRUCTURAL 3D: VEDERE NORD-EST
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2.2. ELEMENTE NESTRUCTURALE

Peretii din zidarie au rol de inchidere perimetrala si sunt realizati din
elemente ceramice GVP in grosime de 38 cm. S-a ales aceasta solutie de anvelopa
intrucat studiul are in vedere acoperirea unui areal cat mai mare de constructii
dispuse atat in zone cu climat mai rece, cat si cu climat mai cald. Totodata, normele
care au intrat in vigoare privind eficienta energetica si emisele de carbon actuale
NZEB prevad solutii de izolare termica superioara, fata de cele utilizate in mod
curent pana in prezent pe teritoriul Romaniei. Grosimea superioara a zidarie
conduce si la un spor de greutate in ceea ce priveste incarcarile provenite din
nchideri, astfel analiza structurala fiind efectuata pe un model cat mai relevant de
implementat in viitoarea perioada. La nivelul parterului, compartimentarile interioare
sunt partial din zidarie de caramida de 25 cm grosime (GVP) si preponderent din
pereti de gips-carton montati pe structura usoara din profile de aluminiu. La nivelul
mansardei, compartimentarile interioare propuse sunt din pereti usori din gips-
carton, cu exceptia peretelui adiacent scarii.

2.3. SISTEMUL DE ACOPERIS

Sarpanta este realizata din elemente de lemn ecarisat si prezintd conform
temei de proiectare propuse studiului tehnic doua ape. Aceasta este realizata la
cote diferite pe Tnaltime, unghiul realizat de sarpanta fiind de 20" (panta de cca.
40%).

Cota maxima a sarpantei este in zona centralda a cladirii, avand cota
superioara la +6.98m fata de cota +0.00. Adiacent zonei centrale, in vestul acesteia
sarpanta are cota superioara la +6.45 m, iar in zona estica +6.06 m. Zona garajului
dispus in extremitatea vestica prezinta coama la cota cea mai redusa, respectiv la
cota +4.25m.

In primul model analizat invelitoarea este realizata din ,1igld romana” si are
o greutate de cca. 45 kg/m? (0.5K N/m?).

in cel de al doilea model analizat invelitoarea este realizata din ,Tigla

o

metalicd” si are o greutate de cca. 4.45 kg/m? (0.05KN/m?).

MODEL 3D CU ALCATUIREA SARPANTEI
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3. BREVIAR DE CALCUL

3.1.  INCARCARI S| ACTIUNI ASUPRA STRUCTURII

Pentru calculul eforturilor structurale si dimensionarea elementelor de beton
armat: placi, grinzi si stalpi, s-a avut in vedere evaluarea incarcarilor gravitationale
si a celor cvasipermanente: greutatea proprie a elementelor structurale, zidaria de
compartimentare, peretii despartitori, pardoseala si incarcarea utila pentru scari si
plansee. Totodata, in conformitate cu amplasamentul propus s-au luat in
considerare incarcarile provenite din zapada si vant, precum si actiunea seismica.
Valoarea incarcarilor si modul de combinare au avut in vedere prevederile
normativelor enumerate mai jos:

e P100-1/2013 - Cod de proiectare seismica: Partea | - Prevederi de
proiectare pentru cladiri;

e P100-3/2019 - Cod de proiectare seismica: Partea a lll-a - Prevederi
pentru evaluarea seismica a cladirilor existente;

e SR EN 1990:2004 - Bazele proiectarii structurilor;

e SR EN 1990:2004/NA:2006 - Bazele proiectarii structurilor - Anexa

Nationala

e SR EN 1991-1-1:2004 - Actiuni generale - greutati specifice, greutati
proprii, Tncarcari utile pentru cladiri;

e SR EN 1991-1-1:2004/NA:2006 - Actiuni generale - greutati specifice,
greutati proprii, incarcari utile pentru cladiri - Anexa National;

e SR EN 1991-1-3:2005 - Actiuni generale - incarcari date de zapada;

e SR EN 1991-1-3:2005/NA:2006 - Actiuni generale - incarcari date de
zapada — Anexa Nationala;

e SR EN 1991-1-4:2006 - Actiuni generale - Actiuni ale vantului;

e SR EN 1991-1-4:2006/NB:2007 - Actiuni generale - Actiuni ale
vantului — Anexa Nationala;

e SR EN 1996-1-1:2006 - Reguli generale pentru constructii de zidarie
armata si nearmata;

e SR EN 1996-1-1:2006/NB:2008 - Reguli generale pentru constructii
de zidarie armata si nearmata - Anexa Nationala;

e SR EN 1992-1-1:2006 - Proiectarea structurilor de beton - reguli
generale si reguli pentru cladiri;

e SR EN 1992-1-1:2006/NB:2008 - Proiectarea structurilor de beton —
reguli generale si reguli pentru cladiri - Anexa Nationala;

e SR EN 1998-1:2006 - Proiectarea structurilor pentru rezistenta la
cutremure - reguli generale, actiuni seismice si reguli pentru cladiri;

10
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e SR EN 1998-1:2006/NA:2008

Proiectarea structurilor pentru

rezistenta la cutremure - reguli generale, actiuni seismice si reguli pentru

cladiri — Anexa Nationala;

e CRO0-2012 - Cod de proiectare. Bazele proiectarii constructiilor;
e CR 1-1-3-2012 -“Cod de proiectare. Evaluarea actiunii zapezii asupra

constructiilor”

e CR 1-1-4-2012 -Cod de proiectare. Evaluarea actiunii vantului asupra

constructiilor”,

e CR6-2006 - Cod de proiectare pentru structuri din zidarie;
e NP 112-04 - Normativ pentru proiectarea structurilor de fundare

directa;

3.1.1. INCARCARI PERMANENTE

Greutatea proprie a elementelor structurale din beton armat si a elementelor
de sarpanta se determina in mod automat in cadrul programului de calcul.
Fata de greutatile proprii a elementelor s-au mai dispus urmatoarele

incarcari permanente:

e Model 1: invelitoare din »Tigla romana”

Pereti de inchidere din zidarie GVP

bzia*hzia*yeve KN/ml

Pereti de compartimentare din zidarie GVP

bzid*hzida*yeve KN/ml

Pardoseala si straturi planseu peste parter

2.50 kKN/m?Z

Greutate proprie invelitoare ,Tigla romana”

0.50 kN/m?

e Model 2: invelitoare din ,,Tigla metalica”

Pereti de inchidere din zidarie GVP

bzia*hzia*yeve KN/ml

Pereti de compartimentare din zidarie GVP

bzia*hzia*yeve KN/ml

Greutate elemente sarpanta

Pardoseala si straturi planseu peste parter 2.50 kN/m?
Greutate proprie invelitoare ,Tigla metalica” 0.05 kN/m?
3.1.2. ACTIUNI VARIABILE
Incarcari distribuite uniform pe suprafata (gx):
Spatii standard de locuit, Cladire Categoria A 2.0 kN/m?
Scari 2.5 kKN/m?
Balcoane 2.5 kKN/m?

Pereti despartitori — Gips-Carton

Pereti cu greutate <2,0 kN/m2: 0.80 kN/m2

1
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STUDIU
TEHNIC

3.1.3. INCARCAREA DATA DE ZAPADA

Conf. CR 1-1-3:2012 (4.1)

S = yis Hi Ce Ct Sk, unde
yis — este factorul de importanta-expunere pentru actiunea zapezii
yis=1
i — coeficientul de forma al incarcarii din zapada pe acoperis
Mi=0.8
Sk— valoarea caracteristica a incarcarii din zapada pe sol [KN/m?]
Sk =2,00 KN/m? pentru amplasament Brasov
Ce — coeficientul de expunere al constructiei in amplasament
Ce =1.00
Ct — coeficientul termic

Ci=1.00
Astfel, incarcarea din zapada la nivelul acoperisului este:
S = yis Hi Ce Ct Sk= 1.60 KN/m?

Harta zonarii pentru presiunea de referinta a vantului gp (kPa), la IMR = 50 ani
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D.p.d.v. al incércarilor din vant, conform CR 1-1-4-2012, presiunea de referin{a a
vantului intr-un amplasament din orasul Brasov este 0.60 kPa.

3.1.5. ACTIUNEA SEISMICA

Proiectarea seismica a fost realizata in conformitate cu normativul P100-
1/2013, iar pentru actiunea seismica s-a avut in vedere o cerinta de performanta
superioara (IMR 475 ani).

Codul de Proiectare Seismica P100-1/2013 utilizeaza un IMR de 225 ani
(Siguranta Vietii), corespunzatoare unei probabilitati de depasire de 20% in
urmatorii 50 de ani. Astfel, harta de zonare seismica si valorile rezultate ale
acceleratiei terenului pentru proiectare sunt prevazute la un IMR de 225 ani.

Pentru obtinerea acceleratiilor de proiectare aferente cerintei de performanta
IMR 475 de ani s-au utilizat prevederile codului P100-3/2018.

Valorile de varf ale acceleratiei seismice orizontale corespunzatoare
intervalului mediu de recurenta considerat in cazul de fata, respectiv 475 de ani, se
determina pe baza valorilor aq stabilite conform zonarii prevazuta de P100-1/2013,
pentru intervalul mediu de recurenta de 225 de ani, prin multiplicare cu factorii de
scalare din Tab. A.1 din P100-3/2018.

Astfel, pentru judetul Brasov, pentru IMR=475 de ani, raportul intre
acceleratia terenului de proiectare corespunzatoare unui IMR de 475 de ani si
acceleratia terenului de proiectare corespunzatoare unui IMR de 225 de ani este
1.35.

a475

g
=1.35
aézs

Clasa de importanta a constructiei analizate este Il conform normativ P100-
1-2013, iar categoria de importanta ,C” conform cu HGR 766 /1997 .

Factor de importanta y;=1,0

Valoarea (de varf) a acceleratiei terenului pentru proiectare:

Nan sl oewtwn - 2aomres wxkeror 400Ul e scocerand KR aw el powre preoowrr e o DK = 23S amiol X praw Bius drdepdine e S0 i

Harta de zonare a valorilor de varf ale accelerafiei terenului pentru proiectare cu IMR = 225 ani,
corespunzéatoare unei probabilitati de depasire de 20% in 50 de ani
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Pentru Brasov IMR 225:

az?® = 0,20g
Pentru Brasov IMR 475:
ag’® =0,27g
- Perioade de control / de colt: ] ‘ﬁ.
o Tp=0.14s - i)
o Tc=07s e L |'| \
@) TD = 3.00s ___J_"III‘ ",' uj £
™ ( A o )

=
i
) S ¥

- Factor de amplificare dinamica maxim f8 =

T.Bﬂ'l-l-? TF_F. ﬁ"-'l

i ] | 1.4 T 18
v -ﬁ'emeda?'.s-'

- Factor de comportare — q pentru structurain cadre de beton cu neregularitate in plan
si elevatie este 4.60.

Forta seismica:
Fb=yl «Sd(T)*m=x* A
Coeficientul seismic rezulta:

,B(T) a4—75
¢ =y *ag”® q *A*agzs
g

s = 0.147

3.2. DIMENSIONARE $I CALCUL

3.2.1. COMBINATII DE iNCARCARI

Pentru determinarea eforturilor sectionale ale elementelor de beton armat efectele actiunilor
au fost combinate conform Codului de Proiectare CRO — 2012 — Bazele Proiectérii in
Constructii.

(i) In cazul de proiectare la Starea Limita Ultima (SLU):
e pentru incarcari gravitationale predominante (gruparea fundamentala)

n n
1.352 Gy + 15U + Z 1.05 - Q,
j=1 i=1
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e pentru actiunea predominanta a vantului:

n
1.35 - Z Gyj + 1.5 Vi + 1.05 - Uy
j=1
e pentru actiunea seismica (gruparea seismica):

n n
D Gy + il + ) 03 Qg
i=1

j=1

(i) In cazul de proiectare la Starea Limita de serviciu / de exploatare (SLS):
e Actiunea vantului, in combinatie caracteristica a efectelor actiunilor asupra structurii:

n n
ch‘]+Vk+ZO7Uk
j=1 i=1

e Actiune dinamica a vantului, in combinatia frecventa a efectelor actiunilor asupra

structurii:
n n
ch,j+0.2-vk+20.3-uk
j=1 i=1

e Combinatie cvasi-permanenta a efectelor actiunilor gravitationale asupra structurii

(efecte de lunga durata)
n n
D Gyt ) 0304
j=1 i=1

e Combinatie cvasi-permanenta a efectelor actiunii seismice asupra structurii
n n
Z Gk,j + )/IAEk + Z 03 * Qk,i
j=1 i=1

Pentru determinarea eforturilor sectionale la ULS si SLS ale elementelor de lemn s-au
realizat combinatii de incarcari in conformitate cu prevederile CRO — 2012, EN1995-1-1:2009
si NP 005-2022.

3.2.2. ANALIZA S| MODELAREA STRUCTURALA

Pentru calculul structural s-au folosit programe automate de calcul bazate
pe metoda elementului finit cu care s-a putut modela suprastructura cladirii in cele
doua variante de invelitoare.

Se mentioneaza ca modelele de calcul au fost incastrate la baza parterului
si nu s-a modelat interactiunea teren-structura.

Conformarea de ansamblu a structurii s-a facut astfel incat sa se respecte
conditiile de siguranta-stabilitate, ductilitate si rigiditate.

Proiectarea seismica a constructiei a urmarit sa realizeze:

- o conformare generala favorabila, aceasta implicand alegerea unei forme
favorabile Tn plan (rectangulara), cat si pe verticala, dispunerea si conformarea
corecta a elementelor structurale: stélpi, grinzi si plansee precum si a elementelor
nestructurale;

- asigurarea unei rigiditati suficiente la deplasari laterale in masura sa limiteze la
valori admisibile atat deplasarile absolute, céat si cele relative (0.005), astfel incéat
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sa nu apara pericolul pierderii stabilitatii sau pentru a nu spori substantial efectele
de ordinul doi;

- obtinerea unui mecanism structural favorabil de disipare a energiei sub actiuni
seismice de intensitate ridicata:
o dirijarea articulatiilor plastice potentiale (acele zone susceptibile a fi
solicitate in domeniul post-elastic) la capetele grinzilor acestea avand o
capacitate de deformare post-elastic substantiala - cedarea acestora nu pune
in pericol stabilitatea generala a constructiei;
e articulatiile plastice potentiale sunt distribuite relativ uniform pe
intreaga structura si sunt caracterizate de cerinte de ductilitate reduse;
¢ planseele sunt solicitate Tn domeniul elastic;
e elementele structurale au fost alcatuite si dimensionate astfel incat sa
se evite ruperea casanta a acestora;

Fortele taietoare de calcul din elementele de cadru s-au considerat cele
asociate mecanismului de plastificare.

3.2.3. PARAMETRII PRINCIPALI $I REZULTATELE ANALIZEI

e Model 1: invelitoare din »Tigla romana”

Modul 1 de vibratie Modul 2 de vibratie Modul 3 de vibratie
Perioada 0.321s Perioada 0.31s Perioada 0.261s
Translatie pe directia OY Translatie pe directia OX Torsiune generala

e Model 2: invelitoare din » Tigla metalica”

Modul 1 de vibratie Modul 2 de vibratie Modul 3 de vibratie
Perioada 0.312s Perioada 0.302s Perioada 0.254s
Translatie pe directia OY Translatie pe directia OX Torsiune generala

Modurile de vibratie sunt similare, respectiv translatie pe directie scurta OY
in primul mod de vibratie, translatie pe directie lunga OX in al doilea mod de vibratie
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si torsiune generala in modul 3. Diferentele cu privire la perioadele de vibratie sunt

nesemnificative.

Evaluarea comparativd a greutatii cladirii si a fortei taietoare de baza
asociate celor doua modele:

cs=0.147 Model 1 tigla romana | Model 2 tigla metalica
Greutate[KN] 3051 2936
Forta taietoare de baza[KN] 448 432

Comparatie grafica greutate cladire in cele doua

3500

3000

Greutate cladire [KN]
= = N N
o (O] o u
o o o o
o o o o

500

modele

3051

2936

W Model 1 tigla romana

B Model 2 tigla metalica

Comparatie grafica forta taietoare de baza in cele

500
450
400
350
300
250
200
150
100

50

Forta taietoare de baza [KN]

doua modele

B Model 1 tigla romana

M Model 2 tigla metalica

3.2.4. DEPLASAREA RELATIVA DE NIVEL (DRIFT)

Verificarea la starea limita de serviciu are drept scop mentinerea functiunii
principale a cladirii in urma unor cutremure ce pot aparea de mai multe ori in viata
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constructiei, prin controlul degradarilor elementelor nestructurale si al
componentelor instalatiilor aferente constructiei.

Verificarea la deplasare se face pe baza expresiei (relatia E.1 — anexa E,
Codul P100-1/2013):
dr’l = v« q «dr < dra’’®

unde,

drsis - deplasarea relativa de nivel sub actiunea seismica asociata SLS;

v - factor de reducere care tine seama de perioada de revenire mai mica a
cutremurului. Valoarea

factorului v este: 0,5 pentru cladirile incadrate in clasa Ill de importanta;

g - factorul de comportare specific tipului de structura;

dr - deplasarea relativa a unui nivel determinata prin calcul static elastic sub
incarcari seismice de proiectare;

dra’'S- valoarea admisibild a deplasarii relative de nivel, egala cu 0.005h.

Valorile deplasarilor se calculeaza folosind ipoteze de calcul a rigiditatii
elementelor structurale conforme cu starea efectiva de fisurare a acestora, functie
de gradul de interactiune intre elementele structurale si a celor nestructurale
(compartimentari si inchideri).

Verificarea la starea limita ultima are drept scop evitarea pierderilor de vieti
omenesti la actiunea unui cutremur major, foarte rar, ce poate aparea in viata unei
constructii, prin prevenirea prabusirii totale a elementelor structurale. Se urmareste
deopotriva realizarea unei margini de siguranta suficiente fata de stadiul cedarii
elementelor structurale.

Verificarea la deplasare se face pe baza expresiei:

drULS = ¢« q » dr < dra’’® - deplasarea relativd de nivel sub actiunea
seismica asociata ULS

q - factorul de comportare specific tipului de structura

dr - definit in cadrul paragrafului F.1. in lipsa datelor care sa permita o
evaluare mai precisa, rigiditatea la incovoiere a elementelor structurale, utilizata
pentru calculul valorii dr, se considera egala cu jumatate din valoarea
corespunzatoare sectiunilor nefisurate.

c - coeficient de amplificare al deplasarilor, care tine seama ca pentru
T<Tc deplasarile seismice calculate in domeniul inelastic sunt mai mari decat cele
corespunzatoare raspunsului seismic elastic. Valorile c se aleg conform relatiei de
mai jos.

draVs - valoare admisibila a deplaséarii relative de nivel, egala cu
2.5%.
1<C=3-23+% ;—i < —Vic;q — pentru structuri din beton armat si structuri

compozite cu armatura rigida
Astfel:
g = 4.60 — factorul de comportare al structurii pe directia analizata;
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v=0.5 - factorul de reducere care tine seama de perioada de revenire mai
scurta a actiunii seismice asociata SLS.

c =1.06 - coeficientul de amplificare al deplasarilor, care tine seama ca pentru
T<Tc deplasarile seismice calculate in domeniul inelastic sunt mai mari decat
cele corespunzatoare raspunsului seismic elastic (de regula ,deplasarii egale”).

Au rezultat urmatoarele valori ale drift-urilor asociate SLS si SLU pentru cele
doua modele asociate celor doua tipuri de invelitori:

e Seism pe directia OX

o ) Dra/Dr Dra/Dr
Tip invelitoare NIVEL | DRIFT X[-] | Dr.SLS | Dr.SLU
(SLS) (SLU)
Model 1 (Tigla Parter | 0.00132 | 0.00303 | 0.00639 | 1.65 3.01
romana)
Model 2(Tigla Parter | 0.00125 | 0.00287 | 0.00605 | 1.74 413
metalica)
e Seism pe directia OY
o ) Dra/Dr Dra/Dr
Tip invelitoare NIVEL | DRIFTY [-] | Dr.SLS | Dr.SLU
(SLS) (SLU)
Model 1 (Tigla Parter | 0.00144 | 0.00331 | 0.00698 | 1.51 358
romana)
Model 2(Tigla Parter | 0.00136 | 0.00314 | 0.00662 |  1.59 3.77
metalica)

Valorile deplasarilor relative de nivel pe directia X si cele de pe directia Y
sunt inferioare limitelor impuse de cod pentru structuri noi, atat la SLS, cat si la
SLU, pentru ambele modele.
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3.2.5. CALCUL SI DIMENSIONARE ELEMENTE

Model 3D program de calcul ETABS

Pozitionarea elementelor structurale de beton armat de la parter din
programul de calcul:

— = # + - # 5
® * "
o = = = n = o :
= = ] [ 1 4 = o
] [ I ] ] S
] ] # ] & &

In continuare se prezintd evaluarea comparativa e eforturilor in elementele
structurale din beton armat (grinzi, stalpi, placi) intre cele doua modele de calcul,
respectiv Model 1 (Tigla romana) si Model 2 (Tigla metalica).
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EVALUAREA COMPARATIVA A MOMENTELOR iNCOVOIETOARE iN CADRU
LONGITUDINAL AX 1

Diagrama de momente — Model 1 —Invelitoare Tigla romana
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Se observa ca in cele doua modele diferentele de momente incovoietoare
din elementele de cadru sunt nesemnificative.
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EVALUAREA COMPARATIVA A FORTELOR TAIETOARE iN CADRU
LONGITUDINAL AX 1

Diagrama de forte taietoare — Model 1 — Invelitoare Tigld romana
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Diagrama de forte taietoare — Model 2 — Invelitoare Tigla metalica
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Se observa ca in cele doua modele diferentele de forte taietoare din
elementele de cadru sunt nesemnificative.
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EVALUAREA COMPARATIVA A MOMENTELOR iNCOVOIETOARE iN CADRU
TRANSVERSAL AX C

Diagrama de momente — Model 1 —Invelitoare Tigla romana

e

Se observa ca in cele doua modele diferentele de momente incovoietoare
din elementele de cadru sunt nesemnificative.
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EVALUAREA COMPARATIVA A FORTELOR TAIETOARE iN CADRU
TRANSVERSAL AX C

Diagrama de forte taietoare — Model 1 — Invelitoare Tigld roman3

Se observa ca in cele doua modele diferentele de forte taietoare din
elementele de cadru sunt nesemnificative.
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EVALUAREA CAPACITATE STALPI

Rezultat grafic capacitate stalpi — Model 1 - Invelitoare Tigla romana

g

Rezultat grafic capacitate stalpi — Model 2 — Invelitoare Tigla metalica

Se observa ca in cele douad modele verificarea cerinta / capacitate prezinta
diferente nesemnificative.
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ARII NECESARE DE ARMATURA LONGITUDINALA GRINZI PARTER (mm?)

Rezultat grafic arii necesare de armatura longitudinala grinzi parter — Model
1 —Tnvelitoare Tigla romana
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Rezultat grafic arii necesare de armatura longitudinala grinzi parter — Model
2 —Invelitoare Tigla metalica
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Se observa ca in cele doua modele ariile de armatura longitudinala necesara
in grinzile de la parter prezinta diferente nesemnificative.
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EVALUAREA COMPARATIVA A MOMENTELOR INCOVOIETOARE
IN PLACA DE BETON ARMAT DE PESTE PARTER

Diagrama M11 placa peste parter — Model 1 — Invelitoare Tiglad romana
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Se observa grafic ca in cele doua modele momentele incovoietoare pe
directia (x) sunt similare.
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Diagrama M22 placa peste parter — Model 1 — Invelitoare Tiglad romana
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Diagrama M11 placa peste parter — Model 2 - invelitoare Tigla metalica
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Se observa grafic ca in cele doua modele momentele incovoietoare pe
directia (y) sunt similare.
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3.25.1. CALCUL Sl DIMENSIONARE GRINZI

Pentru exemplificarea dimensionarii s-a calculat grinda de la nivelul
parterului din axul 1/D-E. Eforturile de tip moment Tncovoietor si forta taietoare
rezultate din cele doua modele de calcul sunt similare pe acest element (situatie ce
caracterizeaza marea majoritate a elementelor).

Caracteristici de material

Clasa betonului | C20/25 |
fck= 20 MPa
Ec= 30 GPa
€c2= 0.20%
gcu2= 0.35%

tip otel armatura IonI BSt500 |

fyk= 500 MPa
Es= 210000 N/mm2
€S= 0.21%

tip otel armatura transversala

[ BSt500 |
fywk= 500 MPa
yc= 1.5 coeficienti partiali de siguranta
ys= 1.15
acc= 1
act= 1
fctm= 2.21 N/mm2 rezistenta medie la intindere axiala

fcd= 13.33 N/mm2 rezistente de calcul beton
fctd= 1.00 N/mm2

fyd= 434.78 NNmm2
fywd= 434.78 N/mm2

Stare de eforturi

Ned= 0.00kN forta axiala in grinda daca exista
(-) sus Med-= 55.70kNm momentul de calcul - partea superioara
(+) jos Med+= 40.80kNm momentul de calcul + partea inferioara
GF Vo-= 66.01kN forta taietoare - din programul de calcul
GF Vo+= 65.58kN forta taietoare + din programul de calcul
GS VGS= 41.90kN forta taietoare din gruparea speciala
LO= 5.30m lumina grinzii
actiune= seismica

Caracteristici geometrice placa/grinda
hw= 350.00mm
d 296.04mm inaltimea utila a grinzii
bw= 300.00mm latimea grinzii
hs= 242.07mm
Ac= 105000.00mm2 aria sectiunii transversale
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SuUS as2.1= 38.00mm as2= 38mm
as2.2= 102.00mm d2= 312mm
as2.3= 167.00mm
c2= 25.00mm acoperirea cu beton
As2.1= 3 714 + 0 8 14.0
As2.2= 0 @14 + 0 @10
As2.3= 0 216 + 0 @0
As2= 461.81mm?2
JOS asl.1= 53.00mm asl= 70mm
asl.2= 116.00mm dl=  280mm
asl.3= 172.00mm
cl= 40.00mm acoperirea cu beton
Asl.1= 2 @14 + 0 @12  14.0
Asl.2= 1 @12 + 0 a0 12.0
Asl.3= 0 @0 + 0 @0
Asl= 420.97mm?2
Es= 210000 N/mm2
z= 266.43 mm
xmin= 93.03 mm
xb= 186.01 mm
A= 0.80
X-= 59.24 mm
X+= 53.35 mm
Sus Mrd-= 57.37kNm momentul capabil sus
JOS Mrd+= 47.15kNm momentul capabil jos
Med-/Mrd-= (s 0.97
Med+/Mrd+= @ 0.87
As-= 418.37mm2  aria necesara de armatura longitudinala
As+= 386.08mm2  aria necesara de armatura longitudinala
Calcul la forta taietoare
Ved= 65.57kN
p1= 0.005 coeficient de armare longitudinala
kl= 0.15
ni= 1 pentru beton greu
k= 1.82
ocp= 0.00
cRd,c= 0.12 pentru beton greu
VRd,c= 41.10kN capacitatea portanta a sectiunii de beton
Ved/VRd,c= 1.60

DACA VEd<VRd,c calculeaza etrieri
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Aria de armatura transversala uniform distribuita si necesare

566 mm2/m
Distanta rezulta s= 100 mm
etrieri smax= 444 mm
s din procent minim= 263 mm
Aleg etrieri 76
ne= 2 nr de brate
Asw= 57mm2
6= Imm
slmax= 92mm
Vedmax= 66 kN
&= -0.28
(2+€)*bw*d*fctd= 153 kN verificare necesitatii armaturilor inclinate
nu sunt necesare armaturi inclinate
Aleg s= 75mm distanta intre etrieri
ctg6= 1 pentru 6=45 grade rez cantitatea maxima de arm.transv
0= 45 ° pentru alte valori ale lui 6 se reface calculul ctgb
VRd,s= 87 kN forta taietoare capabila
Ved/VRd,s= 0.75
acp= 0.00 efortul unitar mediu sub efectul fortei axiale Ned
acw= 1.00 coeficient care tine seama de starea de efort in fibra comprin
vi= 0.552 coef de reducere pentru betoane de clasa pana la C60/75
Vrdmax= 294.14kN capacitatea portanta a diagonalelor comprimate de beton
pmin= 0.07%
p= 0.25% procentul de armare transversal
Ved,tot= 87 kN
Verificare conditie de non-fragilitate (longitudinal)
pmin= 0.22% pmin sus=  0.52%
p tot= 0.99% pmin jos= 0.47%

Rezulta pentru grinda prezentata o armare longitudinala la partea de jos de
2014+1P12, iar la partea superioara de 3®14. Armarea transversala rezulta in
zonele critice ®6/75 mm si ®6/150 mm in zonele curente.
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Vedere 3D armare grinzi peste parter

Vedere plan armare grinzi peste parter
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Vedere 3D armare grinzi mansarda

Vedere 3D armare grinzi mansarda
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3.2.5.2. CALCUL $I DIMENSIONARE STALPI

Pentru exemplificarea dimensionarii, s-a calculat stalpul de la nivelul

parterului din axul 1*/E.

Eforturile de tip moment incovoietor si forta taietoare rezultate din cele doua
modele de calcul prezinta diferente nesemnificative (vezi tabel eforturi), iar pentru
dimensionare s-a ales limita superioara care acoperd ambele modele. in orice
situatie, diferentele de eforturi nu modifica armarea in cele doua cazuri (model 1 —
;tigla romana” Med*= 27.6 KNm, Med¥= 25.10 kNm; model 2 — ,tigla metalica” Med*=

26.4 KNm, Med¥= 23.8 KNm).

Sectiuni stalp

bl,x= 300 mm
b2,y= 300 mm
fyk= 500 N/mm2
ys= 1.15
fyd= 434.78 N/mm?2
fck= 20 N/mm2
yc= 1.5
fcd= 13.33 N/mm2
Seism X
Ned= 71 KN Mrc,Rc= 53.6 KNm
Ned= 210 KN Mrc,Rc= 66 KNm
Ned,max= 214 KN ... Mrc,Rc= 66.2 KNm

Seism Y
Mrc,Rc= 54 KNm
Mrc,Rc= 65.6 KNm
Mrc,Rc= 66.2 KNm

Coeficientul de armare longitudinala minim este 0.01. Se propune astfel o
armare longitudinala de 8®12, cate 3 bare/latura. Armarea longitudinala s-a

verificat cu ajutorul programului de calcul.

GRINZI PESTE PARTER

Grinzi adiacente nodului directia X

Armare grinda stanga 30x35 Armare grinda dreapta 30x35

sus 3fil4+2fi12 sus 3fi14+2fi12

As,sus= 688 mm2 As,sus= 688 mm2

Mrd,sus= 71.7 KNm Mrd,sus= 71.7 KNm

jos 2fi14+1fi12 jos 2fi14+1fi12

As,jos= 421 mm2 As,jos= 421 mm2

Mrd,jos= 51 KNm Mrd,jos= 51 KNm
Grinzi adiacente nodului directia Y

Armare grinda dedesubt 30x35 Armare grinda deasupra 30x35

sus 2fil4 sus 2fil4

As,sus= 308 mm2 As,sus= 308 mm2

Mrd,sus= 40.06 KNm Mrd,sus= 40.06 KNm

jos 2fil4 jos 2fil4

As,jos= 308 mm2 As,jos= 308 mm2

Mrd,jos= 37.5 KNm Mrd,jos= 37.5 KNm
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STUDIU
TEHNIC

Calcul la forta taietoare:

Momentele de la capetele stalpilor asociate mobilizarii mecanismul de
plastificare Mab:

Mgy ; = YraMpgc,min (1,

Cu limitarea minima:

!
Mgp; = YraMEg

ZMRb>
% Mg,

Valorile de proiectare ale fortelor taietoare se determina prin scrierea
ecuatiei de echilibru al stalpului incarcat la capete cu momentele Mao Si fortele
taietoare corespunzatoare.

Mdc,jos=
Med'=
Med"™yRd=

Mdc,sus=
Med'=
Med™*yRd=

LO=
Ved, X=
Ved'=
1.5Ved=
gVed'=
Ved, X fin=

As, nec,X =

Procent minim
Jo)

S =

bl,x=
Asw,min=

Propun
etr perimetral
etr int

35

Vea =
Lcl
X Y
86.06 KNm Mdc,jos= 86.06 KNm
26.4 KNm Med'= 23.8 KNm
34.32 KNm Med™yRd= 30.94 KNm
79.44 KNm Mdc,sus= 51.5 KNm
22.7 KNm Med'= 17.14 KNm
27.24 KNm Med™yRd= 20.568 KNm
253 m LO= 253 m
65.415 KN Ved,Y= 54.38 KN
20 KN Ved'= 16 KN
30 KN 1.5Ved'= 24 KN
138 KN gVed'= 110.4 KN
65.415 KN Ved,Y fin= 54.38 KN
50.152 mm2 As, nec,Y = 41.69 mm2
ZONA CRITICA BAZA
X Y
Procent minim
0.005 P 0.005
75 mm = 75 mm
300 mm b2,y= 300 mm
112.5 mm2 Asw,min= 112.5 mm2
(] 8 mm A, 1fi8= 50.27 mm2
(0] 6 mm A, 1fi6= 28.27 mm2
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L1,x,fi ext= 250 mm L1,Y,.fil2= 250 mm
Nr. Buc. L1= 2 buc Nr. Buc. L1= 2 buc
L2,x,fi int= 150 mm L2,Y,fil0= 150 mm
nr. Buc L2= 1.41 buc nr. Buc L2= 1.41 buc
Vol etr de confinare= 62225.526 mm3
Vol miezului de bet conf= 4687500 mm3
wd= 0.43 >= 0.12
X Y

etr perimetr @®= 8 mm etr perimetr @®= 8 mm
nr brate 2 brate nr brate 2 brate
etr int o= 6 mm etr int b= 6 mm
nr brate 1.41 brate nr brate 1.41 brate

As, eff, X= 140.40 mm2 As,eff, Y= 140.4 mm2

Vrd,s= 183.13 mm2 Vrd,s= 183.13 mm2

n= 0.552

Vrd,max,X  298.08 KN Vrd,max,X= 298.08 KN

ZONA CRITICA REST
Procent minim Procent minim
Jo) 0.0035 Jo) 0.0035
s = 75 mm s = 75 mm
bl,x= 300 mm b2,y= 300 mm
Asw,min= 78.75 mm2 Asw,min= 78.75 mm2
Propun
etr perimetral o= 8 mm A, 1fi8= 50.27 mm2
etr int o= 6 mm A, 1fi6= 28.27 mm2
L1,x,fi ext 250 mm L1,Y,fi ext 250 mm
Nr. Buc. L: 2 buc Nr. Buc. L1 2 buc
L2,x,fi int 150 mm L2,Y,fi int 150 mm
nr. Buc L2 1.41 buc nr. Buc L2 1.41 buc
X

etr perimetr &= 8 mm etr perimetr &= 8 mm
nr brate 2 brate nr brate 2 brate
etrint b= 6 mm etrint b= 6 mm
nr brate 1.41 brate nr brate 1.41 brate

As,eff, X= 140.40 mm2 As,eff, Y= 140.398 mm?2
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Rezulta pentru stalpi o armare longitudinala de 8®12. Armarea transversala
rezultd in zonele critice etr. ®8/75 mm perimetral si etr. ®6/75 mm interior de tip
romb, iar in zonele curente similar dispusi la pas de 150mm.

8012

Vedere 3D armare stalpi
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Vedere 3D armare stalpi
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Vedere 3D armaturi stalp

Vedere 3D nod grinda- stalp parter
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Vedere 3D nod grinda - stalp mansarda

3.2.5.3. CALCUL Sl DIMENSIONARE PLACA

Pentru exemplificarea calcului, se va determinarea armare curenta din placa
de la nivelul parterului.

Eforturile de tip moment incovoietor pe cele doua directii sunt similare intre
cele doua modele de calcul.

Caracteristici de material

Clasa betonului | C20/25 |
fck= 20 MPa
Ec= 30 GPa
€c2= 0.20%
ecu2= 0.35%
tip otel armatura IonI BSt500 |
fyk= 500 MPa
Es= 210000 N/mm2
€8= 0.21%

Caracteristici geometrice placa
hw= 130.00mm

d= 105.00mm inaltimea utila a grinzii
bw= 1000.00mm latimea grinzii
hs= 80.00mm

Ac= 130000.00mm2 aria sectiunii transversale



GADO CONS CONSTRUCT S.R.L.

STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII INVELITORILOR DE TIP BRAMAC PRIN STUDIU
ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI TEHNIC
STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M

SuUS as2.1= 25.00mm as2= 25mm
as2.2= 85.00mm d2= 105mm
as2.3= 149.00mm
c2= 15.00mm acoperirea cu beton
As2.1= 5 a8 + 0 a8 8.0
As2.2= 0 212 + 0 @10
As2.3= 0 216 + 0 a0
As2= 251.33mm2
JOS asl.l= 25.00mm asl= 25mm
asl.2= 85.00mm di= 105mm
asl.3= 141.00mm
cl= 15.00mm acoperirea cu beton
Asl.1= 5 8 + 0 @12 8.0
Asl.2= 0 212 + 0 @20
Asl1.3= 0 a0 + 0 @20

Asl= 251.33mm?2
Es= 210000 N/mm?2

z= 94.50 mm

Xxmin= 61.21 mm

xb= 65.97 mm

A= 0.80

X-= 10.24 mm

X+= 10.24 mm
SuUsS Mrd-= 11.03kNm momentul capabil sus
JOS Mrd+= 11.03kNm momentul capabil jos

Rezulta pentru placa studiata o armare curenta la partea de jos si la partea
de sus de ®8/20cm, exceptie facand zona de reazem din axul D acolo unde se
evidentiaza o supraarmare.

Vedere 3D armare placa peste parter
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Vedere 3D armare placa peste parter

Vedere plana armare placa peste parter
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Vedere 3D armaturi cladire
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3.25.4. CALCUL $I DIMENSIONARE ELEMENTE $ARPANTA

La dimensionarea elementelor de sarpanta s-a avut in vederea utilizarea
unui material lemnos de clasa de rezistenta minima in conformitate cu prevederile
normativelor actuale, respectiv lemn de rasinoase clasa de rezistentd C14 si clasa
de umiditate Il (umiditate < 20%). Alegerea materialului lemnos de calitate inferioara
corespunde situatiilor curente de executie pe plan national, in mare masura in
Romania utilizandu-se in cazul sarpantelor material lemnos achizitionat din diverse
surse fara documente de certificare a calitatii.

in ceea ce priveste alegerea sectiunilor de lemn s-a avut in vedere utilizarea
unor elemente uzuale care se regasesc pe piata autohtona si se folosesc in mod
curent in santiere. Totodatd, la dimensionarea si alegerea sectiunilor s-a luat in
considerare utilizarea unor elemente care sa satisfaca in mod optim raportul de
rezistentd/consum material lemnos. Astfel, in cazul elementelor de tip pana si
caprior solicitarea predominanta este de incovoiere, iar din acest punct de vedere
inaltimea sectiunii are aportul cel mai insemnat in momentul de inertie al sectiunii
(I=bh3/12). In consecinta, utilizarea elementelor patrate este ineficientd din punct
de vedere al consumului de material lemnos, iar alegerea sectiunilor rectangulare
conduce la optimizari importante.

Un alt aspect important care este definitoriu in dimensionarea sectiunilor de
lemn este atat conceptul arhitectural — structural pentru limitarea deschiderilor cat
si alcatuirea spatiala a acoperisului (volumetria acestuia).

in mod concret, In cadrul prezentului studiu s-au dimensionat elemente de
lemn modulate la 50 mm care s-au utilizat in ambele modele analizate, diferentele
rezumandu-se la modul de dispunere al capriorilor, respectiv la distanta dintre
acestia. Iteratile de dimensionare au demonstrat ca utilizarea unor sectiuni mai
reduse pentru tipul de Tnvelitoare usoara (,tigla metalica”) conduce la indesirea
capriorilor, iar consumul de material lemnos total este mai mare. Micsorarea
sectiunilor asigura in general capacitatea de rezistenta necesara, insa de cele mai
multe ori nu este satisfacuta verificarea deformatiilor (ale sagetii).

Capriori:

In urma calculelor efectuate rezulta sectiunea capriorilor de 5x20 cm dispusi
la o distantd de 60 cm interax in cazul modelului 1 cu invelitoare Tigla romana,
respectiv aceeasi sectiune la o distantad de 70 cm interax n cazul celui de al doilea
model cu Tnvelitoare din tigld metalica. S-a avut in vedere utilizarea unui pas de
caprior 2 60 cm din conditii constructive (sistem de izolatii) si pentru optimizare
consum material lemnos.
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i.  Caprior 5x20 cm — Model 1 — Invelitoare Tigla romana — distanti 60cm
interax

1. ROOF -001

Monopitch roof

2. General description, assumptions, materials, loads

2.1. Construction type

Timber roocf, from beams with tisber Cl4. The zoof type as sketch above.
Span 3_200 m, height 1_ 185 m, roof pitch 20_00%, beam spacing 0.600m
Finishing i(raftezr) from timber Cl4, of thickness 25 mm

Elements , Cross section 50x200 [mm)

Esam voluma =0.034 m*, beam weight =0.0%7 kN

2.2. Design codes

EMN1980:2002, Eurocode [ Part 1=1, Basis of structural design
EXN195%1-1-1:2002, Eurpesds 1 Part 1-1, Letisnes on stcructures
EN19%1-1-3:2003, Eurccode 1 PFart 1-3, Snow loads
EN195]1=1=-4:2005, Eurncode 1 Part 1=-8, Wind actions
EN1955-1-1:200%, Eurcocode 5 Part 1-1, Design of timber structures

2.3. Design methodology
A1l the load combinations aceording to Eursesde 1 and Eurccode 5 are taken into account,

and the checks are performed in the most unfavourahle loading conditions, for combined actiom,
in ultimate limit state, according to ECE EM1S5E5-1-1:2005, $¢. The connections are designed
as bolted connecticong with matal plates according to ECE EN193E=1=1:2008, §E.

The deflectionas are checked in servicesbiliey limic condition,

aecording te ECS EN1555-1-1:2005, §7.

2.4. Material properties (beam) (ECE ENLE3E5-1-1:2003, 53)
Timher class : Cl4

Barvice eclaszes : Class 2, molsture content<=20% (ECE §2_3.1_3)
Material factor ~M=1.30 (EC5 Tab. 2.3}

Characteristic material properties for timber

fmie = 14.0 MPa, fedk = 7.2 MPa, fr50k= 0.4 MPa

folk= 1e.0 MPa, foSlk= 2.0 MPa, fvk = 3.0 MPa

Elm = 7000 MPa, E00S = 4700 MPa, ES0m 230 MFa

Gm = 440 MDa, gk = 250 Eg/m®, pm 380 Hg/md
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2_5. Material properties (timber,6K Ffinishing) {EC5 ENW15335-1-1:200%, £3)
Timber class : Cl4
Service classes : Class 2, molisture content<=20% (EC: £2.3.1.3)

Material factor ~M=1.30 (ECS5 Tab. 2.3)
Characteristic material properties for timber
fmk = 14.0 MPa, ftlk = 7.2 MPe, ft30k= 0.4 MPa

fclk= 16.0 MPa, fcS0k= 2.0 MPa, fvk = 3.0 MPa
Edm = 7000 MPa, E005 = 4700 MPa, ES0m = =230 MPa
Bm = 440 MP=, pk = 250 Eg/m®, pm = 350 Eg/m?

2 6. Distributed roof loads

Permanent load of roof covering Ge= 0.500 kMN/m* {Tiles from concrete)
Purlins, finishing, insulstion Gt= 0.100 kM/m* Ge+tZt= 0.200 kKN /m2
Load of ceiling under the roof Go= 0.100 kM/m*
Snow load om the ground Sk= 2_000 kH/m*
Wind pressure on vertical surface Ow= 0.7e5 kN/m* g d
Imposed load (category HI Ji= 0.400 kENM/m* L
3. Spow lead (ECI1 EN15%31-1-3:2003 £5)
Snow locad on the ground Sk {(EC1 EN1551-1-3:2003 %4, REnnex C)

Climatic Begion :Rlpine Region, snow zone :2, altitude zbove sea level=E00 m
Sk=(0.642=2+0.005) x[1+(500/T720) #]=1.503 kN/m*
Characteristic wvalue of snmow load on the ground: sk=2._000 kN /m*

Snow load on the roof (EC1 EN15%1-1-3:2003 §5) W1
Angle of pitch of roof : o=20._005"

Exposure coefficient - Ce=1_000 (EC1-1-3 85_2(7))

Thermal coefficient : Ct=1.000 (EC1-1-3 %S5.2(8))

Shape coefficisnts, o=20_.00", ul=0_200 (Table 5.2}

Snow load (ECL EN1551-1-3:2003 §5.3.2)
Sl=ul.Ce -Ct -Sk=0.800x1.000x1.000x2. 000=1. €00 kN/m*

4. Wind leoading {(EC1 EN15351-1-4:200% §5)

wizo=31.00 m/=, Romaniz SR, Zone: 3 , vk= Cdir-Cseason -Vbe = 3L.00 mfs
Terrain category: IV, ==10.000m, =zo=1.000m, =min=10m, =max:=200m, =cII=0.050m

kr=0.15-(1.000/0.05) “U=0_ 234

Boughness factor Crlzi=kr-lniz/zo)=0.234xln{10.000/1.000)=0._540

H/Lu=50/800=0.08, O.05<H/Lu=0.08<=0.30, Le=€00.00 m {EN1551-1-4, Tab.A.2)

2=10.00 m, X/Le=500/600=0.83, =/Le=10/600=0.10, s=0.336 leq.A.7, ...A.10)
Orography factor Colz)=1+2xl_35%6x0_083=1_0&6 leq.B_2)
Turbulence factor Ec=1_000

Exposure factor Ceilz)= 1.274 (EN1351-1-4, 54.%5)

giz)=Ce (=) - (dp) -Vba¥=[0_001]x1.274x0_625x31_00°=0_T€5 kH/m®

Wind pressure on roof we=gref -Ce (=] .Cpe (EC1 EN1551-1-4:2005, 55.2)
External pressure coefficients (EC1 EN1351-1-4:2005 Tab. T7.3)

For pitch sngla o=20.00°, Cpe=0_27
¥Wind pressure we=0_.204 kM/m?

5. Roof timber finishing (rafter)

Timber [inishing (rafter) structural system
The timber finishing ({(rafter) is designed as simply supported beam with span
Spacing of trusses L= 0.e00m, and width 1.00m

46



GADO CONS CONSTRUCT S.R.L.

STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII TNVELITORILOR DE TIP BRAMAC PRIN
ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI

STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M

Dimensions of timber finishing (rafter)

Timber of finishing (rafter): Cl4, service class: Class I, moisture content<=20%

Spacing of beams L= 0.&00m, roof pitch o= 20.00% , thickness of finishing

loading on timber [inishing (ralfter)
Boof covering Ge= 0.500 EN/m®

Salf weight Gl= 0.071 ENM/m®

Enod load Os= 1_&00 EN/m®
¥ind load dw= 0_204 kN/m®
Concentrated = 1.000 KN

2Emm

STUDIU
TEHNIC

Internal forces of timber finishing {span L=0.600 m, width =1.00 m)

Loading Rerion Vv v e maxd[kN] maxQ[EN] maxM[kbm]
(Ek)  Permanemc Gk =0_571[k¥/m] Permanent 1.35 0.00 1.00 o_0o0 0.161 o024
(Qkl] Snow Qk==1.600 [kN/m] Short-term 0.00 1.50 0.50 0. 000 0.424 0.064
(Ok2) Wind Qkw=0_204 [kN/m] Shoct=-tarm 0.00 1.80 0.8D 0. 000 D.0EL 0.008
(Qk3) Comcencratedlep=1_000 [EN] Inscantansons 02 1.00 0.00 o_ 000 0_470 0_321
5.1. Serviceability limit state {ECS EMLS95-1-1:2005, §2.2.2, 8T
Control of delflection ECE &7.2)
Loading [} m] 1 frmm) Letion j15n] Pl 2 Hdef
(Gk! Fermanent Gk =0.000 [kE/m] 0.041 PFermanent L.00 1.00 1.00 ©D.80
(Qkl) Snow Qks=0.000 [kN/m] 0.10% Short-term 0.50 0.20 ©0.00 0O.20
(Qk2) Wind Qlewsd 000 [ k4 /m] 0.01€ Short=-term 0.€0 0.20 ©.00 O.80
Load combination w.inst w.fin [mem]
1 Gk 0.041 0.074
2 Gk + Qkl 0.150 0.183
3 Gk + Qk2 0.0%87 0.050
4 Gk + Qkl + Yo Qk2 0.155 0.152
E Gk + QkZ + Yo 2kl 0.111 0.144

w_fin,g=w.inst,g{l+kdef), w_.fin,g=w_.inst, gl(lH)2 -kdef)

Maximm deflection values
w.inst = 0.155 mm, w.fin = 0.152 mmw

Check according to ECS EM1555-1-1:2005 §7.2,
Final deflections

w.inst = 0.15% mm < L/300=£00/300= 2Z_000 mm
w.net, fin = 0.15%2 mm < L/250=600/250= 2Z_400 mmm
w.fin = 0.152 mm < L/150=200/150= 4_000 mm

The check iz satisfied

5.2. Check of finigshing, Tltimate limit gtate of design

Tab.7.2

{ECE EN1535-1-1:2003%, Ee)

(ECS £2.2.3, Eg.2.3, Eg.2.4)

L.C. Load combination Curation class kmod N/ Emod W/ Emod M/ Emod
1 yvg. Gk Dermanent a_&0 0.ao0o 0.3&2 0.054
2 yg.Gk + va.Qkl Short-term a.50 o.aco 0.548 0.14z
3 yg. .Gk + yg.Qk2 Short-term a.50 0.000 0.343 0.0582
4 g Gk + ywag.Qk3 Instantansous 1.10 g.aoo 0.g25 0.322
5 yvg.Gk + yg.Qkl + g do Qk2 Short-tarm a.50 o.ao0a 1.00%8 0.151
& yvg.Gk + yg.Qk2Z + g o 2kl Short-term a.50 0.000 0.8s7 0.104
Maximum values o.ooo 1.40% b.322

Finishing, Load combination Ho 5

Shear, Fv=0.%08 kN {ECS §6.1_7)

Rectangular cross section, bef=0.§Tx1000=670 mm, h=35 mm, A= 1& 750 mmf

Modification factor Emod=0.%50 (Tak.3.1), Material factor wi=1.30 (Tak. 2.3)

fvk=3.00 N/mm*, Lvd=Emed Lok /W=0_50x3._00/1.30=2 _02N/mm® (ECE Eg.2.14)

Fir=0,208 kN, ++v0d=1.50F+0d/Anetto=1000x1. C0x0. 908/ ET00=0. 00BN/ mnt < 2.00N/ memi=£+v0d (Eqg.5.12)

The check 1s satisfied
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Finishing, Load combination Ho 4

Bending, Myd=0.354 kFm, Mzd=0.000 kEm {ECS §6.1.&)
Rectangular cross section, b=l000mm, h=2Esm, A=2_ E0x1l0 e , Wy=l Oaxl0 5!2131 Wemd.17x10 Omm?
Madification factar Hmod=1_10 (Tabk_3.1), HMaterial facrtor yM=1_30 (Tab. 2.3}

fmyk=14.00 N/mmt, fmpd=Fmod-fmyk/v#=1.10x14.00/1.30=11.E5N/mm*
fmzk=14.00 W/mm®, fmezd=Fmod-fmzk/vM=1.10x14.00/1.30=11.85N,/mn"

F‘.EI:E!.'.H;UJ.H.! cposs sectian Em=0_T0 [ECH SE_ 1 _&.(2]1)
cmyd=Myd/Wey, neteo=10  Tx0_354/ (0.1042x10 %)= 3.40 W/em®
cmzd=Mzd/Wez, nette=10 “x0.000/(4.1667x10 )= 0.00 W/m=ms

omyd S Emyd+Em . omzd f fmrdesd  2ET+0_00
Em. omyd/ fmyd+omed / fm=d=0_201+0 00
The check is satisfied

6. Beam design

o= 0_.2% < 1 (ECE Eqg.€.11)
0= 0.20 < 1 (ECS Eg.€.12]

Beam geometbtric characteristics

Langth L=3.300 =, haight H=1.lE5 m, beam spacing d=0.&00 m

Pitch =36.41%, angle o=20.00 °, tano=0.364, sino=0.342, coso=0.340

Humber of nodes = 3, number of elemsnts =2, supports 2

Hodal coordinates Beam element properties

Fede »[m] wiml Sup. Element K1 K2 bxh[mm] Lim] Almm 1 Iylme *] Wylmm 1
1 p.000 ©0.000 11 1 1 3 5S0=ma0d 1.783 10000 33.333x10 ® 3.z3smln ¢
- 3.200 1_1€5 ol 2 3 2 BO=x300 1.763 10080 33.333x10 8 3.333x10 §
3 1.eD0 O.BB2

Line loads per beam

Timber density =150.00 kg/m3, beam salf weight =0_.057 kN

Beam spacing deD.&0 m, weight of beam connections =0.010 kN

Permanent line loads (kEN/m) on beam

Boof coveringtself weight Gkli= 0.3593 kN/m

Ceiling undar rasf Gk2= 0_0ED EN/m

Variable line loads of short term acticon (kN/m) on beam

Imposed Qki= O.40x0.600= 0.240 kl/m

Snow load Qkl= 0.5681 kN/m

Wind laad Qk2s 0_.122 kN/=

Design load combinations

(yg=1.35, vwqg=1.50, ¥wol! Liwve Qf)=0.70, Wwo! Snow Q1)=0.50, Wol Wind Q2)=0.0)

L.C. Actions Permanenc-Variasble Duration class
1 vg.&k Farmanant
2 wy.Cktyg.dkl Short-term
3 wg.Gke+yg.Ok2 Short-term
4  vwg.Fkdyg.0ki Short=tarm
5 wg.Cktyg. Qkltyg.opo gk Short-term
& yg.Geryg.Qk2+yg oo Okl Short-term
T vwg.Gk+yg. Qkityg. o Okléyg. §o 0k2 Short=term

7. Beam atatic analysis @

The roof scructure i3 a continuous beam.
The intermal forces are computsd for separate losdings conditions
{permanant-live—snow-wind} end then from their combinations the

internal forces for the unfavourable load combinations are |:|'_'l'q:i-'_'ltrtl:l.l:iI
Hunber of nodes = 3, aumber of slemsnts =2, supports 2
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T7.1. Imternal forces for applied loads

Internal forcea, Loading: ( Gk) Dead Gkl = 0.39%3, GkZ = 0.060 [EN/m]
Elem. HNode-l Hode-2 W1[kN] V1[kN] MI[kNm] N2 [kH] V2 [kH] M2[kNm] Mm[kN] Vm[kN] Im[kMNm]

1 1 3 -.28 0.73 0.00 0.00 0.00 [ 0.00 0.00 0.e2
2 3 2 0.00 0.00 0.62 0.2e6 -0.73 0.0d 0.00 0.00 0.e2

im point of mazimmm span moment for permanent load, or element middle point)

Internal forces, Loading: (Qkl) Snow (Qka = 0_.960 [EN/m]
Elem. HNode-l Hode—2 W1[kEN] V1[kN] MI[kNm] N2 [kH] V2 [kH] MZ[kNm] Mm[kN] Vm[kN] IMm[kMNm]

1 1 3 -0.53 1.44 0.00 0.00 0.00 1.23 0.00 0.00 1.23
2 3 2 0.00 0.00 1.23 0.53 -1.44 0.0d 0.00 0.00 1.23

im point of mazimm span moment for permanent load, or element middle peoint)

Internal forces, Loading: (Qk2) Wind Qkw = 0.122 [kN/m]
Elem. HNode-l Hode—2 W1[kEN] V1[kN] MI[kNm] N2 [kH] VZ[kH] M2Z[kNm] Mm[kN] Vm[kN] IMm[kMNm]

1 1 3 .08 0.21 0.00 0.08 0.00 0.1%8 0.08 0.00 0.15
2 3 2 .08 0.00 0.18 o.o0g8 -0.21 0.0d 0.08 0.00 0.15

im point of maximm span moment for permanent load, or element middle point)

Internal forces, Loading: (0ki) Imposed (H) 0Oi = 0.240 [kN/m]
Elem. HNode-l Hode—2 W1[kEN] V1[kN] MI[kNm] N2 [kH] VZ[kH] M2Z[kNm] Mm[kN] Vm[kN] IMm[kMNm]

1 1 3 -.14 0.38 0.00 0.00 0.00 0.33 0.00 0.00 0.33
2 3 2 0.00 0.00 0.33 0.14 -0.3B 0.0d 0.00 0.00 0.33

im point of maximm span moment for permanent load, or element middle point)

T7.2. Vertical nodal displacements (mm)

HNaode Gk okl Qkz Qki
1 o.o0 o.00 0.0a (1]
2 o000 o.oo a.00 o.00
3 -3.01 -5.38 -0.B& -1.5%

7.3. Support reactiona (kH)

Hode Beact. Gk Jkl k2 Qki
1 Fx 0.0a a_oo -0.14 a.00
1 Fy .77 1.54 0.17 0.41
2 Fx a.00 Q.00 g.ao a.o0
2 Fy .77 1.54 0.22 0.41

8. Serviceability limit state

§.1. Serviceability limit atate {ECE EN15%5-1-1:2005, EB2.2.3, 8§T)
Control of deflection at node 3 {ECE §7_.2)
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Loading [ kM /m] 1 fren] Eocion 5] wrl pd Hdaf
{ Gk) Dead Gkl = 0.383, Gk2 = 0.060 -3.1%8 Permament  1.00 1.00 1.00 0.80
(Qkl) Enow Qks = 0,.93&0 =E.364 Short=-term 0.50 0.20 0.00 ©0.00
(Qk2) Wind Qkw = 0.122 -0.818 Shart-term  0.60 0.20 0.00 0.00
Load combinatisn W.ingt w.5in [mm]
1 Gk 3.158 5_T757
2 Gk + QeL s.se2 12121
3 Gk + Qkz 4.117  €.€75
4 Gk + Qkl + Yo._QkZ 10.113 12. 672
§ Gk + QE2 + po.QKl 7.285  5.857
;.fin,g—u.inlt,q:'_-+1:dlf'|, w. fin,g=w. inst, g (L+)2 ‘kdef) {ECE §2.2.3, Eg.2.3, Eg.2.4)

Maximmm deflection walues at node 3
w.inst = 10.113 mm, w.fin = 1l2.67% =mw

Check according to ECE EN1DBE=1-1:2008 &§7.2, Tab.7.2
Final defleccions at node 3

w.inst = 10.113 mm < L/300=3405/300= 11.352 mm
w.net,fin = 12.€73 mm < L/2E0=3405/350= 13.822 mm
w_fin = 12 672 mm < L/150=3405,/150w 23 703 mm

The check iz satisfied

5.1. Tltimate limit state (ECS EW1535-1-1:300%, 5¢&)
Rafter, elements: 1, 2

Loading [&N¥/m] Retion ¥g ¥q 1r_'
[ Gkl Dead Gkl = 0.393, GkZ = 0.060 Fermanent 1.35 0.00 1.00
(kL) Smow Qks = 0,580 Short—temm 2.00 1.50 g.50
(0k2) Wind Qkw = 0.132 Shorc—term 0.00 i.50 0.&d
(Qki) Impos=ed (H) Q4 = 0_240 Shortc-term 0.00 1.50 0.00
L.C. Load combination Duration class kmod -H/Fmod +H/FEmod V/Emod H/Kmod
1 yvg.Gk Permanentc o.e0 -0.5%4 0.555 1.632 1.38%
2 yg_Gk+yg Qkl Shart-tarm 0.50 =1_2T71 1.273 3.4594 2.574
3 yg_Gkdag. Ok Ehort=tarm 0.%0 =0_2E8 0.523 1.43E 1. 223
4 vg.Fk+vyg. Ok Ehort-tezm 0.30 -0.63% 0.830 1.73B 1.471
5 vg.Chtyg. Qkliyg. o Ok Ehort—-temm 0.%0 -1.15%5 1.34% 3.702 3.151
& vy . Gty Q2 tyg o Okl Shorc-term a.s6 -0.707 0.%81 Z_€38 2.248
7 vg.Gk+vg. Okityg. do . Oklryvg.to. 0k Short-term 0.30 -D.950 1.144 3.13% 2.€72
Maximm valuss =1_271 1._=49 3.702 a_182
95.2. Check of crosa section Rafter, elesentsa: 1, 2
Rafter, elements: 1, 2 ., Load cosbination Mo 5
Tension parallel to the grain, FtOd=l. 214 kN {ECE §&.1.2)
Rectangular cross sectiomn, bwE) =m, hwZ00 mm, A= 10 000 mmm®
Modification factor Emods0. S50 (Tab.23.1), Macerial factor =l 30 (Tab. 2.3]
FeOkwT 20 N/mm®, ftOdekmod-frOk, =D S0x7.20/1.30=§_ SEN mm? (ECE Eg.Z.14)
Feldwl . 314 kN, ctldefFeOd/Anectcomli00xl. 214/10000=0_ 13N /mm® < 4. SEN/mmfefcld {Eg.6.1)

The chack is sacisfisd

Rafter, elements: 1 2 Load combination Ho 2

Compresasion parallel to the graim, Fcld=-1.144 kR (ECS Sc.1.4)

Bectangular cross ssctiom, b=50 m=m, h=200 mm, A= 10 000 mm?

Modification factor Fmod=0.50 (Tak.3.1), Material factor y=1.30 (Tabk. 2.3)

Folk=16.00 H/mm®, focOd=Fmod - fclk/&=0.50x16.00/1.30=11.08H/mm* (ECE Eq.Z2.14)

FoOd—1.144 kN, ocOd=Fcld/Anettc=1000x1.144/10000=0.11H/mm? < 1l.0EN/mm*=£fcOd (Eg.g.2)
The check is satisfied
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Bafter, elements: 1, 2 , Load combination Ho &
Shear, Fv=3. 332 kN {ECE 8. 1.7)

Rectanqular cross ssction, o ETxE0=34 mm, heZ00 mm, A= & BEOD mm®

Modification facter Fmod=0.350 (Tak.3.1), Hatezial factoz yiFEL.30  (Tab. 2.3)

fwk=3.00 H/mm®, fvd=Emod-fvik/ yM=0_%0=x3_00,/1._30=2_08H/mm®* (ECS Eq.Z2.14)

Fyw3 332 kN, tvidel.S50FvDd/Ansttosi0)0xl E0w3 . 332/6B00=0_ T3N/mm® « 2_0EN/mm=Efwrid (Eg.&6.13)

Tha check is satisfied

Ralfter, elements: 1, 2 . Load combination Mo 5§

Banding, Myd=2.237 km, Mzd=0.000 kN [ECS §6.1.6)

Rectangular cross section, b=S0mm, h=200mm, 2=1.00x10 frm?, Wy=3.3310 Tmm?, Wz=2.33:10 ‘mm?
Modificacion factor Emods0D_ S0 (Tab.3.1), HMaterial factor wif=1_30 (Tab. Z.3)

Eayk=14.00 N/mm?®, Emyd=Fmod -Emyk/y¥=0.80x14.00/1.30=3. 63/ mm?
fmzk=14.00 N/mm®, Efmzd=Fmod -fmzk/E=0.50x14.00/1.30=5. 658 /mn®

Rectangular cross section En=0.70 (ECE &E.1.€.12))
omyd=Myd/Wmy, necto=10 k2. 837/ (0.3333=x10 %)= £.51 M/mme
cmzdeMad, nz, nettosl u:n::l.C'I:I:n,.-' [(0.0833x10 c':l- 0,00 M/mmn®

oy fmird+Em . omed S fmed=n _2784+0_000= 0 _8E < 1 (ECSE Eg_€.11}
Em. omyd/ fmyd+omzd/ fmzd=0 . 6154+0.000= 0.61 < 1 (EC5 Eg.6.12)
The check is satisfied

Begligible compressive stress, combined bending-compression check is omitted (ECE B8.2.4)
Rafter, elements: 1, 2 Load combination Mo 2

Column stability with bending, FoOd=-1.144kN, Myd=2.677kMm, Mzd=0.000kFm {ECS §6.3.2)
Rectangular cross section, b=50om, h=200mm, &=1.00x1D d':n:mzr Wy=3, 33x10 "‘11::113.l Wa=E_33x10 '1':|1:|1'|:I

Modification factor Emed=0_50 (Tak_3.1), Material faccor wM=1_30 (Tab. 2.3, E005=4700MPa)
felk=16.00 W/fmmt, fcld=Emod-fclk/M=0.90xle.00/1.30=11. 08K/ mm*®

foyk=14.00 W/om®, Fmyd=Fmod-&myk/#¥=0.90x14.00/1.30=0.c5H /mm"®

Emekwid 00 MiomF, fexdeimsd-fmelk/Med S0xld_ 00,1 _30=8 _ &£5N/ /mme

Bectangular cross section Em=0_70 (ECE SE.1.6.(2))
oold=Fold/Anetto=1000x1.144,/10000= 0.11 MN/mm=

cmyd=Myd Wy, nettowl ﬁ:u:Z JETTS(0.3333x10 6-:| = 5 03 H/m=m®
omzd=Mzd/Wrz, netto=10 °x0.000/(0.0833x10 )= 0.00 H/mme

Buckling length
Sky= 1.00x3.405=3.405 m= 340E mm (most unfavourable)
Skz= 0 _05%3_405=0_300 m= 3200 =m (Le/L=D_30/3.41=0_05)

Slenderness
iy~ (Iy/A=0.28%x 200= 58 =m, Ay= 3405/ 58= 5B.T1
iz-l.lllrzfl:lrl:l.EE!-x E0= 14 =m, 6 Az= 300/ l4= 21.43

Criticsal stresses
oc, crity=m*E005,/ hyt= 13.45 H/mm®, Arel,y  ifcdk/oc, critvyl= 1.0% (ECS Eg.6.21)
oo, critz=n*EQ00E/Az?= 101.01 W/ om®, Aral,z= W (fe0k/oe, crital= 0.40 {EC5 Eg.6.22)

BemD 20 (sslid cimber)
ky=0_5[1+gc{rirely-0_3)+hrelyt]= 1.17, Eoy=1/lkyt+ f ikyt-hrelyt) )=0_622 (Eg.&_27 £.25)
kz=0.5[1+gc{krelz-0.3)+hrelz®]= 0.5%, Focz=1/lkzt+ y ikz®-hrelz®) }=0.377 (Eg.€.28 £.2¢)

La

geld/ (Eey - £e0d) +omyd/ Emyd+Fm . omzd/ fmad=0. 01740 .829+0.000= 0.858 < 1 (ECBE
oeld/ (Kez - fo0d) +m . ampd/ fepd+vomed / fmed=0_011+0_S580+0_000= 0_5% < 1 (ECS
The check i3 satisfied

=1 =
a0
[

(S
s
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Rafter, elements: 1 2 Load combination Mo B

Combined bending and axial tension, FtOd=1.214kN, Myd=2_ 837kNm, Mzd=0.000kNm [EC5 £6.2.3)
Dectangular cross section, b=50mm, h=200mm, E=1_.00xL0 “mm?, Wy=3.33x10 ‘mm?, Wz=2.33x10 ‘mm’
Modification factor Emod=0.50 (Tak.3.1), MMaterial factor wM=1.30 (Tak. 2.3)

£e0k=7.20 N/mm*, f£tld=Fmod- -£c0k/vM=0.90=7.20/1.30=4._ 55N,/ mm?
fmyk=14.00 H/mm®, Ifmyd=Kmod -fmyk/M=0_50x14.00/1.30=5_&5H /mm?
fmzk=14.00 W/mm®, Ifmzd=Fmod -fmzk/y=0_50x14.00/1.30=5_ 65N /mm?

bBectangular cross section Em=0.70 (ECE S&.l1.&.0(2])
otld=Ftld/inetto=1000x1_214/10000= 0_12 H/mm?
omyd=Myd/Wny, netto=10 61{2.33?;’[0.3333:{13 6:-= 5.51 MN/mm*®
omzd=Mzd/Wnz, netto=10 axj.DﬂDI[G.DSES:{lJ 6:-= 0.00 M/ mm*=

otid/ £eld+omyd, Emyd+Em. omzd/ fm=d=0 _024+0_878+0.000= 0.5%0 = 1 (ECE Eg.&.17)
otid/ £e0d+Em. omyd, fmyd+om=d/ fm=d=0 _024+0 . €15+0.000= 0.64 <= 1 (ECE Eg.£.18)
Tha check is satisfied

ii.  Caprior 5x20 cm — Model 2 — invelitoare Tigld metalica — distanti 70 cm
interax

1. ROOF -001

Monopitch roof

2. General description, assumptions, materials, loads

2.1. Construction type
Timber roof, from beams with timber Cl4. The roof type as sketch above.
Span 2.200 m, height 1.1€5 m, roof pitch 20.00%, beam spacing 0.700m

Finishing (rafter} from timber Cl4, of thickness Z5 mm
Elements , Cross section S50x200 [mem]
Beam wolume =0_.034 m*, beam weight =0.05%7 EN

2.2. Design codes

EN1550:2002, Eurccode 0 Part 1-1, Basis of structural design
EN1951-1-1:2002, Eurocode 1 Part 1-1, RZctions on structures
EN1551-1-3:2003, Eurocods 1 Part 1-3, Enow loads

EN1551-1-4:2005, Eurocode 1 Part 1-4, Wind actions
EN1555-1-1:2005, Eurocode 5 Part 1-1, Design of timber structures
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2_3. Design methodology

All the load combinations according to Eurocode 1 and Eurocode 5 are taken into account,
and tha checks are performed in the most unfavourable loading conditions, for combined action,

in ultimate limit state, according to ECS EN1396~-1-1:2003, §6. The connections are designed

as bolted connections with matal plates according to ECE EN133E-1-1:200%, %8,
The deflections are checked in
according to ECS EN199E-1-1:20

serviceability limit condition,

03, §7.

Z2.4. Material properties (beam) (ECE EN15%5-1-1:2005, 53)
Timber class : Cl4

Service classes : Claess 2, molsture content<=20% (ECE 52.3.1.3)
Material factor wM=1.30 (ECS Tab. 2.3)

Characteristic material properties for timber

fmk = 14.0 MPa, ftl0k = 7.2 MPa, fc5lk= 0.4 MPa

folk= 1&.0 MPa, fcS0k= 2.0 MPa, fvk = 3.0 MPa

Edm = 7000 MPa, E0O5 = 4700 MPa, ES0m = 230 MPa
Bm = 440 MP=, pk = 2%0 Eg/m®, pm = 350 Hg/m?
2_5_. Material properties (timber Ffinishing) (ECE EN155%5-1-1:-200%, %513)

Timkear class @ Cl4

Service classes : Class 2, molsture content<=20% [(ECE 52.3.1.3)
Material factor M=1.30 (ECE Tab. 2.3)

Characteristic material propertiea for timber

fmk = 14.0 MPa, ftlk = 7.2 MPz, ftrSik= 0.4 MPa

folk= 1&6_0 MPa, foS0k= 2.0 MPa, £vk = 3.0 MPa
E0m = 7000 MPa, E005 = 4700 MPa, ES0m = 230 MPa
Gm = 440 MPa, pk = 250 Eg/m®, pm = 350 Kg/m?

2.6. Distributed rocf loads

Permanent locad of roof covering Ge= 0.050 kM/m* {Corrugated metal)
Purlins, finishing, insulation Gt= 0.100 kN/m® Get+Ft= 0.150 kN /m?®

Load of ceiling under the roof Go= 0100 EM/m*

Snow load on the ground Sk= 2.000 kN/m®

Wind pressure on vertical surface Ow= 0.7e5 kM/m*

Imposed load (category H Ji= 0.400 kMN/m* L

3. Somow load (EC1 EN1551-1-3:2003 §5)

Snow load on the ground Sk {(EC1 EN1551-1-3:2003 %4, Rnnex C)

Climatic Begion :Rlpine Begion, snow zone 2, altitude sbove sea level=500 m
Sk=(0.642=2+0.00%)x[1+(500,/720)2]1=1_503 kN/m*

Characteristic walue of snow load on the ground: sk=2.000 kN/m®

Snow locad on the roof (EC1 EN1591-1-3:2003 5]

Ikngle of pitch of roof : w=20.005"

Exposure coefficient : Ce=1.000 (EC1-1-3 55.2(7))
Thermal coefficient : Ct=1.000 (ECl-1-3 §5.2(8))
Shaps coefficients, o=20_00%, pl=0.800 (Table 5.2)

Snow lecad (ECL EN1591-1-3:2003 §5.3.2)
Sl=pl.Ce -Ct -5k=0.800x1_000x1.000x2.000=1_600 kN/m*
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4. Wind 1 i {EC1 EN15351-1-4:2005 §5]

vibo=31.00 m/=s, Romania SR, Zone: 3 , wbh= Cdir-Cseason-Vbe = 31.00 mfs

Terrain category: IV, z=10.000m, =zo=1_000m, =zmin=10m, zmax:=200m, =zoII=0.050m
kr=0.15-({1_000/0.05) "U=0 234

Boughness factor Criz)i=kr-lniz/zo)=0_234x1n{10_000,/1_000)=0.540

H/Lu=50/600=0.08, 0.05<H/Lum=0.08<=0_30, Le=&00.00 m {EN153531-1-4, Tabk.A.2)

z=10_00 m, X/Le=500/600=0_83, =/Le=10,/600=0_10, s=0_35& (egq B.7,._.R_10)
Orography factor Colz)=1+Zx0_356x0.083=1_0¢&& leq.Bh.2)
Turkulence factor Eo=1_000

Exposure factor Celz)= 1.274 (EN1551-1-4, 54 &)

gilzi=Celz) - (k) -Vei=[0.001]x1.274x0 . 625x31.00%=0_7&5 kN/m*®

Wind pressure on roof we=Jref -Ceiz].Cpe (EC1 EN1551-1-4:2005, S§5.2)
External pressure coefficients (EC1 EN1S551-1-4:2005 Tab. 7.3)

For pitch angle o=20.00%, Cpe=0.27

Wind pressure we=0_204 kM /m?

5. Roof timber finis rafter
Timber finishing (rafter) structural system

The timber finishing (rafter) is designed as simply supported beam with span
Zpacing of trusses L= 0.700m, and width 1.00m

Dimensions of timber finishimg (rafter)

Timher of finishing (rafrer): Cl4, service class: Class 2, moisture content«<=20%

Spacing of beams L= 0.700m, roof pitch o= 20.00% , thickness of finisghing 25mm

Loading on timber finisghing (rafter) A

Bonf covering Gas= 0_.050 kN/m*

Salf weight Gl= 0.071 EM/m*

Snow load Qa= 1_&00 kN/m* ~

Wind load = 0.204 EN/m* h

Concencraced Op= 1000 kN E
a

Internal forces of timher finishing (span L=0_T700 m, width =1_00 m)

Loading Acticn g | | i) maxi [kN] =axDI[kN] max® [kFm]
(k) Permansnt Gk =0.121[kN/m] Permanent 1.35 0.00 1.00 0. 000 0.040 0.007
(Qkl) Snow Oks=]l _E00[kN/m] Short=tarm 0.00 1.0 0O.EBO 0. 000 0.434 0.087
(Qk2) Wind Qoe=0.204 [kH/m] Shorc-term 0.00 1.50 0.&0 0. 000 0.071 0.012
(Qk3) ConcentratedDkp=l._000 [kN] Instantane&sus 0.00 1.00 O0.00 0. 000 0.470 0.321
5.1. Serviceability limit atate [ECE EN15%35-1-1:200%, $3.2.3, 57
Control of deflsction {ECE §T7.2
Loading [k} m] 1 [ ] Bction Wl il W2 Hdef
(Gk) Parmanesnt Gk =0_000[kN/m] 0.016 Permanent 1.00 1.00 1.00 O.BOD
(Qkll Snow Qk==0.000[kN,/m] 0.201 Short-term .50 0.20 0.00 O.80
(DE2] Wind QiwsD _ 000 [EN/m] D.02% Shorc-term o_&d O0.20 O0O.0D O.BD
Load combination w.inst w.fin [mm]
1 Zk o_0le 0.02%
2 Gk + Qkl 0.217 0.230
3 Gk + Qkz2 o_045 {_0&8
4 Gk + Qkl + Yo.Qk2 0.235 0.248
5 Gk + Qk2 + o Okl o.1l4g 0.155
w.fin, g=w._inst,g{l+kdef), w_.fin,g=w.inst, g(l+})2 -kdef) (ECE 82.2.3, Eg.2.3, Eg.2.4)

Maximm deflection values
w.inst = 0.235 mm, w.fin = 0_.248 mmw
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Check according to ECE EN1555-1-1:2005% &7.2Z2, Tab.7.2
Final deflectiona

w.inst = 0.235 mm < L/300=T00,300= 2Z2.333 mm

w.net, fin = 0._.248 mm < L/250=700,/250= 2 _800 mm

w.fin = 0.248 mm « L/1E0=T00/150= 4_.&&67 mm

The check is satisfied

5.2. Check of Finishing, Ultimate limit state of desigm (ECE EN1595-1-1:2005, E&)
L.C. Load combination Curation class mod N/ Emod W/ Emod M/ Emod
1 yg.Gk Permanent 0_&0 (] ] 0_050 n.01&
2 yg.Gk + g 0kl Short-term a.50 g.ooo 0.884 0.155
3 yg.Gk + yg.Qk2 Short-term a.50 o.0o0 0.175 0.031
4 yg. Gk + yg.Qk3 Instantansous 1.10 0.000 0.47¢ 0.301
E ywg.Ck + yg.Qkl + vg-¥o.Qk2 Short—term 0.580 0.000 0.3E5 0.1&7
€ vg.Ck + vyg.Qk2 + vyg-¥o.Qkl Short—term 0.580 0.000 0.5%1 0.103

Maximum values g.aao 0555 0.301

Finisghing, Losd combination No §

Shear, Fv=0.860 kN (ECE 86.1.7

Dectangular cross ssction, baf=0_£TH1000=E70 wm, h=25 =m, A= 16 750 em*

Modification factor Hmoded_ S0 Tab_.3.1), HMacarial factor M=l 30 (Iab. 2.3

fok=3.00 Hymm®, fvdsFmod-fvk/y=0.530x3.00/1.30=2_ 0EH/mm® (ECE Eg.Z.14)

Fr=0.860 kN, tv0d=l1.50Fvid/Anetto=1000x1.50x0.B€0/16750=0.0E/am® < 2.00N mm*=Ev0d [Eq.6.13)

The check is satisfied

Finishing,K Load combination No 4

Bending, Myd=0.331 kFm, Mzd=0.000 kNm (ECS 56.1.6)

Ractangqular cross section, b=l000mm, h=325mm, A=2 EDx10 1:r|:n11, Wy=l_ 04x1D f':mr_jl Wze=d.17x10 Omm?

Madificacion fapcor Kmad=1_10 (Tab_3_1), HMacerial facenr yM=1_30 (Tab. 2_3)

fmyk=14.00 N/mm*, fmyd=Fmod -fmyk/vt=l.10x14.00/1.30=11. 85N/ mm*
Emzk=14.00 W/mm®, fmzd=Fmod Emzk/yt=1.10x14.00/1.30=11. 85N/ mn*

F.e::.&ng-u.'.lu cross seccion Ems0_70 (ECS SE_L.&.(2]1)
cmyd=Myd/Wey, netto=10 9x0_331/ (0 1042=x10 %)= 3.1 W/mme
cmzd=Mzd/Wez, netto=10 “x0.000/(4.1667x10 %)= 0.00 W/mms

cmyd/f Emipd+Fm . omed/ fmed=)  ZE8+0.000= 0.27 < 1 (ECE Eg.6.11
Km._ omyd/ fryd+omzd/ fmzd=0 _188+0_000= 0.1% = 1 (ECS Eg.6.12
The check is satisfied

6. Beam design

Beam geometric characteristics

Length L=3_200 m, height H=1_ 165 m beam spacing &=0.700 m

Pitch =3€.41%, angle ce=20.00 ", tano=0.364, sino=0.342, coso=0.340

Humiber of nedes = 3, number of elements =2, supports 2

Hodal coordinates Beam alement properties

Bode =(m] y[m] Sup. Elewenc K1 K3 buhmm] Lim] Almm o Iy[my *]  Wy[mmw ']
1 o_000 ©_000 11 1 1 3 E0=a00 1.703 10000 33_333xl0 “ 3_333x10D i
2  3.200 1.165 01 2 3 2 ED0m200  1.703 10000 33.333x10 ¢ z.33mx10

3 1.e00 0.582

Line loads per beam
Timber density =250.00 kg/m3, beam self weight =0.05T7 kN
Beam spacing d=0.70 m, weight of beam connections =0.010 kN

Permanent line loads (kN/m) on beam
Boof coveringtself weight Gkl= 0.138 EN/m
Ceiling under roof Ek2= 0.070 EN/m
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Variable line loads of short term action (kEN/m) on beam
Imposed Qki= O0.40x0.700= 0.280 EN/m

Snow load Qkl= 1.120 kHs/m

Wind load Jk2= 0.143 kH/m

Design load combinations
wg=1_35, va=1.50, #o{ ILiwve Qf)=0.T70, YJoi Snow QLl)=0.50, Yof{ Wind Q2)=0.e0)]

L.C. BActions Permanent-vVariable Duration class

1 +g-Gk Darmanent

2 wg.Gktyg. Okl Short-term
3 ywg.-Cktyg.Qk2 Short-term
4 g Cktyg . Jki Short—term
5 vwg. Gktyg. Oklhyg. o Qk2 Short-term
& vwg-Cktyg. O0k2ZHyg. o 0kl Short-term
T vwg-Cktyg. Okityg. o Qkl+yg. fo Ok Short-term

7. Beam atatic analysis

The roof structure is & continuous beam.

The internal forces are cooputed for separate loadings conditions
(prrmAansnt=1ive-snow=-twind) and chen from their combinations che
internal forces for the unfavourable load combinacions are computed

Humber of nodes = 3, number of elements =1, supports 2

T7.1. Imternal forces for applied loads

Internal forces, Loading: { Gk) Dead Gkl = 0.138, Gk2 = 0.070 [EN/m]

Elem. Node-1 Hode—-2 N1[kM] WI1[kN] M1 [k¥Nm] N2 [kH] V2[k¥] M2 [kNm] Hm[kN] Vm[kN] Mm[kHm]
1 1 3 -0.12 0.33 0.00 o.o0 0.00 O_Z8 0.00 a._oo 0.28
2 3 2 o.oo o.oo 0_28 .12 -0.33 a._00 0.00 a._00 0.28

(m point of ma=imm span moment for permanent load, or element middle point)

Internal forces, Loading: (0k1l) Smow Qks = 1.120 [kN/m]

Elem. Fode-l Hode—2 W1[kN] WI1[kN] Ml [kFm] N2 [kN] Va[kF] Mz[kFm] Mm[kF] VmIkN] IMm[kNm]
1 1 3 -0.el 1.68 0.00 g.oo0 0.00 1.43 0.00 a._00 1.43
2 3 2 o.oo o.oo 1.43 0.el -1_&8 a.0o 0.00 Q.00 1.43

({m point of ma=imm span moment for permanent load, or element middle point)

Internal forces, Loading: (0k2) Wind Qkw = 0.143 [kN/m]

Elem. Node-l1 Hode—2 N1[kMN] WI[kN] Ml [kNm] MN2[kN] V2[kN] MZ[kHm] Mm[kN] VmIkN] IMm[kNm]
1 1 3 o.0% 0.24 0.00 0.0% 0.00 021 0.05 a._00 021
2 3 2 0.0%s g.oo 0.21 g.0% -0.24 a._00 0.05 a._00 0.21

(m point of maximum span moment for permanent load, or element middle point)

Internal forces, Loading: (Oki) Imposed (H) Qi = 0.280 [EN/m]

Elem. Node-l1 Hode—-2 NI1[kM] WI[kN] M1 [kNm] MN2[EN] V2[kN] M2 [kNm] Mm[EN] VmlkN] IMmn[EHNm]
1 1 3 -0.1s 0.4% 0.00 o.oo0 0.00 0_38 0.00 a.00 0.38
2 3 2 o.oo g.oo 0_38 0.1s -0.45 a._00 0.00 a._00 0.38

(m point of maximm span moment for permanent load, or element middle point)
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T7.2. Vertical nodal displacements (mm)
Hode Gk 2kl Qk2 Qki
1 0.00 o.00 0.0 0.00
2 0.0 0. 00 a_oo 0.00
3 -1_38 -&_598 -1.01 -1_8&
7.3. Support reactiona (kN)
Hode Beact. Gk 2kl k2 Cki
1 F= 0.00 a.00 -0.17 o.00
1 Fy 0.35 1.75% 0.20 0.4\
2 F= 0.00 a.00 0.00 o.00
2 Fy 0.35 1.75% 0.28 0.48
8. Serviceabili limit state
B.1. Serviceability limit state {ECE EN1958E=1-<1:2009, §2.2.3, §7)
Control of deflection at node 3 (ECS §7.2]
Loading [ kM /] u [mm] Action b 4] Wl e Fdetf
{ 5kl Dead Skl = 0.138, Gk2 = 0.070 -1.470 Permanent 1.00 1.00 1.00 0.80
(k1) Snow Qks = 1_120 =7.425 Shorc-term .50 0.20 o0.00 O.00
(QkZ) Wind Qkw = 0.143 =1.072 Short=tezm 9.€2 0.20 0.00 Q.00
Load combination w.ingt w.fin [=m]
1 Gk 1.470 2_E43
2 Gk + QkL E.89¢ 10.070
3 Gk + Qk2 Z.541 3.717
& Ek + Qk1 + o Qk2 5.538 10.713
E Gk + Qk2 + #o_0kl E_254 7.430
;.fln,Fﬂ_m!t,q 1tkdef), w.fin, g=w_insc,gil+p2 -kdef) (EC5 82.2.3, Eg. 2.3, Eg.2_4)
Maximum deflection values at node 3
w.inat = S_538 mm, w.fin = 10_713 mm
Check according to ECS EN1355-1-1:200% §7.2Z, Tab.7.2
Final defleccions at node 3
w.inst = 9.538 mm < L/300=3405/300= 11.352 m=
w.net,fin = 10.713 mm < L/250=3405/250= 13.6i2 mm
w.fin = 10.713 mm < L/150=3405/150= 22_T703 mm
The chack is satisfied
9.1. Mtimate limit stakte {(EC5 EN1535-1-1:-200%, 5&)
Rafter, elements: 1, 2
Loading [kH/m] Action g ¥ o
[ Gk] Dead Gkl = 0.138, CGkZ = 0.070 Permanent 1.35 o.00 1.00
(Qkl) Snow Qks = 1_120 Short—-term 0.0 1.50 0_50
(Qk2] Wind Qkw = 0.143 Short—-term 0.00 1.50 0.ed
(Qki) Imposed (H) Q1 = 0_.ZHO Short—term 0.0 1.50 o.00

L.C. Load combination Duration class kmod -N/Emod +H/Fmod V/Emod M /Fmod
1 vy Gk Parmanent 0._&0 -0.273 0.273 0.750 0.838
2 yg.Ck+yg.CQkl Short—term 0.50 -1.203 1.208 3.307 2.B15
3 yg.Gk+yg.QkZ Short—term 0.50 -0.034 0.330 0.505 0.771
4 g Gk+yg . Oki Short—tarm 0.50 -0.453 0.454 1.247 1.081
E vg.Gk+yg.Ckltyg. o . Ck2 Short—term 0.50 -1.114 1.253 3.E50 z.022
& yg.Gk+yg.CkZ+yg.fo.Ckl Short-term 0.50 -0.545 0.841 2.30% 1.585
T vy GCk+yg Cki+yg Yo Qkl+yg o Ckd Short—tarm 0.50 -0_875 1.054 2.853 2.4E3

Maximum wvaluss -1.203 1.253 3.550 a.02z2
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9.2. Check of cross section Rafter, elements: 1, 2

Hafter elements: 1, 2 Load combhination Mo 5§

Tension parallel to the grain, FtOid=1.164 kN {ECE §&.1.2)

Bectangular cross sectidon, =50 mm, h=200 =m, A= 10 000 mm?

Modification factor Emod=0.50 (Tak.3.1), Material factor w=1.30 (Tak. 2.3)
Felk=7_20 N/sm* feld=Emsd -Fedk Me0 5087 _20/1_30=4 SEN/sm® (EC5 Ef_2.14)

Feldel 168 kN, ctldeFtld/Ansttosl000xl.1&4/10000=0_12N/emf < §_ S0N/mmfefeld

Tha check iz satigfied

1=l
e

]

-

Rafter, elements: 1, 2 , Load combination Wo 2

Compression paralle]l to the grain, Feld=-1_082 kN (ECS S&_1._4)

Rectangular cross ssction, b=EQ mn, h=200 =m A= 10 000 =m?

Hodification factor Fmod=0.30 (Tab.2.1], Material factoz =L 30 (Tak. 2.3)

felk=16.00 W/mm®, fcld=Fmod-EcOk/yM=0.590x16.00/1.30=11.0E N/ mm* (EC5 Eq.2.14)

Fold=-1.082 kN, ocOd=FcOd/Enecto=1000x1. 082/10000=0.11M/mm® « 11 _ 08/ mmi=fcOd |Eg.6.2)
The check is sstisfisd

Rafter, =l tew: 1, 2 . Load combination Wo &
Shear, Fv—=3.155 kN (ECS 5€.1.7)

RBeccangular cross section, baf=0_&Tx50=34 wm, h=200 mm, 2= & EO0 mm®

Hodification factor Hmeds=[D 50 (Tabk.3.1), DMacerial EFaceor yM=1_30 (Tab. 2.3}

Frk=3_ 00 H/mm®, fvdefmod-Evk y#=0.30x3.00,/1.30=2 08H/mm® (ECE Eq.2Z.14)

Fv=3.195 kM, tvld=1.50Fw0d/Anettoc=1000x1.50x3.1535/6800=0.700/mm? < 2.05H,/mm?=5w0d {Eq.5.13)

The check is satisfiesd

Hafter elemsnts: 1 2  Load coshination Mo 5§
Bending, Myd=2.720 klm, M=zc=0.000 kF= {ECE §&.1.E)

Rectangular cross section, b=tlmm, h=200mm, A=1.00xl0 ‘em®, Wy=3.33x10 “mm”, Ws=2.33x10 ‘*mm’
Modification factor Emod=0.50 (Tak.3.1), Material factor w=L. 30 (Tak. 2.3)

fryk=14.00 N/mm®, mypd=¥mod-fmyk/vM=0.30x14.00,/1.30=53.650H /om"

Emak=14_ 00 N/mm®, K Emzd=Emed-Emsk/M=0_30x14_ 00/1_30=5_ E5H/zmF

Rectangular cross section Fne=0.70 (ECS §6.1.6.1021)
cmyd=Myd/Wmy, necoo=10 %x2_720/(0.3333x10 %= £.16 W/me®
crzd=Mzd/limz netta=10 Sy0_ 000/ (0_0833x10 S)= 0_00 M/mme
omyd) fmyd+¥m. omz=d/ fm=d=0_242+0_.000= 0.584 <= 1 (EC5 Eg.&.11}
Em. omyd/ fmyd+om=d/ fm=d=0_58%+0_000= 0_.5% <= 1 (EC5 Eg.&.12}
The check is satisfied

Hegligible compressive stressa, combined bending-compression check is omitted (ECE 5&_2_.4)

Bafter, elements: 1, 2 , Load combination Mo 2
Column stability with bending, FocOd=-1.082kN, Myd=2_ 533kMm, M=zd=0.000kNm {EC5 5€.3.2)
Bectangular cross section, b=Elomm, h=200mm, 2=1_00x10 frr e

mm?, Wy=3.33x10 “mm”, Wz=2.33x10 ‘mm’

Modification factor Emod=0.30 (Tak.3.1), Materizl factor wiM=1.30 (Tak. 2.3, E0O05=4T700ME=a)
folk=16_00 H/mm®, fcld=Fmod- fe0k/y=0_50xle_00/1_30=11.08H,/ mm?
fmyk=14.00 W/mm?®, fmyd=Fmod -fmyk/P=0.50x14.00/1.30=5_¢c5H/mm*®
fmzk=14_00 H/mm®, fmzd=Fmod - fmzk/v=0_90x14_00/1_30=5_65H,/mm?

Bectangular creoss section Em=0.70 (ECE S&.1.&.0(21)
ocld=Feld/Anetto=1000x1_082,/10000= 0.11 HN/mm*
omyd=Myd/Wmy, netto=10 Bz, 533/ (0.3333=10 8 = T7.80 N/mm*®
omzd=M=d/Wmz, netto=10 fxa. 000/ (0.0833=10 8 }= 0.00 N/mm*®

Buckling length
Sky= 1.00=3_405=3_405 m= 3405 mm (most unfavourakle)
Skz= 0.05=x3.405=0.300 w= 300 mm (Lc/L=0.30/3.41=0.0%)

Slenderness
iy=s (Iy/R)=0.285%x 200= 58 mm, hy= 3405/ 58= 5B.71
iz=+ (Iz/R)=0.28%x 50= 14 mm, kz= 300/ 14= 21_43
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Critical stresses

oo, crity=n®EQOG,/ Ayi= 13.4¢ H/mm?, Arel,v= o (felk/oc, crityl= 1.0% (ECS Eg.&.21)

oo, crite=nE00G/Az?= 101.01 H/mm?, Arel, z= -' (felk/oc, critzl= 0.40 (ECH Eg.&.22)

Bo=0_20 (3oclid timber)

k=0 _5[1+Bc {Arely-0_3)tirely?]= 1.17, Eey=1/ kvt o (kyi-hrely®) )=0_.822 (Eg.6.27 &.25)
kz=0_5[1+fc (hrelz-0_3)+irel=2]= 0.55%, Ecz=1/(k=z+ W (kzf-hrelz?) }=0.5%77 (Eg.6.28 &.2&)

oold) (Eoy -fo0d) tomyd/ fmyd+Em . omed/ fmed=0_016+0 . 784+0_000= 0.280 <« 1 (EC5 Eg.&.23)

ocld/ (Ecoz -£o0d) +En. coyd foydtomed fmed=0.010+0 . 545%+0.000= 0.5 < 1 (EC: Eg.&.24)

The check iz satisfied

Bafter, elements: 1, 2 , Load combination Mo &

Combined bending and axial tension, Ftld=1.164kH, Myd=2_ T720kNm, M=zd=0.000kNMm ECE 5&6.2.3)

4m2

3

r

Wy=3.33210 “mm
wM=1.30 (Tab. 2.3

Bectangular cross section, b=50mm, h=200mm, 2=1_00x10
Modification factor Emod=0.50 (Tak.3.1), Materisl factox
£L0k=T_20 N/mm*, ftid=Kmod-ft0k/M=0_50=7.20/1.30=4_58H/mm?
fmyk=14_00 N/mm®, fmyd=Fmod -fmyk/ =0 90014 00/1_30=5. 5N,/ mm*
fmzk=14_00 N/mm?, fm=d=Fmod - -fm=zk/ M=0.90x14_00/1_30=5. 65N,/ mm?

r

bBectangular cross section FEm=0.70 [(ECE Se.1.&.(2))
otld=Ftid/Anetto=1000x1 . 164,/10000= 0.12 H/mms

Sz 720/00.3333x10 %)= 5.16 H/mms
8x0.000/(0.0833x10 %)= 0.00 N/mms

oopd=Myd /Wmy, natto=10
omzd=Mzd/Wm=z, natto=10

otid/ feidtomyds fmyd+Em. omzd/ fm=d=0_023+0_.842+0_000= 0.B7 < 1
otld/ feid+Em. omyd, fmyd+omzd,/ fmed=0.023+0_.585+0.000= 0.6l < 1
check is satisfied

[ECE
[ECE

Eg-&-17)
Eg-&-18)
The

Daca

Wz=2_33=10 “mm

3

se doreste utilizarea unor sectiuni mai reduse in cazul invelitorii de tabla, ca de

exemplu capriori 5x15 cm, acestia trebuie dispusi la un pas de 35 cm pentru a satisface verificarile
de rezistenta si deformatii (vezi breviar mai jos). Tn consecintd, dublarea numarului total de capriori

conduce la un consum mai mare de material lemnos. Totodata, trebuie precizat ca
tip capriori aduc aportul cel mai mare in consumul de material lemnos global.

Z. Caparal dnner'_gtien :.ugg;tmna matariala, leoads

2.1. Consbructicn typs

Timber rost, trom beams with timber

ApAm 3.E0 T opine

Firishing (ra J1&, ot thickmess 24 mm

(L

Beam wolumes boom weight -0.07:
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B. Serviceability limit state

B.l. Serwviceability limit state {ECEZ EH1985-1-1:2003, $2.2.1, &7]

Zontrel of deflection at node= 3 [ECS &7.2)
Loading TkHSm] 11 [mm] Leotion il 1 2 Ede £
{ Gk Mead Gkl = 0,077, Gk = 0,035 1.381 Sermanent 1.00 1.00 1.00 d.4an
(0k1) Snow Qke = D560 -3.79% Sheort-term £.530 D0.20 0.90 g.00
(QK2) Wind Qiw = D.071 -1.270 Short-term f.gd DLE2D 0,00 d.00
Load combinaticn w.inss w.tin |mm]

1 Gk 1.B4L 3.385

2 Gk + kil 10.&79 12.184

3 gk 4+ k3 I 151 q.638

4 Gk + 9kl + o Q2 11.44L 1Z2_58486

5 Gk 0 QI 1 PRl 7550 5_055
w.Iin,g—w.1inst,g(Ltxdef), w.[iu.-q—q._l.ztr'_]l:'_luE'k’i:l.':] (ECS §2.2_.3, E4.2.3, Eg.2.4]

Maximum deflection walues at noda 3

w.inst = 11.449 mm, w.fin = 12.%4%& mm

Chack according to EOS ERI985-1-1:2009 7.2, Tah.7.2
Final deflecticns at nods 3

w.inst = 11.441 mm == LS300=3405/300= 11.35% mm
Ww.net,tin = 12,946 mm < LAZ50=34055250= 13,622 mm
w.tin = 17,946 mm < LALSD=3405 100= 22,703 mm

Tha chack 15 satisiied

Eafter. elements: 1, 2 |, Load combinationm Mo 5

Bending, Hyd=1.375 kMm, Mzd=0_000 kim (ECS §6.1.6)
Rectanqular cross secticm, b=Simm, n=Ll50mm, A=7.50x10 mm?, we-i.gexie e, we-s.zomat ‘am?
Moditication tactor ¥mod=0.90 [Tab.3.1), Material factor yM=1.30 ({Tab. 2.3)
*, fmyd=-Fmod fmyk/yd=0.%0x14.00/1. 30-9. 656 /mm*
razd=-Emod - fmzk/yd=0. 50x14. 00,/ L. 30-9 . 65H /m=”
rtangulas ron BEm=0_70 [ECS &SE€.1.6.{21)
oy e=Mycd S Wmy L.ATEF 0 1R 5x10 fi= .33 My mmi
emrd=MzId Wmz, netha=10 'E'xi'l NS0 02510 1
amydy fmyd+Em . omzd/ fmzd=-0_T57+0.0 .78 <« 1 (ECS Eg.a.ll)
¥m. cmyd, fmyd+omzd/ fmzd-0_ 531 0.53 « 1 (ECS Eg.&.12

The check iz satisfisd

Pentru modelul 2 de invelitoare (tigla metalica) utilizarea sectiunii propuse de 5x20 cm la un pas
de 70 cm este echivalenta din perspectiva structurala (verificare la rezistenta si deformatii) cu o
sectiune de 10x15 cm dispusa la pas de 70 cm (vezi breviar mai jos). In consecintd, utilizarea unei
sectiuni mai putin inalte conduce la majorare insemnata a grosimii elementului pentru obtinerea
acelorasi performante structurale. Utilizarea unei sectiuni de 10x15 la pas de 70 cm conduce la un
consum mai mare de material lemnos (capriori 10x150 cm A=150 mm2, respectiv caprior 5x20 cm
A=100 mm?2).

60



GADO CONS CONSTRUCT S.R.L.
STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII INVE

LITORILOR DE TIP BRAMAC PRIN

ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI

STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M

/,,/’
5«

2., Ganaral description, ass tions, materials

loads

2.1. Construction type

Timber roof, from beams with timber C14. The
Span 3.200 m, height 1.165 m, roof pitch 20.00

roof type as sketch above.
", beam spacing 0.700m

Finishing i{rafter) from timber Cl&, of thickness 25 mm

Elements , Cross secticn 100x150 [oom)
Beam voelume =0.05%1 m?, beam weight =0.145 kW
BE. Serviceability limit =tats

8.1. Barviceablility limit stats {BC: BHN1B9L:
Centrel of deflectisn  at nede 3 {ECE  &7.2]

. BELELE BN

Loading [KH/m] u [ ] metion ¥o vl Yz
[ sk}l Desd okl = 0,155, k2 = 3.070 =_.00. Pecmaneol 1.40 1.00 L.4cC E
(KL} Enow Qxa — 1,120 -£.79%29 Short-term 0.50 T.20 0.90 10
(ki) wind Qxw = 0,143 =_.270 Shurt-term .60 2.20 0.4C

oad combinatd o w.fin [mm]

1 5k 3,383

P Lk o+ Ok AL

i Gk + QkE 4,658

1 Gk v+ gkl + po.QKZ 1z2.844

£ 5k + gki + Po.pkl 3.053

g

tin,g=w.inst, gll+kdes), W, fin, g=w.inst, g(1+02 -kdat)

Mawimum daflaction valuas at noda 3
W,irst = 11,441 mm., w.tin = 1Z2.%4% mm

Check according ta ECS BH1925-1-1:200% &7.2, Tabk.7.2

Finzl doflentions at nodn 3

W, inat = 21,941 mm <= LS300=3405/300= 11,352 mm
wonsl Lip = 22,944 mm ¢ LA2E0-240552350— LI_EZZ um
w.fin = L2.94& mm < LA1S0=24057150= 22.703 mm

The rhosre is sat?
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Rafter, elements: 1, 27 | Leoad combinatlien He 5

Banding, Myd=2, 750 kMNm, Mzd=0,6000 kHm IECE E6.1.61

2 3
Eectangular cross section, b—l00mm, b—150mm, f-1.30x10 '|::1.2.- Wy—3.75x10 5|:1.u Y, Wz—2.50%10 suu:.‘?I
Meditication factor Emod=0D. 590 [(Tab.3.1), Material factcr ye=1.30 {Tabk. 2.3]

fryk=14.00 Kimm?, fmyd=Emod - £myk yd=0, 90214, 0071, 30=5%. 690/ mm*
fmzk=14.00 W/mm?, fmzd=FEmad :fmzk =0, 9Cx14, 007, A0=%_ 6498, /mm &

Eeclapngular cross seclion Em=0.70 [(ECE &E8.1.€.(Z})
anyd=Mypd SRy, netto—1C byz TEO/ (0.3 (10 I"] = 7.33 ¥/um*®
amzd=Mzd /Rmz, netto=1C b3, nu0d (0. 250010 "'_| = 0.00 ¥/mm*

ooy S fmyd-Fm . omzds fmzd=0. T5TH0_000= 078 < 1 (ECS Eg.é.
Em.omyds foyd+omzd/ fmzd=0.530+0.000= 0.33 < 1 (BCS Eg.4.

The check is satisfied

In concluzie, varianta optimd privind sectiunea capriorilor dispusi pentru varianta cu
invelitoare usoara de tip tigla metalica este cu capriori de 5x20 cm dispusi la pas de 70 cm.

in urma calculelor efectuate rezultd sectiunea clestilor de 2 buc x 2.5x15 cm
dispusi la o distantd de 75 cm interax in cazul modelului 1 cu invelitoare Tigla
romana, respectiv 85cm interax in cazul celui de al doilea model cu invelitoare din
tigla metalica. Clestii vor fi dispusi deasupra zonei de garaj.

i.  Clesti 2x2.5x15 cm — Model 1 — Invelitoare Tigld romana — distanti 75cm
interax

1. BOOF -002

Trussed rafter roof type A
oo T
/ i \ '

_ |

2. General description, assumptions, materials, loads

2.1. Construction type
Timber roof, from trusses with timber Cl4. The truss type as sketch above.

Truss span 7.100 m, height 1.23%2 m, roof pitch 20.00°, truss spacing 0.750m
Finishing (rafter} from timber Cl4, of thickness 25 mm

Truss element cross sections BxH [mm]

Elemantz 1

=r

2, 3, 4, Crogs section 50x150 [mm]

Elaments 5, Cross section 50x150 [mm]
Truss wvolume =0.0&5 m?, truss weight =0_.1H4 kN

2.2. Design codes

EN1550:2002, Euroccode 0 Part 1-1, Basis of structural design
EN155%1-1-1:2002, Eurocods 1 Part 1-1, Rctions on structures
EN155%1-1-3:2003, Eurocode 1 Part 1-3, Snow loads

EN1551-1-4:2005, Eurocode 1 Part 1-4, Wind actions
EN155%5-1-1:200%, Eurocode 5 Part 1-1, Design of timber structures
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2.3. Design methodology
The internsl forces of the roof trusses are computed with finite elemsnt analysis. The truss is

considered as a two dimensional frame. The stiffness of the connections is adjusted according to
the selected degree of stiffrness. In order to compute the design valuss for internal forces

in various loading conditions, the internal forces are first computed in unit leoading, and then
from their combination the internal forces in warious loading conditions are obtained.

211 the lead combinations according to Eurocode 1 and Eurocods 5 are taken into account,

gnd the checks are performed in the most unfavourable loading conditions, for combined action,
in ultimate limit state, according to ECS EN1355-1-1:200%, ££. The connections are dasigned

25 screwed connections with metal plates according to ECS EM1SS5-1-1:2005, =8.

The deflections are checked in serwviceability limit condition,

aoccording to ECE EM1555-1-1:2005, §7.

2.4. Material propertiea (truas) {(EC5 EN1555-1-1:-200%, 53)
Timkar class : (Cl4
Service classes : Class 2, molisture content<=2Z0% (ECE 52.3.1.3)

Material factor M=1_30 (ECS5 Tab. 2.3)
Characteristic material properties for timber
fmk = 14.0 MPa, ftOk = 7.2 MPa, ft30k= 0.4 MPa

folk= 16.0 MPa, fcS0k= 2.0 MPa, fvk = 3.0 MPa
Edm = 7000 MPa, E0O5 = 4700 MPe, ES0m = 230 MPa

Gm = 440 MP=, gk = 2%0 Eg/m®, pm = 350 Hg/m®

2.5. Material properties (timber, Finishing) (ECS EN1%355-1-1:200%, £3)

Timkar class : (Cl4

Service classes : Class 2, molisture content<=2Z0% (ECE %2.3.1.3)
Material factor M=1_30 (ECS5 Tab. 2.3)

Characteristic material properties for timber

fmk = 14.0 MPa, ftl0k = 7.2 MPs, fc30k= 0.4 MPa

folk= 16.0 MPa, foi0k= 2.0 MPa, fvk = 3.0 MPa
Edm = 7000 MPa, E0O05 = 4700 MPa, ES0m = 230 MPa
Bm = 440 MPa, pk = 2%0 Eg/m®, pm = 350 Kg/m?

2.6. Distributed roof loadsa

Permanent load of roof covering Ge= 0_500 EM/m# (Tiles from concrete]

Purlins, finishing, insulation Gt= 0.100 kM/m® GetEt= 0.€00 KN /m?

Load of ceiling under the roof Ge= 0.100 EN/m*®

Snow locad on the ground Sk= 2.000 kN/m* d

Wind pressure on wertical surface = 0.765 EN/m* Aty (j
Imposed load (category H) QJi= 0_400 EN/m* L

3. Spmow load (EC1 EN1551-1-3:2003 §E)

Snow locad on the ground Sk (EC1 EN1551-1-3:2003 &4, Annex C)

Climatic Begion :Alpine Begion, snow zone -2, altitude above sea lewvel=500 m
Sk=(0_.642Z=2+0_009)x[1+ (500728} 2]=1_503 kN /m*

Characteristic valus of snow load on the ground: sk=2.000 kN/m®

Snow load on the roof (EC1 EN1551-1-3:2003 5] i s 1]

. - . _ = iy
Iingle of pitch of roof : o=15.585 - il g
Exposure coefficient  : Ce=1.000 (EC1-1-3 85.2(7)) (m) al_—uj:lu
Thermal coefficient : Ct=1.000 (EC1-1-3 §5_2(8)) L T

(M}
Shape coefficients, ol=p2=20_00%, pliocl)l=pl{xZ)=0.800 (Table 5.Z2) .

S{all=plial) -Ce-Ct-Sk=0.800x1.00x1.00x2.000=1_c00kN,/m? (§5.2)
S{a2)=pl{xZ) -Ce -Ct -5k=0.800x1.00x1. 00x2.000=1_c00kN/m?

Snow load (EC1 EN159%1-1-3:2003 &5.3.3)

Load case (I} , 5(Left)= S{xl] =1_e00 kN m*%, (a2)= 1.e00 kHN/m®
Load caszse (II) , S5{Left)= 0_.5x5(wl)=0_800 kN/m®=, (a2)= 1.&00 kHN/m®
Load case (III), SiLeft)= S{xll= 1.e00 kN/m®=, JBxS () =0.800 kEN/m®
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4. Wind loading {ECL EMLEZ1-L-4:200% 55

who=31.00 mfs, Romania SR, Zone: 3 , vibs Cdir-Cseason-Vbo = 31.00 mfs

Terrain category: IV, Z=10.000m, zo=l.000m, zmin=ll0m, Tmax:=d00m, zall=0.050Um
kr=0.1%-{1.000/0.051 V=234

Ronghness factor Crizj=kr-ln{z/zo)=0.23dx1n{l0. 000/L_000)=0_E40

B/Lw=20/800=0.08, 0.05<H/Lu=0.,08<=0.30, La=s00.00 m (EM1551-1-4, Tak.R.2)
z=10.00 m, H/Le=300/600=0.83, =z /Le=10/600=0.10, =5=D_33& {eg.B.7,...5.10]
Orography factor Colz)=1+2u0.35Ex0d_083=1_{J&& (=g B.2]
Turbulance factor Ko=1.000
Exposure factor Ceizl= 1.274% (EN1931-1-4, §4.5
giz)=Cs|z] (5] VEf=[0_001]xl 274wl 625x31_00F=0_TE5 kNS m®

¥ind pressure on roof we=Jref -Ce(z) .Cpe {EC1 EN1551-1-4:32005, §5.2)

Extarnal prassure sosffisisnts (ECL EN1591=-1-4:2005 Table T_.4)

For pitch angle o=20.00°, Cpai+)=0.32, Cpai-)=-0.57

¥ind pressure we(lefr = 0.242 kN m*

Wind pressure we{Right )= =0.434 EN/mF®

5. Foof timber finishing (raftar)

Timber Finishing (rafter) atructural system

The timber finishing (rafter) is designed as simply supporced beam with span
Spacing of crusses Is 0_750m, and wideh 1.00m

Dimengions of timber [inishing (rafter)
Timber of finishing (rafter): Cld4, service class: Class 2, moisture content<=20%
Spacing of trusses L= 0.750m, roof pitch o= 20.00° , thickness of finishing IS

Loading on timber [inishing (rafter)
Boof covering Ge= 0.500 EM/m®
i

Belf weight Gl= 0.071 EN/m®
Enow load Q3= 1_800 EN/m*
Wind load = 0.242 EMN/m®

Concentrated Jp= 1.000 EN

Imternal forces of timber finishing (span L=0.750 m, width =1_.00 m)

Loading Action g ¥ o maxN[kN] maxQ[kN] maxM[kNm]
(Ek) Permansnt Gk =0.571[kN/m] Permanent 1.35 0O.00 1.00 o000 0.201 0_038
(Qkl)} Enow Qk=s=1_c00[kH/m] Short-term 0.0 1.80 0O_EO o000 0.530 0.058%
(Qk2) Wind Ukew=0_242 [kH/m] Short-term 0.0 1.50 O0_&0 o000 0.051 0.017

(Qk3) ConcentratedQkp=1.000[kK] Instantanecus O0.00 1.00 0.00 0.000 0.470 0.321

64



GADO CONS CONSTRUCT S.R.L.

STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII INVELITORILOR DE TIP BRAMAC PRIN STUDIU
ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI TEHNIC
STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M

5.1. Serviceability limit state (ECE EN1955-1-1:200%, §3.2.3, §7)
Control of deflectien (ECS §7.3)

Loading [ kM m] 11 [ Aecion b it Wl 2 Hdaf
(k) Pearmansnt Gk =0.000[kN/m] 0.101 Permansnt 1.00 1.00 1.00 Q.80
(Qkl) Snmow Qk==0_000[k¥/m] 0.2€5 Short-term 0.50 0.20 0.00 O.20
(QkZ) Wind Qlow=0 . 000 [ k¥ m] 0.045 Short=term 0.60 0.20 0.00 O.80
Load combination w.inst w.fin [m=m]

1 Gk 0.101 0.1E1

i Gk + Qkl 0.368 0.448

i Gk + Qkz D.14€ 0_227

4 Bk + Qkl + o.0k2 0.3%3 0.474

5 Gk + Q2 + Yo Okl 0.273 0.355
w.fin, g=w_inst,glltkdef), w_fin gew_ insc, qil+id -kdef) (EC5 52_2.3, Eg.2.3, Eg.2.4)

Maximm deflection values

w.inst = 0,333 mm, w.fin = 0.474 mr

Check according to ECE EN1936-1-1:2008 #7.2, Tab.7.2
Final deflections

w.inst = 0.333 sm < L/300=T50,/300= 2_E00 mm

w.net, fin = 0.474 mm < L/250=750/250= 3.000 v

w.fin = 0.474 mm < L/150=T750/150= &E_DOO0 mm

The check is satisfied

5.2. Check of finishing, Titimate limit state of design |ECE EN1355-1-1:200%, §6€)
L.C. Load combination Duration class kmod  H/Emod W/ Emod M/ Emod
1 yvg.Ck Permanent 0. el G.ooo 0.453 0.085
i vg.Ck + vyg.0kl Short—temm 0.50 b.ood 1.185 0.222
3 vg.Ck + vg.0kd Short—term 0.50 b.oo0 0.453 0.085
4 vg.Ck + wy.0k3 Instantanecus 1.10 0.o00 0.674 0.338
E vg.Ck + vg.0kl + vg.¥o.0k2 Short—term 0.50 o.o00 1.37¢ .23%
& vg.Gk + yvg.0kZ + yg.¥o.0kl Short-term .50 0.000 =11 0,168

Maximom valuas 0.000 1.27¢ O.33E

Finishing, Load combinatiom Ho 5

Shear, Fv=1.148 kH {ECE §6.1_7]}

Reactangqular cross ssction, hafe(_ ETx1000=ET) om, he2E mm, Re 16 TED mmS

Modification factor Fmod=0.S0 (Tab.3.1), Material factor vH=1_.30 (Tab. 2.3)

Evk=3_00 H/mm?, FwdsEmod- ek /yMs0_S0x3_00/1.30=2_ 08H/mmf (ECE Eg.Z.14)

Fv=l_ 148 kN, twDd=l_ S50Fvid/Enetto=1000x]_ B0xl_148/1&6T750=0_l10NM/mm*® < 2 OEN/mm*=fud {Eq_&_13)

The chack is sacisfisd

Fin Load combination No 4

Bending, Myd=0.372 kHm,6 Mzd=0.000 ENm |ECS S€.1.6)

Bectangular cro=s section, b=1000mm, h=25mm, A=1.50=10 ‘mm?, Wy=1.04x10 "m?, We=4.17=x10 ‘m?

Modification factor Bmod=1.10 (Tak.3.1), Material factor wH=1.30 (Tab. 2.3)
fmyk=14.00 H/mm®, fmyd=Kmod-fmyk/é=L1.10x14.00/1.30=11. 85N/ mn*
fmzk=14.00 H/mm®, fmzd=Fmod-fmzk/ye=L1.10x14.00/1.30=11. 85N/ mnt

Rectangular cross section En=0.70 (ECS S6.l.8.021)
emyd=dyd/Wny, necee=10  "=0.372/(0.1042x10 2.5
omsd=Mzd/Wrs, netto=10 "=0.000/(4.1667x10 %i= 0.00 Wimme

cmyd/ fapd 4 Fm. omzdf fnzd=0, 3024+0.000= 0.30 < 1 (ECE Eg.€.11}
Fm. oypd/ Emyddomzd, feed=0. 21140 . 000= 0.21 « 1 (ECE Eg.&.12}
The check is satisfied
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6. Traas dnniEE
Truss geometric characteristics

Length 1=7.100 m, height H=1.3%2 m, truss spacing 4=0.750 m

Picch =36.35%%, angle @=20.00
Humbser of nodes = 5, number of slemencs =5, supports 2

Hodal coordinates Truss element properties

, teno=0_364, =sino=0.342, coso=0.540

Hode 3 [m] y [m] Sup.  Element HI B2 btk [wm] Lm] L [mm ?]
1 0000 O.000 11 1 1 4 BEOx1IS0 3.21e TS0 12 0E3x10
] 3.580 1.282 2 4 2 BOIx1E0 O.5EL 7500 14, 0E3x10
3 T.100 O.000 11 3 E 3 EOx1ED 3.21e TEOD 14.0€3x10
i 3.022 1.100 [ 2 E E0x1ED O.BEL TEO0 14.0€3x10
] §4.078 1.100 B 4 & BixlED 1.985 TE00 14.063x10

Ling loads par truss
Tinmkber density =290.00 kg/m3, truss self weight =0.184 kN
Truss spacing 4=0.75 m, weight of truss conmections =0.018 kN

Permanent line leads (EN/m) on truss
Boof coveringtself weight Gkl= 0.478 kN/m
Ceiling undar roof Ck2= 0.07% EN/m

Variahle line loads of short term action (kN/m) on truss
Imposed Qki= O.40x0.7E0= 0_300 EN/m

Bnow (Lefr ) QkIle 1_300 kM/m (Right ) Qklr= 1_300 kN/m
Bnow (Left | Qk2l= 0.600 kN/m (Right |} QOk2r= 1_3200 kN/=
Snow (Leaft | Ok3l= 1.200 kH/m (Right | Ok3r= 0.600 kN/m
Wind (Left | Qkdl= 0.182 kN/m (Right | Qkdr=-0.325 ki/m
Wind (Left ) Qk51=-0.325 kN/m (Right | Qk5zr= 0.182 kN/m

Design load combinations

(vg=1.35, vo=1.50, #oi{ Live QF)=0.70, ¥o! Snow 0O1,02Z,031=0.50, tol

L.C. BActions Permanent-Variasble Duratiocn class

1 ywg-Ck Parmansnt
2 ywg-Gktyg Okl Short—term
3 vywg-Gkbyg. Ok2 Short—term
4 ywg. Gktyg. Ok3 Short-term
5 vwg-Gktyg. Ok Short—term
& ywg-Gktyg. Oks Short—term
T ywg-Gktyg. Oki Short—term
8 vwg.Cktyg. Qkltyg.bo.0kd Short-term
3 yg.Ckiyg. Qklbyg o . JkE Short—term
10 wg-Cktyg. Jk2+yg o . 0k4d Short-term
11 g -Cktyg . Jk24yg o . 0kE Short-term
12 wg-Ck+yg Qk3+yg o . 0k4d Short-term
13 yg-Ck+yg. Qk3+yg o OkE Short-term
14 g GCktyg. Qkd+tyg o 0kl Short-term
15  yg.Gktyg. Jkd+yg o Qk2 Short-term
18 vyg.-GCktyg. Qkd+yg o 0k3 Short-term
17  vyg.-Cktyg. QkS+Hyg. o .0kl Short-term
18 wg.Cktyg. QkS+yg_to . gk2 Short—term
18 yg-Ck+yg. JkS+Hyg - bo.0k3 Short-term
20 wg.Ckbyg. Qkityg.to . Okldyvg. o 0kd Short—term
21 wg.Ckbyg. Qkityg vo . Qkldyvg o QkS Short—term
22 wg.Cktyg. Qkityg o Qk24yvg oo Dkd Short-term
23 wg.Cktyg. Qkityg o Qk2+yvg oo QkS Short-term
24wy Cktyg.Qkityg. o Qk3tyvg o Okd Short—term
25 wg.Gktyg.Qkityg.wo. Qk3tyg. o QkS Short—term
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7. Truss static analysis

Design for connections with reduced stiffness [(facter 0.20)

The truss is designed as frame structure (EN1555-1-1 S£5_£_.1)
with reduced connection stiffness according to the above factor
The rafter and the tie are considered as continucous elements.
The truss is first solved for wvarious unit lead conditions,

and from them are computed the internal forces

for the wvarious loading conditions and load combinations.
HNumber of nodes = 5, number of elements =5, supports 2

T.1. Statie solutions for unit loads

Internal forces [or unit loading (1 kN/m left rafter downwards)
Elem. Heode-1 Hode-2 Hi(kN] WI[EN] M1 [kMm] K2 [EN] W2E[EN] M2 [kNm] ““m"”“

1 1 4 -3.582 1,41 o0.00 -2.8% -1.43 -0.04
z 4 2 1.53 0.32 -0.0= 2.11 -0.17 0.00
3 E 3 -3.31 0.2¢ -0.84 -3.31 0.2¢ 0.00 \
4 1 ] 1.51 -=1.4% -0.01 1.51 -1.4% -0.B4
E 4 E =E.13 0.00 0.00 =5.13 0.00 0.00

Element end forces For unit leading (1 kEN/m left rafter downwarda)
Elem. Node-1 Node=2 Flu[EN] Fle[EN] MI1[kMm] Fax[kN] F2y[EN] M2 [kNm]

1 1 4 3.20 2.B% o.00 -3.20 0.36 .04
2 4 2 =1.83 =0.3E =0.04 1.33 0.83 ¢.00
3 5 3 320 -0_8% -0_B4 -3_20 0_85 o_00
§ 2 5 -1.53 -0.8% -0.02 1.23 0.8% .84
a 4 ] 5.13 000 o.0n =5.13 0.00 o.00

(element a&nd forces in global coordinate system K-y

Internal forces for unit loading (1 EN/m right rafter downwards)

Elem. HNode-l1 Hode-2 M1[kN] VI[EN] M1[kM=] H2[kN] VZ[EN] MZ[kNm] l]]]]]]]]]]]]]]]]]m
1 1 4 -3.31 -D.26 0.00 -3.31 -0.2& -0.84 qwl
2 4 2 1.51 1.4% =D.84 1.51 1.4% =0.01
3 5 3 -2_85% 1.43 -0.04 -3.82 -1.41 0.00 /\
4 2 5 2.11 .17 Q.00 1.%3 -0.323 -0.04 =Y F:3
B 4 5 =-5.13 o.00 D.oo0 =-5_13 0.00 .00

Element end [orces for unit loading (1 kN/m right ralter downwards)
Elem. HNode-1 Node—2 Flx[kN] Fly[kN] Ml[kMNm] Fax[kN] Fiy[kN] M2 [kMm]

1 1 4 3.20 0.8% 0.00 =3.20 =0_.E3 0.84
2 2 2 -1.53 0.8% -0.B2 1.53 -0_85 o.01
k] 5 3 2.20 0.36 -0.04 -3.20 2.66 .00
4 2 ] =1.53 0.85 0.00 1.53 -0_3& .04
5 4 5 E£.13 Q.00 0.00 -5.13 0.00 0.00

(element end forces in global coordinate system x-yl

Internal forces for unit loading (1 kEN/m tie downwards)
Elem. Fode—l Wode-2 M1[kW] WV1[kN] M1[kMm) Na[kN] Ve[kN] M2 ([kbm

1 1 4 =-1.53 Q.00 0.00 =1.53 0.00 Q.01

2 4 2 -0.07 -0.08 0.02 -0.07 -0.03 0.00 _ i

3 5 3 -1.53 0.00 0.01 ~-1.53 0.00 ©0.00 e LI o
& 2 5 =0_07 0.03 0.o0 =0_07 0.03 0. 02 =
3 4 5 -1.36 0.53 0.00 -1.36 -0.53 0.00
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Element end forces for unit leading (1 EN/m tie downwarda)

Elem.

1

(LU S T

(elemant and forces in

Hode—1 Nede-2

Fix [kN] Fly[kN] M1 [kNm]

Faz[kN] Fay[kN] M2 [kMm]

s B3N s

.

(LT T N

T
]
.44

(= S

L=
(=1

]
&

e

o

.01
-00

0.53 0.0
o_oo b_o2
-0.53 0.0
Q.00 0.0
D.E3 o.0

global coordinate

-00

1.44 =0,.53
0.08 g.00
1.42 0.53
0.08 @.00
1.38 0i.53

Fystam x-y)

Internal forces for unit loading (1 EN/m left rafter pressure)

=0,

01

o_on
0.00

.02

o.o0

Elem. Hede-1l Neode-32  NI[EM] V1[kN] Ml [kNm] HM2[kN] Va[kN] M2 [kRm]
1 1 ] -3.07 1.5% 0.00 -3.07 -1.82 -0.05
2 4 2 2.40 g.37 =0.0E 2.40 =0.1%8 Q.00
3 5 3 =-3_76 0.30 -0_56 -3.78 0_30 0_00
4 2 5 1.72 =-1.8% -0.01 1.72 -1.8% -0D.%5¢
B - 5 =E.B2 2.00 g.00 =5.82 Q.00 0.00

Element end forces

for wunit loading (1 EN/m left rafter pressure)

Elem_  Hode-1 NHode-2 Fils[eM] Fluy[kN] MI1[kNm] Fax(EN] Fay[kN] M2[kHm]
1 1 - 2.34 2.55 2.00 -%.44 0.48 0.0%5
2 2 2 =2.38 =0_48 -0._08 2189 1.00 o.00
3 5 3 3.63 -1.00 -0.536 -%.83 1.00 0.00
L] F ] =2.13 =1.00 =0.01 Z.13 1.00 0.96
5 = 5 5.82 000 &_00 -5_B2 000 0_00
(element end foreces in global coordinste ayscem x-yl

Internal forces for unit loading (1 EN/m right rafter pressure)

Elem. Wode-1 Wode—2 M1 [kN] W1[kN] M1[kN=] N2[kN] Va[EN] M2[kbm]
1 B 4 -3.76 -0.30 Q.00 -3.76 -0.30 -0.36
2 4 2 1.72 1.65 =0_8 1.72 1.6% =0.01
3 £ 3 -3.0 l1.62 -0.0%5 -3.07 -1.55% Q.00
& 2 5 2.40 0.1% D.00 2.40 =0.37 =0.05
5 4 5 -5.82 0.00 ©.00 -5.82 O0.00 O0.00

Element end forces for unit leading (1 kN/m right rafter pressurs)

STUDIU
TEHNIC

Elex. NFode-1 licde-2 Flx[EN] FlylkN] MI1[kMm] Fax[kN] EF2y[EN] M2 [klm]
1 1 4 3.€3 1_00 G_0o0 -3_£3 -1._00 0_5&
2 - 2 =2.18 1.00 =0.8& 2.18 =1.00 0.01
3 5 3 3.44 0.48 =0.08& -2.34 2.55 o.oo
4 2 5 -2.18 1.00 o.00 2.38 -0.48 g.0%5
B ] E E.g82 0.00 o.0D =E.B2 0.00 o.00

(elemsnt end forces in global coordinate system X=y)

T7.2. Internal forces for applied loads

Internal forcea, Loading: { Gk) Dead Gkl = 0.47%, GkZ = 0.075 [EN/m]

Elem. HNode-l1l Hode-2 M1[EM] VI1[kN] Ml [kFm] N2[kN] Va[kH] M2[kNm] Mm[kN] Vm[kN] Mm[kHm]
1 1 4 -3.80 0.5E g0.00 -3.27 -0.8¢ -0.45 -3.55 0.00 0.38
2 4 2 1.75 0.52 -0.45 1.B4 .87 0.00 1.75 o.g0 -0.21
3 5 3 -3.27 0.8 -0.45 -3.800 -0.58B 0.00 -3.55 0.00 0.38
4 2 5 1.84 -0.&7 g0.00 1.7% -0.52 -0.45 1.7% =-0.80 =-0.Z21
5 4 5 -5.33 0.04 g0.00 -5.33 -0.04 0.00 -5.33 0.0s 0.0z

(m point of maximm span moment for permanent load, or element middle point)
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Internal forces, Loading: (0k1) Snow Qkal= 1_200, QksR= 1.200 [EM/m]
Elem. Fode-l Hode-2 N1[kN] WI1[kN] M1 [kFNm] MN2[kN] VZ[kF] M2 [kHm] Mm[kN] Vm[kN] Mm[kNm]
1 1 4 -8.68 1.37 0.00 -7.44 -2.03 -l.0e -8_18 0.00 0.83
2 4 2 4.13 2.18 -1.0e 4_3% 1_58 a.00 4. 24 1.88 -0.45
3 5 3 -7.44 2.03 -1.0e -B.gg8 -1.37 0.00 -B_18 0.00 0.83
4 2 5 4.35 -1_.58 0.00 4.1 -2.18 -1.0€& £4.24 -1.238 -0.4%
5 2 5 -12.31 g.ao 0.00 -12.31 0.00 0.00 -12.31 0.00 0.oo0
im point of maximum span moment for permanent load, or element middle point)
Internal forces, Loading: (Qk2) Snow Qkal= 0.600, QksR= 1.200 [EM/m]
Elem. Node-1 Hode-2 W1[kN] WI1[kN] MI[kNm] N2 [kN] V2[k¥] M2 [kNm] Mm[kN] Vm[kN] Mm[kNm]
1 1 4 -&.33 0.53 0.00 -5E.71 -1.17 -1.04 -£.08 -0.1¢ 0.24
2 4 2 2.587 1.38 -1.04 3.08 1.6% -0.01 3.03 1.24 -0.50
3 5 3 -5.45 1.88 -0.55 -&.8% -1_.53 0.00 -£.1% -0.1¢ 1.10
4 2 5 3.44 -0.g% 0.00 3.23 -1.28 -0.55 3.33 -0.38 -0.24
5 2 5 -3.24 g.ao 0.00 -5_24 0.00 0.00 -5_24 0.00 0.oo0
Internal forces, Loading: (Qk3) Snow Qkal= 1.200, QksR= 0.600 [EM/m]
Elem. Node-1 Hode-2 W1[kN] WI1[kN] MI[kNm] N2 [kN] V2[k¥] M2 [kNm] Mm[kN] Vm[kN] Mm[kNm]
1 1 4 -&. €5 1_53 0.00 -5_45 -1_.88 -0.55 -E.15 0.1g 1.10
2 4 2 3.23 1.28 -0.55 -&4 0._&5 0.00 3.33 0.8 -0.24
3 5 3 -5.71 1.17 -1.04 -£.33 -0.53 0.00 -&_08 0.1e 0.24
4 2 5 3.08 -1.65% -0.01 2.57 -1.58 -1.04 3.03 -1.84 -0.BO
5 2 5 -3.24 g.ao 0.00 -5_24 0.00 0.00 -5_24 0.00 0.oo0
Internal forces, Loading: (QOk4) Wind Qkwl= 0.182, QkwR=-0.325 [kN/m]
Elem. HNode-l Hode—2 WI1[kMN] WI[EN] M1 [kNm] N2 [EHN] V2[EN] M2 [kNm] Mm[kN] VmlkN] IMMm[EkHm]
1 1 4 0.E& 0.3% 0.00 D.ee -0_.20 0.30 .88 0.15 0.35
2 4 2 -0.12 -0.48 0_30 -0.12 -0.55 a.00 -0.12 -0.53 0.1&
3 5 3 0.32 -0.47 -0.1lg 0.32 0.57 a.00 0.32 0.15 -0.47
4 2 5 -0.47 -0.37 0.00 -0.47 -0.1% -0.1le -0.47 -0.28 -0.05
5 4 5 0-83 0.0 0.00 D.83 0.00 Q.00 0.83 Q.00 0.00
(m point of maximum span moment for permanent load, or element middle point)
Internal forces, Loading: (Qk5) Wind Qkwl=-0._325, QkwR= 0.182 [EN/m]
Elem. HNode-l Hode—-2 WI1[kN] WI[kN] M1 [kFm] MN2[EN] Va2[EN] M3[kNm] MNm[kN] Vm[kN] IMm[kMNm]
1 1 4 0.3z -0.57 0.00 0.32 0.47 -0.1¢ 0.32 -0.15 -0.47
2 4 2 -0.47 0.1% -0.1¢ -0._47 0.37 a.00 -0.47 0.28 -0.0%
3 5 3 0.E& 0.20 0.30 D.ee -0.3% Q.00 0.8e -0.15 0.35
4 2 5 -0.12 0.5% 0.00 -0.12 0.48 Q.30 -0.12 0.53 0.1&
5 4 5 0.83 0.0 0.00 - ] 0.00 a.00 0.83 a.00 0.00
Internal forces, Loading: (Oki) Imposed (H) Qi = 0.300 [kN/m]
Elem. HNode-l Hode—-2 NI1[EMN] WI[EN] M1 [kNm] MN2[EN] W2[kN] M2[kNm] Mm[EN] Vm[kN] IMmn[kNm]
1 1 4 -2.17 0.34 0.00 -1.8& -0.51 -0_27 -2.04 a._00 0.22
2 2 2 1.03 0.54 -0.2¢ 1.0% 0.40 a._00 1.06 0.47 -0.12
3 5 3 -1.8g 0.51 -0.27 -2.17 -0.34 Q.00 -2.04 Q.00 0.22
4 2 5 1.0% -0.40 0.00 1.03 -0.54 -0_ZE 1.0 -0.47 -0.12
5 2 5 -3.08 o.oc 0.00 -3.08 0.00 a._00 -3.08 a._00 0.00
({m point of ma=imm span moment for permanent load, or element middle point)
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T7.3. Element end forces for applied loads

Element end forces, Loading:

{ Ck) Dead Gkl = 0.47%, Gk2Z = 0.075 [EN/m]

Elam. HNode-1 Hode-2 Flu[kM] Fly[kH] M [kMNm] F2x[kN] Fiv[kN] M2[kHm]
1 1 4 3.37 1.85 0.00 -3.37 -0.31 0.45
2 4 2 -1.5& a.27 -0.45 1.5¢ 0.0o U]
3 5 3 3.37 -0.31 -0.45 -3.37 1.85 0.00
4 2 5 -1.5%¢& 0.0o 0.00 1.5%¢ 0.27 0.45
5 4 5 5.33 0.04 0.00 -5.33 0.04 0.00
(element end forces in global coordinate system x-y)

Element end forces, Loading:

(Ok1) Snow Qksl—= 1.200, QksR= 1.200 [EN/m]

Elem. HNode-l1 Hode-2 Flx[kMN] Fly[kN] M1 [kNm] Fax[kN] Fav[kN] M2 [kNm]
1 1 & T.85 & 26 ] -7.85 -0.&83 1.0e
2 4 2 -4 83 0.63 -1.06 4_483 0.00 U ]H
3 5 3 7.85 -0.83 -1.08 -7.85 226 ]
4 2 5 -4 &3 a.00 ] 4._&3 0.&83 1.06
5 4 5 12.31 0.00 ] -1z2.31 0.00 ]

({element end forces in glokal coordinate

Element end forces, Loading:

(Ok2) Snow Qksl— 0.600, QksR= 1.200 [EN/m]

gystem x-yl

Elem. Node-1 Hode-2 Flx[kN] Fly[kN] M1 [kMm] F2x[kM] F2y[kN] M2 [kMNm]
1 1 4 5.7E 2.6E ] -5.7E -0_85 1.04
2 4 2 -3.47 0.85 -1.04 3.47 -0.53 0.0l
3 5 3 5.78 -0.10 -0.55 -5.7€ 3.73 ] ]
4 2 5 -3.47 .53 ] 3.47 0.10 0.55
5 4 5 5.24 Q.00 ] -5.24 g0.00 ] ]
(element end forces in glokal coordinate system x-y)

Element end forces, Loading:

(Jk2) Snow Qksl— 1_200, QksR= 0.600 [kN/m]

Elem. Node-l Hode—2 Flx[kN] Flv[kN] MI1[kNm] FIx[kN] Fiv[kN] Mz[kNm]
1 1 4 576 3.73 o.ooc -5.7E -0.10 0.55
2 4 2 -3.47 0.10 -0.5% 3.47 0.53 o.oo
3 5 3 5.TE -0_85 -1.04 -5.TE 2.8E o.oo0
4 2 5 -3.47 -0.53 -0.01 3,47 0_85 1.04
5 £ 5 524 0.00 o.oo0 -5_24 0._00 o.oo0

(element =end forces in glokal coordinats

Element end forces, Loading:

(Ok4) Wind Qkwl— 0.182 QkwR=-0.325 [EN/m]

gystem x-y]

Elem. Node-1 Hode-2 Flx[kN] Flv[kN] M1 [kNm] FZx[kN] Fav[kN] MZ[kNm]
1 1 1 -0.7& 0.14 U] 0.56 0.41 -0.30
2 4 2 0.28 -0.41 0.3 -0.31 0.51 0.0
3 5 3 -0.48& -0.34 -0.1& 0.10 -0.&5 ]
4 2 5 0.31 -0._51 ] -0_38 0.34 0.1&
5 4 5 -0.83 .00 U] ] 0.83 g0.00 1] 4]

(element end forces in glokal

coordinate system x-y)
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Element end forces, Loading: (Qk5) Wind Okwl—=-0_.325, OkwB= 0.182 [kN/m]
Elem. Hode-1 Hode-2 Flx[kN] Fly[kN] ML[kNm] F2x[kN] Fav[kN] M2[kNm]
1 1 4 —0.10 -0._&5 o_00 0.4¢e -0_34 0.1e
2 4 2 0.38 0.34 -0.1e -0.31 -0_51 0.0
3 5 3 -0.5& 0.41 0.30 a.7& 0.14 000
4 2 5 0.31 0.51 ] -0_28 -0.41 -0.30
5 4 5 -0.83 0.00 ] 0.23 0.00 ]
(element end forces in glokal coordinate system X-y)
Element end forces, Loading: (Qki}) Imposed (H) Qi = 0.300 [EN/m]
Elam. HNode-1 Hode-2 Flx[kN] Flv[EN] M1[kNm] F2x[kN] Fav[kH] M2 [kNm]
1 1 4 1.32 1.07 o.00 -1.52 -0.1e 0.27
2 2 2 -1.1¢ 0.1¢ -0.2& 1.1¢ 0.00 o.oo0
3 5 3 1.32 -0.1e -0.27 -1.32 1.08 o.oo0
4 2 5 -1.1¢ Q.00 g.oo0 1.1k 0.1g 0.2¢
5 2 5 3_08 a_oo o_.00 -3_0H 0._oo o.00
(element end forces in global coordinate system x-y)
7.4. Vertical nodal displacements (mm)
Hode Gk 2kl Qk2 k3 k4 2k ki
1 o_00 0.00 a.oao a._oo0 o_00 o_00 0.00
2 -0.58 -1.31 -0.58 -0.58 0_08 o.08 -0.48
3 o_00 0.00 Q.00 0.00 0.0 o_00 0.00
4 -p.78 -1.75 1.77 -4_45 -2.8¢ i_os -1.25
5 -0_78 -1.75% -4 45 1.77 3._08 -2.8& 0.0
7.5. Support reactions (kHN)
Hode Beact. Gk aki Qk2 Qk3 k4 2k5 dki
1 F= 3.37 7.65 E.7¢ E.7¢& -0.7& -0.10 .52
1 Fy 1.85 4 _2E 2.88 3.73 0.14 -0.85 1.407
3 F= -3.37 -7.65 -5.7¢ -E_7& 0.10 0.7¢ 1.52
3 Fy 1.85 4 _ZE 3.73 2_E& -0.&5 0.14 1.0
8. Bupport reactions for load combinationa (EN)
Loading [kH/m] Ection g I o
[ Gkl Dead Gkl = 0.478, Gk2 = 0.075 Permanent 1.35 o_oo 1_00
(Qkll Snow QksL= 1.200, QksB= 1.200 Short-term o._o0 1.50 0_50
(Qk2] Snow QksL= 0.e00, QksaB= 1.200 Short-term o._o0 1.50 0_50
(Qk3) Snow QksL—= 1.200, QksaB= 0.&00 Short-term o._o0 1.50 0_50
(Qk4) Wind Qkwl= 0.182, QkwR=-0.325 Short-term 0.0 1.80 0.ed
(Qk5) Wind Qkwl—-0.325, QkwR= 0.182 Short-term 0.o0 1.80 0.ed
(Qki)l Imposed (H) Qi = 0_300 Short-term 0._o00 1.50 o-oo
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8.1. Beactions at node : 1 (kN)
L.C. Load combination Duration clsgs kmod Fx Fy Fu/Emod Fyv/Emod
1 yvg.Gk Parmansent a._&ld 4.54% 2.454 7.581 4_15&
2 vg.Gktyg.Jkl Short-term 0.80 1&.078 B.8B4 17.8HeS S_871
3 g Gktyg k2 Short-term a4.50 13.15¢ E_4B8 14_g82 T_207
4 g GktygoJk3 Short-term a.80 13.15¢ 5_0Bg 1l4_eEg2 8_5824
5 vg.Gktyg.Jk4 Short-term a.30 3.41g 2_B58 a.755 2.558
& g Gk+tyg Jkb Short-term a_50 4 358 1_525 4_BB7T 1_E55
7 vg.-Ektyg . Jki Short-term a.30 T.431 4_051 B_257 4 _54¢
8 vg.Gktyg. Okltyg. ¥o.0k4 Short-term 0.30 15.39% 5.006 17.110 10.007
9 g.Gktyg. Ok l+yva. Fo.QkS Short-term 0.90 15.988 B.303 17.765  %.22E
10 wg.Gktyg.Qk2+yg.Fo.Qk4 Short-term 0.80 12.51¢ E.805% 13.507 T.343
11 wg.CGktyg.Ok2+yvg. o . QkE Short-term a.%0 13.10e E.505 14.582 & 58l
12 wg.Cktyg. Qk3+yvg.fo.Qkd Short-term 0.%0 1z.51e B.20% 13.507 %121
13 wg.Cktyg. Jk3+yvg o Jk5 Short-term a.50 13.10¢ T7.505 14_5&2 8._335
14 g Gktyg. Jkd+yvg o Jk1 Short-term a_50 5181 5_85%3% 10_.201 &_548
15 wg.Gktyg. Jkd+yg o Jk2 Short-term a_50 T.73% 4_g54 A_555 5_21€
16 wg.Cktyg. Jkd+yg o Jk3 Short-term a_50 T.73% 5_454 A_555 & 105
17 vyg-Gktyg Qk5+yg.Fo . Qkl Short-term d.50 10.163 4_ 720 11_2%2 5._245
18 wg.Gktyg.QkS+yg.fo.Qk2 Short-term a.50 = 3.521 S_E851 3.513
15 wg.Gktyg.Qkb+yg. o k3 Short-term a.50 5722 4_ 321 S_851 4 _BO2
20 g Gktyg. Qki+yg. Fo.Qkldyvg.do Qkd Short-term 0.80 12.51¢ 7.40% 13.507 g.232
Z1 vg.Gktyg.Qkityg. fo. Qkl+yg.- o . Jk5 Short-term 0.30 13.10% E.TO0E l4.5&Z2 T.450
22 vg.Getyg.Qkityg.fo. Qk2+yg.-do . Jke Short-term a.%0 11.07% E.210 1l2.306 &.500
23 vg.Gktyg.Qkityg. fo. Qk2+yg- o . Jk5 Short-term 0.%0 1l1.&64 5.506 12.9&0 &.118
24 g Gktyg.Qki+yvg. o Qk3tyg.odo Jk4 Short-term a.50 11.07% T.010 12.306 T.785
25 g Gktyg.Qkityg.-Fo . Jk3+yg-do  Jk5 Short-term a.50 11._&64 E_30& 12.5&0 7.007
Maximum walues 1g.078 5.006 17.8e5 10.007
26 wg.Gktyg.Q0k4e=0_5Ck+1 _50k4, (EQM Short-term 0.%0 1.500 1.867 2.111 2.074
27 g Gktyg.Qk5=0_5Gk+1.50k5, (EQU] Short-term a.50 2.882 0.e54 3,202 o771
8.2. Beactions at node : 3 (EN)
L.C. Losd combination Duration class kmod Fx Fy Fa/FEmod Fy/Fmod
1 vg.Gk Permansnt J.e0 -4_.545 Z.454 -7_5B1 4 156
2 g Getyg Okl Shorc-term a0.80 -16_078 B_58B84 -17_H&5 S_871
3 vyvg-Gktyg.Qk2 Short-term 0.80 -13.15¢ §.0Bg -l4_g&2 B.524
4 g Gktyg.Qk3 Short-term 0.50 -13.15¢ &_48g -1l4_g&z2 T.207
B yg.Gktyg.Qk4 Short-term 0.80 -4_.358 1.525 -4_B87 1.855
& yg.Ektyg.JkE Short-term a.50 -3.41¢ Z.85%8 -3.755 2.5%8
T vg-Getyg.Qki Short-term a.80 -7.431 4.0%1 -B.257 4_54e
B vyvg-Cktya. Okl+yag. fo.0kd Short-term 0.90 -15.988 B_30% -17.765  5.325
9 . Gktyg. Okl+yg. fo_ 0kS Short-term 0.90 -15.39%  5_006 -17.110 10.007
10 wyg.Gk+yg. Qk24yvg o . Qkd Short-term 0.80 -13.10% T.505 -14_5&2 8.335
11 vg-Gk+yg. k2 +tyg.- o .0ks Short-term a.50 -12.51¢ 8_20% -13.507 5.121
12 g Gk+yg . Qk3+yvg o Jkd Short-term a.80 -13.10% BE_505 -14_5¢&2 &_581
13 wg.Gk+yg. Qk3+yg . do . QkE Short-term 0.80 -12.51¢ &.&0% -13.507 T.343
14 vg.Gktyg. Oke+yg.do . Okl Short-term a.50 -10.163 4. 720 -11.252 5._245
15 g .Gk+yg. Qkd+yg .o . Qk2 Short-term a.80 -8.722 4.321 -5.e51 4_BO2
1& vg.Gktyg. Oke+yg.do.Qk3 Short-term a.50 -8_.722 3.521 -5_g51 3.513
T wg-Gektyg. QkS+yg . o Qk1 Shorc-term a.80 -5.181 5_853 -10_.201 &._548
18 vg.Gk+yg. 0kb+yg.- o . 0k2 Short-term a.s0 -7.73% 5.454 -H_55%5 £.1058
1% vg.Gk+tyg. OkS+yg.Fo . Qk3 Short-term a.s0 -7.735 4.8%4 -B.555 5.21¢
20 vg.Gk+yg. Qkityg o Qkltyg.o o Qké Short-term .30 -13.10& E.T705 -14.5&2 7.450
21 vy .Cktyg. Qkityg. do . Qkldyg do . QkS Short-term a.50 -12.51¢ 7.40% -13_507 g.232
22 g . Gk+tyg . Qkityg Fo Jk2+ygodo  QJkéE Short-term a_.50 -11_£64 E_306 -12_5%6&0 7.007
23 vg-Gktyg-Qkityg-do . Qk2+yg o . QkS Short-term 0.%90 -11.075  7.010 -12_306 7.785
24 g Gk+tyg . Qkityg Fo Jk3+ygodo  JkéE Short-term a_.50 -11_£64 5.50& -12.5%&0 €.118
25 vg.Gk+yg. Qkityg-fo . Qk3+yg.o o QkS Short-term .80 -11.07& E.210 -12.30& £.500
Maximum wvaluss 1e_ 078 5.006 17.8e5 10.007
26 g Ck+yg Qk4=0_5CGk+1_5Qk4, (EQU) Short-term 0.0 -2.882 0.654 -3.202 O0.771
27 vyg-Gktyg.QkE=0_5Ck+1_5QkE, (EQU) Short-term a.80 -1.500 1.8e7 -2.111 2.074
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9. Serviceability limit state
9.1. Serviceability limit atate {ECE EN1555-1-1:2005%, 82.2.3, 8T)
Control of deflection at node 4 (ECE &7_2)
Loading [ kM m] u [rm] Action 1 rl i Fdef
{ Gkl Dead Gkl = 0.478, Gk2 = 0.075 -0.783 Permanent 1.3 1.00 1.00 Q.80
(Qkl)] Smow QksL= 1.200, QksB= 1._200 -1.7%1 Short-term 0.80 O0.20 0.00 Q.80
(Qk2] Snow QksL= 0.&00, QksBE= 1_200 1.7¢6 Short—term 0.0 Qd.20 Q.00 0O.20
(Qk3)] Snow QksL= 1.200, QksB= 0.c00 —-4_452 Short-term 0.80 O0.20 0.00 Q.80
(Qk4)] Wind Qkwl= 0.182, QkwB=-0_325 -2.882 Short—term 0.ed Q.20 Q.00 0O.20
(Qk5)] Wind QkwLl=-0.325, QkwB= 0.182 3.085 Short-term O.ed O0.20 0O0.00 Q.80
Load combination w.inst w_fin [mm]
1 Gk 0.783 1.410
2 Gk + QJkl 2.574 3.200
3 Gk + Qkz2 0.783 1.410
4 Gk + Qk3 E.235 5.BEZ
E Gk + Qk4 3.e4¢E 4. 272
& Tk + QkE o.723 1.410
7T Gk + 0kl + o Ckd 4.251 4_3517
B Gk + Qk1 + o Ck5 2.5E74 3.200
5 Gk + QkZ + o Ckd 2.501 3.127
10 Gk + Qk2 + o CkE 0.783 1.410
11 Gk + Qk3 + o Ckd £.553 7.575
12 Gk + Qk3 + o CkS E.235 5.8EZ2
13 Gk + Qk4 + o Ckl 4 541 5.1&8
14 Gk + Qk4 + o Qk2 3.e4¢E 4. 272
15 Gk + Qk4 + o Okl 5.B72 £.4583
1¢ Gk + Qk5 + o Ckl 1.€75 2.305
17 Gk + Qk5 + o Ckz 0.783 1.410
18 Gk + Qk5 + o Ck3 3.005 3.E38
w.fin, g=w_inst,g{l+kdef), w_fin,g=w.inst, g(l+}2 -kdef] (ECE §2.2.3, Eg_-2.3, Eg.2_4)
Maximm deflection wvalues at node 4
w.inst = &.553 om, w.fin = T7.575% mm
Check according to ECS5 EN155%5-1-1:-200% 7.2, Tab.7.2
Final deflections at node 4
w.inst = §.%53 mm < L/300=T7100/300= Z3_.6ET mm
w.net,fin = 7.57% mm < L/250=T100,/250= ZB.400 mm
w.fin = T7.57% mm < L/S150=T100/150= 47_.333 mm
The check iz satisfied
9.2. Serviceability limit atate (ECE EN15%5-1-1:200%, 52.2.3, §7)
Control of deflection in middle of element 1 {ECE  §7.2)
Loading  [kN/m] ulmm]  Action ¥ 1 Yz Edef
{ Gkl Dead Gkl = 0.478, GkZ = 0.075 2.E648 Permanent 1.00 1.00 1.00 Q.20
({Qkl] Bnow QksI= 1.200, QksB= 1_200 &_.641 Short-term .50 0.20 0.00 0O.80
(Qk2)] Bnow Qksl= 0.e00, QksB= 1.200 3.321 EShort-term 080 0O.20 0.00 0O.80
(Qk3) Snow QksI= 1.200, QksB= 0.&00 &_.641 Short-term .50 0.20 0.00 0O.80
(Qkd) Wind QkwI= 0.122, QkwB=-0_32E 1.070 Short-term o.ed 0O.20 0.00 Q.20
(Qk5) Wind QkwL=-0.3Z5, QkwB= 0_.182 -1.515 Short-term o.e0 O.20 0©0.00 O.20

73




GADO CONS CONSTRUCT S.R.L.

STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII INVELITORILOR DE TIP BRAMAC PRIN STUDIU
ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI TEHNIC
STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M

Load combination w.inst w_fin [mm]
1 Gk 2.E48 4. TEE
2 Gk + Qkl 5.285 11._408
3 Gk + Qk2 5.5&5 B_0B7
4 Gk + Qk3 5.285 11.408
5 Gk + Qk4 3.718 5_83¢
& Gk + Qk5 2.E48 4_TEE
T Gk + 0kl + o Qkd 5.531 12.050
B Gk + Qkl + Jo_QkS 5.285 11._408
5 Gk + QkZ2 + Yo Qkd &.E11 B.72%
10 Gk + Qk2 + Yo QkS E._5&5 B_0BT
11 Gk + Qk3 + Yo Qkd 5.531 12.050
12 Gk + Qk3 + Yo CkS 5.285 11._408
13 Gk + Qk4 + Jo.Qkl T.035 5_157
14 Gk + Qk4 + o Qk2 5.378 T7.457
15 Gk + Qk4 + Yo Qk3 T7.035 5_157
16 Gk + Qk5 + Yo Qkl E_5&5 B_0BT
17 Gk + Qk5 + Yo QkZ 4 _308 £.427
18 Gk + Qk&5 + Yo Qk3 E._5&5 B_0B7
w.fin, g=w_inst,g{l+kdef), w_.fin,g=w.inst, g(l+}2 -kdef] (EC5 52.2.3, Eg.2.3, Eg.2.4)

Maximm deflection wvalues in middle of element 1
w.inst = 35.531 mm, w.fin = 12.050 mm

Check according to ECE EN1555-1-1:2005 &7.2, Tab.7.2
Final deflections in middle of element 1

Ww.inst 5.53]1 mm < L/300=3216/300= 10_.721 mm

w.net, fin = 12_050 mm < L/250=3216/250= 12_8ct mm

w-.fin = 12.0580 mm < L/150=3216/150= 2Z1.443 mm

The check iz satisfied

10. Tltimate limit state

10.1. Ultimate limit state {ECS EN155%5-1-1:2005, S&)
Rafter, elements: 1, 2, 3, 4

Loading [kHm] Ection i Y o
[ Gk) Dead Gkl = 0.478, Ck2 = 0.075 Permanent 1.35 0.00 1.00
(Qkl) Snow QksI= 1_200, QksB= 1_200 Short-term o_00 1.50 0.5
(Qk2) Bnow Qksl= 0_e00, QksB= 1_200 Short-term o_00 1.50 050
(Qk3) Bnow Qksl= 1_200, QkskE= 0_c00 Short-term o_00 1.50 050
(Qk4) Wind Qkwl= 0_182, Qkwh=-0_325 Short-term o._00 1.50 0.ed
(Qk5) Wind Qkwl=-0_325, Qkwk= 0_152 Short-term o_00 1.50 0.ed
(Qki) Imposed (H) Qi = 0.300 Short—term 0_00 1.50 0.0
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L.C. Load combination Duration class kmod -N/Emod  +N/Fmod  V/Emod MSFmod
1 g Gk Darmanent a_&0 —-H_545 4 _ 135 z.074 1.011
2 g Gktyg Okl Short-term a.80 -20.1&e3 10.007 5.012 2,442
3 vy Cktyg.Qk2 Short-term 0.80 -1e_8E1 8_458 4 _E88% Z.402
4 g Cktyg. Ok Short-term 0.80 -1e_8E1 8_4%8 4 _E25 2.402
5 vy . Cktyg.Ckd Short-term a.50 -5_857 2.755 1.&5¢ 1.148
& vy . Cktyg.Qks Short-term a.50 -5_857 2.755 1.&5¢& 1.148
T vy Gkt CQki Short-term a.50 -%_313 4_571 Z.250 1.11¢
B vy Gkdyg Okl+yg o Okd Short-term a.80 -20.1&e3 10.007 5_200 2 _E88
5 yg.GCktyg. Okl+yg .o OkE Short-term a.80 -20.1e3 10.007 5_.200 Z_.588
10 yg. Cktyg QkZ+yg o Dkl Short-term d.80 -1e.BEl 8_025 4 _E25 2.400
11 g GCktyg.CkZyg o 0kS Short-term a.90 -1le.243 8.458 4 _ 877 2.742
12 yg. Cktyg Qk3tyg. o Dk Short-term a.530 -1le.243 8.4538 4 _ 877 2.742
13 yg. Cktyg.Ok3tyg. o DkE Short-term d.30 -1g.8E1 8_025 4 _ &85 Z.400
14 g Gk+yg.Ckd+yg o Okl Short-term a.30 -12.%30 o 383 3_.510 1.851
15 yg.Gk+vg.Ckd+yg.po. Ok Short-term a.50 -11.274 5_3Ze 3.03e 1.537
le vg_ Gkiyg Okd+yg o Ok3 Short-term a.30 -10.%70 S_EZ5 3345 2. 0E2
17 yvg. Cktyg OkE+yg o Okl Short-term a.80 -12.%30 &.383 3_El0 1.851
18 yg. Cktyg.OkSHyg .o OkZ Short-term a.30 -10.%70 S_EEZ5 3.345 2.0e2
1% yg.Cktyg OkS+yg. o Dk3 Short-term a.50 -11.274 5_3zZg 3.03e 1.537
20 yg.Gktyg. Crityg. o Dkltyvg . yo. Sk Short-term 0.30 -16.547 8.1%5  4.252  Z.157
21 yg.Gk+yr. Dkityg Yo, Ckl+yvg. o Cks Short-term 0.30 -1g.547 8.1%5 4.252  Z.157
22 g Gkdyg. Qkityg. e QkZyg o Ckd Short-term .50 -14_8%0 7.13B  3.%43  1.578
23 vyg.Ckdyg. Ckityg. o . CkZ+yg .o . CkD Short-term 0.50 -14.587  7.440 4,131 z.201
24 vyg.Ckdyg. Ckityg. o Ck3tyg .o . Ckd Short-term 0.50 -14.587  7.441  4.131  z.201
25 vyg.Cktyg. Ckityg. o Ck3tyg. o . CkS Short-term 0.30 -14.8%0 7.138  3.343  1.378
Maximm values -20.183 10.007 5_Z00 2.742
10.2. Check of cross section Rafter, elements: 1., 2, 3, 4
Rafter, elements: 1. 2 3 4 , Load combination Ho 8
Tensicn parallel to the grain, Ft0d=5% 006 kN [ECE S€.1.2)
Bectangular cross sectkiom, =50 =m, h=150 mm, &= 7 500 mm®
Modification Eactor Emod=0.30 (Tak.3.1), Material factor yif=1.30 (Tak. 2.3
felk=T7_20 MN/mmt, feld=Emsd-felk/ =0 _ S0x7.20/1_30=4_ SEN/mm* (ECS Eg.2.14)
Feid=5_00& kN, otld=Fclid/Bnetto=1000x%_00&/7500=1_20H,/mn®* <« 4 _5SEN/mm?=fcid (Eg.6.1)
The check is satisfied
Rafter, elementa: 1, 2, 3, 4  Load combination Wo 3
Compression parallel to the grain, FebDd=-18.147 kN (EC5 S&6.1_4)
Bectangular cross sectiom, b=50 mm, h=150 mm, 2= 7 500 mm®
Modification factor Fmod=0.5%0 (Tak.3.1), Material factox w=1.30 (Tak. 2.3
folkmlE&. 00 H/ymm®, fcOdeFKmod -fcOk/yi9=0.30x16.00/1.30=1]1 0EN/mmm® (ECE Eg.2.14)
Feld=-18_147 kN, ocld=Feld/inetco=1000x18.147/75800=2_42N/mm* < 11 _OEM/mm*=f=0d (Eq.-6_2)
The check is satisfied
Bafter, elements: 1, 2 3 4 Load combination Ho 5
Shear, Fu=4. 680 kH (ECE §&6.1.7}
Bectangular cross section, bef=0.87x50=34 mm, b=L150 mm, R= &5 100 mm*
Madificarinn facenr Hmod=0_50 (Tal_3.1), HMHaesrial facesr wM=] 30 ([Tab. 2_3)
Evi=2.00 W/mm®, Ewd=Fmod-£vik/=0.%0x3.00/1.30=2.08H/mm® (ECE Eq.Z.14]
Fv=4 €80 KM, tvid=1_ S50Fvid/Rnetto=1000x1_S50x4_£30/5100=1_ 38N /mm* < 2Z_0EN/mm®=fvid (Eg.€.13)

The check is satisfied
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10.3. TMltimate limit atate {(ECE EN1535-1-1:200%, 5&)
Tie, elements: &
Loading [k}, m] Eoction K= I Fo
[ Zk] Dead Ekl = 0.478, GkZ = 0.075 Permanent 1.35 o.00 1.00
(Qkl) Snow QksL= 1.200, QksB= 1_200 Short—-term 0.00 1.50 0.50
(Qk2) Snow Qksl= 0.e00, QksB= 1_200 Short-term 0.00 1.50 0.50
(Qk3) Snow Qksl= 1.200, QksB= 0._&00 Short—term 0.0a0 1.50 0_50
(Qk4) Wind Qkwl= 0.182, QkwB=-0_325 Short-term 0.00 1.50 0.el
(Qk5) Wind Qkwl=-0_325, QkwB= 0_152 Short-term 0.00 1.50 1 ]
(Qki) Imposed (H) Qi = 0300 Short—term 0.00 1.50 0.00
L.C. Load combination Curation class kmod -N/FEmod +H/FEmod V/Fmod M/Fmod
1 vg.Ck Darmansnt 0.0 -11_58& 0.00o 0.085% a.047
2 yvg.Cktyg. 0kl Short-term 0.50 -2B.514 o.0o0 0.055% Q.03
3 yg.Cktyg.0kZ Short-term a.50 -23.383 o.0o0 0.0&0 Q.03
4 g Gktyg Ok3 Short-term a.50 -23_383 o_0o0d 0._0&ld 0_030
5 wg.Gktyg. k4 Short-term a.50 -&.555 o000 0. 0&ld 0.031
& yg.Gktyg.QkS Short-term .50 -&.555 o000 0. 0&d 0.031
T yvg.Cktyg. Dk Short-term a.80 -13.121 o.0o0 0.055% a.031
8 yg.Ckyg. Ckltyg.po. Ckd Short-term 0.0 -27.679 0.000 0.060  0.030
% yg.Gk+yg. Ckl+yg. o, CkE Short-term 0.50 -27.675  0.000 0.060 0.030
10 . Gk+yg. Qk3+yg. o Tkd Short-term 0.80 -22_545 0.000 0O.0&0  0.030
11 g Gk#yg. Qk3+yg. o QkS Short-term a.80 -22_548 0.000 0.0&0  0.030
12 vywg.Ck#yg. Dk3+yg. o Tkd Short-term 0.80 -22.548 0.000 0.0&0 0.030
13 ywg.CGk#yg. Dk3+yg.Po. Tks Short-term 0.80 -22.548 0.000 0.0&0 0.030
14 yg.Gkiyg. Gkdtyg o, Bkl Short-tarm 0.50 -l6.8&1  0.000 0.0&0  0.030
15 vg.Gktyvg. Ckdtyvg. o Ok2 Short-term 0.50 -14.2%6 0.000 0.060  0.031
16 vg.Gktvg. Ckdtyvg. o . 0k3 Short-term 0.50 -14.2%6 0.000 0.060  0.031
17 o Gk#yg. QkS+yg. o Qkl Short-term 0.50 -16.8€1 0.000 0.060 0_030
18 g Gk#yg. QkS+yg.Po . Qkz Short-term a.80 -l4.256 0.000 0.0&0 0.031
1% ywg.Ck#+yg. QkS+yg. o Qk3 Short-term 0.80 -l&.2% 0.000 0.0&0 0.031
20 yg.Ck+yg. Qki+yg. o Ckleyg. o Dkd Short-term 0.80 -22.548 0.000 0.080 0.030
21 yg. Gk, Qeityg. o Gkl o DkS Short-tarm 0.%0 -22.548  0.000 0.060  0.030
22 vg.Gktvg. Okityg.po . GkZtyg. o Ok Short-term 0.0 -15.%85 0.000 0.05%  0.030
23 g .Gktyg. Okityg.po . GkZtyg. po0kS Short-term 0.50 -15.%853 0.000 0.060  0.030
24 g .Gkryg. Dkityg.po . Gkdteg. o Ok Short-term 0.50 -1%.%85%  0.000  0.060 0.030
25 yg.Ck+yg. Qki+yg. o DkI+yg .o DkS Short-term 0.80 -1%.88% 0.000 0.05%  0.030
HMaximum valuss -28.514 0.000 0.08% 0.04a7
10.4. Check of cross section Tie, elements: §
Tie, elements: 5§  Load combination Ho 2
Compression parallel to the grain, FeOd=-25_663 kN ECS §e_1_4
Bectangular croass sesctciaon, B=50 mn, h=150 mm, 2= 7 500 mm®
Modificacion factor Hmad=0_50 Tak_3.1), MMacerial factor =1 (Tab. 2.3)
felk=16_00 M/mm?! K fcOd=Hmod  -felk/yH=0_50x1&_00/1_30=11_08H/rme* (EC5 Eg_2_14)
Feld=-25_€£3 kN, ocld=Feld/Bnetco=1000x25_ €63/ 0=3_42N/rem® < 11 _ 0EN/mm*=feld Eg.€.2

The check i3 sacvisfied

Hegligible shear stress, shear check is omitted (ECE §&.1.7)
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i.  Clesti 2x2.5x15 cm — Model 2 — Invelitoare Tigld metalica — distanta 85
cm interax

1. ROOF -002

Truazsed rafter roof type &

o J

2. General description, assumptions, materials, loads

2.1. Construction type
Timker roof, from trusses with timber Cl4. The truss type as sketch above.
Truss span 7.100 m, height 1.252 m, roof pitch 20.00°, truss spacing 0.850m
Finishing (rafter) from timber Cl4, of thickness 25 mm
Truss element cross sections BxH [mom]

Element=s 1, 2, 3, 4, Cross section 50x150 [mm]
Element=z 5, Cross section S50=150 [mm]
Truss wolume =0.085 m?, truss weight =0_.184 kN

2.2. Design codes

EN15350:2002, Euroccode 0 Part 1-1, Basis of structural design
ENM1551-1-1:2002, Eurpocode 1 Part 1-1, Actions on structures
EM1551-1-3:2003, Eurpocode 1 Part 1-3, Snow loads

EM1551-1-4:2005, Eurpcode 1 Part 1-4, Wind actions
EM1555-1-1:2005, Eurpocode 5 Part 1-1, Design of timber structures

2.3. Deaign methodology

The internal forces of the roof trusses are computed with finite element analysis. The truss is
conaiderad as & two disenaional frame The sciffness of the connectiona is adijuveted according to
the selected degree of stiffness. In order to compute the design values for internal forces

in various leading conditions, the intermal forces are first computed in unit leading, and then
from their combination the internal forces in various loading conditions are cbtainad.

211 the load combinations accarding to Eurocods I and Furassde 5 are taken into account,

and the checks are performed in the most unfavourable losding conditions, for combined action,
in ultimate limit state, according to ECE EN1S3E-1-1:2008, §€. The connecticns are designed

as screved connections with metal plates according to ECE EN1355-1-1:200%, §8.

The deflecticns are checked in serviceabilicy limit condivien,

according to EC5 EN1595-1-1:200%, §7.

2.4. Material properties (truss) (ECE ENW1555-1-1:200%, 53)
Timber class :  Cl4
Service classes : Class 2, moisturs content<=2Z0% (ECE §2.3.1.3

Material factor -~M=1_.30 (ECS5 Tab. Z_3)
Characteristic material properties for timber

fmk = 14.0 MPa, ftlk = 7.2 MPa, ft30k= 0.4 MPa
felk= 1&.0 MPa, fc30k= 2.0 MPa, fvk 3.0 MP=a
EOm = 7000 MPa, E005 = 4700 MPa, ES0m = 230 MPa
Gm = 440 MPa, gk 2530 Eg/m®*, pm = 350 Eg/m*
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2.5. Material properties (timber, Finishing) (ECS EN1%55-1-1:2003, £3)
Timkber class : Cl4

Service clagses : Class 2, moisture content<=20% [ECE %2.3.1.3)

Material factor #=1.30 (ECE Tab. Z.3)

Characteristic material properties for timber

fmk = 14.0 MPa, ftldk = 7.2 MPa, ft3lk= 0.4 MPa

folk= 16.0 MPa, fcS0k= 2.0 MPa, fvk = 3.0 MPa
Efm = 7000 MPa, E005 = 4700 MPa, ESOm = 230 MPa
Bm = 440 MPa, pk = 290 Kg/m?, pm = 350 Kg/m?

2.6. Distributed roof loads

Permanent load of roof cowvering Ge= 0.050 kN/m* {Corrugated metal)
Purlins, finishing, insulation Gt= 0.100 EN/m* GetEt= 0.150 kN /m?
Load of ceiling under the roof Go= 0.100 kN/m* p ‘
Snow load on the ground Sk= 2.000 kM/m* o "-
Wind pressure on vertical surface Qw= 0.7&b kN/ms : - d
Imposed load (category HI Qi= 0.400 kN/m* L
3. Spmow load (EC1 EN1S551-1-3:2003 £5)
Snow locad on the ground Sk (EC1 EW15%31-1-3:2003 &4, Annex C)

Climatic Region :ARlpine Begion, snow =zone -2, altitude above sea level=500 m
Sk=(0_642=2+0_009)x[1+(500/T20)2]=1_503 EN/m*
Characteristic walue of snow load on the ground: sk=2.000 kN/m=

Snow load on the roof (EC1 EN1551-1-3:2003 &5)

Ingle of pitch of reof : o=19.335"
Exposure coefficient : Ce=1.000 (EC1-1-3 55.2(7}]
Thermal coefficient : Ce=1.000 (ECl-1-3 S§5.2(8))

Shape coefficients, ol=m2=Z0.00%, pli{oll=uli{xZ)=0.800 (Table 5.2
S{all=plial) -Ce-Ct-Sk=0_000x1_00x1._00x2._ 000=1_600KN/m? (55.2)
E{a2)=pl{x2) -Ca-Ct -Sk=0_000x1_00x1._00x2._ 000=1_&600kN,/m?

Snow load (ECL EN1591-1-3:2003 §5.3.3)

Load case (I} , S(Lefti= ES{xl) =1.&00 kH/m%, S (Right)= Elx2]= 1.€00 kEN/m®
Load case (II) , Si{Left)= 0.5x5(xl)=0.800 kN /mt%, S(Right)= Si{xd]= 1.&00 kEN/m=
Load case (III), Si{leftl= Si{xll= 1.600 kHN/m=, E(Right)= 0.5x5 (x2)=0.800 kN/m®

4. Wind loading ECL ER1331-1-4:2005 53]
weo=31.00 »/g, Romania SR, Ione: 3 ;, vb= Cdir-Ceeason-Vhe = 31.00 mis

Terrain categary: IV, =2z=10_000m, zo=1_000m, zmin=l{m zmax:=200m, 6 =zoIl=0_050m
0.oe

kr=0.1%-(1.000/0.05 =0.,234
Roughness facear Crizlskr-ln(z/zo)s0_ Z34xla(l0_000sL_000)=0_5&0
H/Lu=t0/e00=0.08, 0.05=0/Lo=0.08==0_30, Le=€00.00 = EN12581-1-4, Tab. h.2)
2=10.00 m, XrLe=500/600=0.83, 2/Le=10/600=0.10, =3=0.336 eq. BT, .. ALD)
Orography factor Co(z)=1l+2x0._35&xD._083=1_0&E leq.2.2]
Turbulsnce factor Ko=1.000
Expasure fasear Celzj= 1_273% {EN1551-1-4 &4 &
glzi=Calz) - {*p) -Vbi=[0.001]xl.3Tdxl. E25x31 008=0_7cE kN/m*

Wind prescure on roof we=Oref-Caiz) .Cpe ECL EN1551-1-4:2005, §5.2

Exrernal pressure soefficisnes EC1 EN1551-1-4:200%5 Table 7.4 —

For pitch angle o=20.00°, Cpai{4)=0.32, Cpai=)=-0.57

¥ind pressure we|Left = 0.242 kb/m?

Wind pressure we({Right ]= =0_434 kN/m?

5. Roof timber finishing (rafter)

Timber [inishing (rafter) atructural system
The timber finishing (rafter) is designed as simply supported beam with span
Spacing of trusses L= 0.850m, and width 1.00m
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Dimensions of timber finishing (rafter)

Timber of finishing (rafter): Cl4, service class: Class 2, molisture content<==20%
Spacing of trusses L= 0.85%0m, roof pitch o= 20.00% , thickness of finishing 2Smm
Loading on timber [inishing (rafter)
Raof covering Ga= 0. 0ED kN/m=
Balf weight El= 0.071 kN/m*
Enow load Q= 1.&800 kN/m?*
Wind load o= 0.242 kl/m*® ‘hq.
Concentrated Qo= 1.000 kN E
il
Internal forces of timber finishing (span L=0.850 m, width =1.00 m)
Loading Lotion v v o max¥ [kN] maxQ[kN] maxM[kHm]
(Gk) Permanent Gk =0.121[kH/m] Permanent 1.35 0.0 1.00 0. 000 0.043 0.010
(Qkl] Snow Ck==1.c00[kH/m] Short—term 0.00 1.50 0.50 0. 000 0.&00 0.128
(Qk2) Wind Ckw=0.242[kH/m] Short—term 0.00 1.50 0.&0 0. 000 0.103 0.022
(Qk3) ConcentratedQkp=1.000[kH] Instantanecus O0.00 1.00 0.00 0. 000 0.470 0.321
5.1. Serviceability limit state {(EC5 EN1595-1-1:2005, S2.2.3, 8T)
Control of deflection (ECE &7.2)
Loading [N m] u [mm] Lction 1 il P2 Kdef
(Ek) Parmanent Gk =0.000[kN/m] 0.035 Permsnent 1.00 1.00 1.00 0O.80
(Qkl] Snow Qe==0.000 [kH,/m] 0.437 Short—term 0.50 O.20 0.00 O.80
(Qk2) Wind Dlow=0.000 [kH/m] 0.075 Short—term 0.e0 O.20 0.00 O.80
Load combination w.inst w_fin [mm]
1 Gk 0.035 0.08e3
2 Gk + Qkl 0.473 0.501
3 Gk + Qkz2 0.110 0.138
4 Ek + 0kl + Yo QkZ 0.518 0.548
5 Gk + QkZ + Yo .kl 0.325 0.357
w.fin,g=w.inst,g{1l+kdef), w.fin,g=w.inst,gl(l+}2 -kdef] (EC5 52.2.3, Eg.2.3, Eg.Z2.4)
Maximm deflection wvalues
w.inst = 0.518 mm, w.fin = 0.54¢ mm
Check according to ECE EM1555-1-1:-2005% &7.2, Tab.T7.2
Final deflections
w.inst = 0.518 mm < L/300=850,300= Z_.833 mm
w.net,fin = 0.546 mm < L/250=850,/250= 3.400 rm
w.Ein = 0.54¢ mm < L/1E0=850,/150= 5.€67 mm
The check is satisfied
5.2. Check of finishing, Ultimate limit state of deaign {ECE EN1555-1-1:200%, S5&)
L.C. Load ceombination Curation class kmod N/ Emod W/ Emod M/ Emod
1 vg.Gk Permanent 0_&0 0.0o0 0_10% 0_023
2 vwg. Gk + yg.Qkl Short-term .50 0.0o00 1.473 0.228
3 yvg.Gk + wg.Qk2 Short—term 0_.50 0.0o0 0.244 0_052
4 g Gk + yg k3 Instantansous 1.10 o_aoo 0_486 0_3058
E ywg.Ck + vI.0kl + vg.¥o.Qk2 Short—term 0.50 0.000 1.176 0.280
& yg. .Gk + yg.Q0k2 + ygodo. QJkl Short-term .50 0.0o00 0.744 0.158
Maximm walues o.0o0o 1.17& 0.305
Finishing, Load combination Mo §
Shear, Fv=1.053 kN {ECE SE.1.7]
RBectangular cross section, baf=0.E67 10=670 mm, h=2E mm, A= 1& TG0 mm?
Modification factor Emod=0.50 Tak.3.1), Material factor wi=1.3 (Tab. £.3)
fuk=3_00 Hfpm®, fuvdeEmed -Evk/yMed_ 50x3_ 0071 _30=3 08H/mm® (ECE Eg.2.14)
Fw=1.085% EN, tvild=1.G50Fv0d/Anetto=1000x1.50x1. 058/ 1€750=0.050/mt < 2. 08N mmi=Ev0d (Eg.&.13)

The check i1s satisfied
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Finishing, Load combination Mo 4

Bending, Myde0. 335 kHm, Mzds(. 000 kNm [ECE SE.1.6)
Bectangular cross sectien, b=1000mm, h=25mm, A=2.50x10 ‘mm?, Wy=1.04=10 Smm?, Wz=4.17x10 mm’
Modification factor Fmod=1.10 (Tak.3.1), Material factoxr wH=1.30 Tak., 2.3]

freyk=14_00 H/mm®, Imyd=Emsd -fmyk/ =1 _10x14_00/1_30=11_ E8EN/rmm*
frzk=14.00 N/mm®, fmzd=Fmod - fmzk/ v=1.10x14.00/1.30=11 85N/ /mm?

Rgttangular Erass sastisn Hmsd 70 [(ECE SE.L_&.(2]1)
ooyd=iyd/Wey, netto=10 °x0.335/ (0.1042xl0 %)= 3.22 W/mmt
cozd=tzd /Wez, natto=10 S0, 00/ (4.1E€7x10 bfl = 0,00 W/ omE

omyd/ frpd+Em. omed/ fmzd=0_272+0_000= 0.27 < 1 (EC5 Eg.&.11)
Fm. omypd/ fmyd+omad/ fmzd=0.15040.000= 0.15 <
The chesk is sacisfied

1 (ECS Eq.6.12)

6. Truss design

Truas geometric characteristice

Lengcth L=7_.100 m, height H=1_352 m, truss spacing 4=0_E50 m
Piech =36 _33%, angle o=30.00 7, tana=l_3E4, sinow]. 342, coso=d_S40
thamkbar of nodes = 5, number of elements =5, supporte 2

Haodal coordinates Truss element properties

Fode =[ml wlml Sup. Element K1 K2 bxhimm] Liz] Al=m A Iylmm 1 Wylmm "1
1 f.o00 o_opn 11 1 1 4 SoxiS0 3,216  TSOD 14 .063xi0 & 3 prsxin 9
2 3_BEE0 1._2%52 2 4 2 E0x1lED o_E&1 TEOD 1% . 083x10 4 1_B7Ex1D G
3 7.100 0.000 11 3 ] 3 S0x1S0  3.216 7SO0 14.063xl0 % 1.p75=1p 3
4 3.022 1.100 ] 2 & 50xiS0  0.561 7500 14 .063x10 8 1 p7Exln S
B 4.078 1.100 B 4 5 S0x15D 1.0585 THOD 14 063x1D 6 1 _B75x10 §

Line loads per truss
Tinbar denzity =290.00 kg m3, trugs galf waight =0.184 kN
Truss spacing d4=0.85 m, weight of truss connections =0.01E kN

Permanent line loads (kH/m) on truss
Boof coveringtself weight Gkl= 0.156 kM/m
Ceiling under roof Gkzs 0O _0BE EMN/®E

Variable line loads of short term action (EN/m) on truses
Imposed Qki= 0_40xD.8E0= 0_340 kN =z

Enow (Laft 1 Qkll= 1.360 kN/m (Right |} Qklr= 1.360 ER/m
Snow (Lefr | QkZ1= 0_680 kW/m (BRight ) Qki3r= 1_360 kX/m
Snow [(Leafe ] Qk31ls 1 _3&0 kM/m (Right | QOk3rs= 0_EED EN/m
Wind (Left | Qk4l= 0.20c kN/m (Right | Qk4r=-0.3gE ER/m
Wind (Left )} Qk51=-0_368 kW/m (Right Qk5r= 0.20& kE/m
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Design load combinationa
(vg=1.35, va=1.50, ¥o{ Liwve QE£)=0.70, Yol Snow Q1,02,031=0.50, Yol Wind Q4,Q5)=0.80)

L.C. RArctions Permanent-Variable Duration class
1 +wg-CGk Parmansnt
2 vywg-Gktyg Okl Short-term
3 vwg-Gktyg Qk2 Short-term
4 g Gktyg- Qk3 Short-term
5 vwg.Gktyg. Qdkd Short-term
& vg.Gktyg. Qks Short-term
T vwg-Gktyg- Qki Short-term
8 vwg.Gktyg. Okltyg.fpo.Q0k4 Short-term
8 vwg.Gktyg. Oklhyg. o . QkS Short-term

10 wg.Gktyg. OkZ+ygpo  Okd Short-term
11  wg.GCktyg. Qk2+yg o QkE Short-term
12  wg.GCktyg. Qk3tyg o Qkd Short-term
13 wg.GCktyg. Qk3+yg o QkE Short-term
14 wg.Gktyg. Qkdtyg o Okl Short-term
15 wg.Gktyg. Qkd+yg o Ok2 Short-term
18 wg-.GCktyg. Qkd+yg o Ok3 Short-term
17  wg.Cktyg. QkSHyg.fo Okl Short-term
18  wg.Cktyg. QkSHyg. o Ok2 Short-term
15 wyg.Gk+tyg. OkE+yg . po . 0k3 Short-term
20 wyg.GCktyg Qkityg o Oklbyg o . Ok4 Short-term
21 g Gktyg Qkityg oo Oklbyg - o . 0kS Short-term
22 g .CGktyg Qkityg o OkZ+yg oo . Okd Short-term
23 wyg.Cktyg Qkityg o OkZ+yg oo . OkE Short-term
24  wyg.Gktyg Qkityg o OkItyg oo Okd Short-term
25 wywg.Gktyg Qkityg o Ok3tyg .o 0kS Short-term

7. Truas static analysis

Design for connections with reduced stiffness (factor 0.20)

The truss is designed as frame structure [EN15535-1-1 £5.4.1)
with reduced comnnection stiffness according to the above factor
The rafter and the tie are considered as continuous elements.
The truss is first solwved for wvarious unit losd conditions,

gnd from them are computed the internal forces

for the warious loading conditions and load combinations.

Number of nodes = 5, number of elements =5, supgports 2

T.1. Static solutions for unit loads

Internal forces for unit loading (1 EN/m left rafter downwards)
Elem. Hode-1 Hode-2 NI[kN] VI1[kN] M1 [kNm] H2[kN] V2 [kN] MZ[kNm]

(T
1 4 -3.52 141 a.oo -2_8% -1.43 -0.04 J
1.53 0.32 -0_04 2,11 -0.17 a._00
-3.31 0.2e -0.&84 -3.31 0.26 Q.00 NNKH\\RN
o =

W

-1 -1.4% -0.01 1.51 -1.4% -0_324
-g.13 0.0 0.00 -5.13 0.0a0 Q.00

LR BT S Tk Iy e ]

M= B3EN

mnon L B
=]

Element end forces for unit loading (1 EN/m left rafter downwards)
Elem. Hode-1 Hode-2 Fla[EN] Fly[kN] M1[kMm] Fax[kEN] F2y[kN] M2 [kHm]

1 1 4 3.20 2.8E U] ] -3.20 0.3¢6 0.04
2 4 2 -1.53 -0.3e -0.04 1.53 0_85 U] ]
3 5 3 3.20 -0_85 -0.84 -3.20 0_85 U]
4 2 5 -1.53 -0_85 -0.01 1.53 0_85 0.84
5 4 5 5.13 a.00 U] -5.13 g0.00 U]

({element end forces in global coordinate system x-y)
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Internal forces for unit leading (1 EN/m right rafter downwards)
Elem. Node-1 Wode-2 MI[KN] V1[kN] M1[kWm] M2[EN] V2[kH] M2[kNm]
1 1 4 =3.31 =D.z26 0.00 =3.31 =0.26 ~=0.B4

2 4 2 1.81 1.45% -0.84 1.51 1.45 -0.01
3 5 3 -2.8% 1.43 -0.04 -3.%2 -1.41 0.00
4 2 ] 2.1 .17 0.00 .83 -0.32 -0.04
E 4 E =5.13 0.o0 0.00 =-5.13 0. 00 0.00

Element end forces for unit loading (1 EN/m right rafter downwards

Elem, Node-1 Nede-2 Flux[EN] Fly[kN] M1[k¥Nm] Fax[klN] F2y[kN] M2 [klNm]

)

1 1 4 .20 0.8% o.00 =3_20 =0_.85 o
2 2 -1.53 0.85% -D_84 1.53 -0_85 ]
3 = 3 3.20 0.3 -0.04 -3.20 2.68 b.
4 2 ] =1.383 0.8% o.00 1.93 =0,3E )
= 4 5 5.13 0.08 o.00 -5.13 0.00 (]

(alamant end forces in global coordinate system x-=y)

Internal forces for unit loading (1 kN/m tie downwards)
Elem. HNode-l Node-2 NI[kM] W1[kN] M1 [kMNm] MZ[kN] VZ[kN] M2 [kNm]

1 1 - -1.53 0.00 0.00 -1.53 0.00 0.01
2 4 a =0.07 =0.03 0.0z =0.07 =0.03 0.00
<} 5 a =1_83 o.oo 0.or =1_83 0. 00 0.00
4 2 5 -0.07 0.03 0.o0 -0_07 0_03 o_o2
5 4 5 -1.38 0.53 0.00 -1.3% -0.53 Q.00

Element end forces [or unit loading (1 EN/m tie downwards)

Elem. HNode-1 Mode-2 Flx[kN] Fly[kMN] Ml[kNm] Fax[kN] F2y[kH] M2 [kMm]

-84
-0l

i

.04
.00

(element end forces in global coordinate system x-y)

Internal forces for unit loading (1 kN/m left rafter pressure)
Elam. }-qun—l Hode=2  NI1[kK] V1[kN] Ml [klm] Ha[kN] V2I[EN] M2 [klm

1 1 4 1.44 0.53 i -1.44 -0.53 -0.01
2 ] ] o.08 0.00 .02 -0.08 Q.00 0.00
3 B 3 1.44 =D.53 0.01 =1.44 0.53 0.00
4 2 ] 0.08 0.00 o.00 =0_08 g0.o0 =0.02
5 2 5 1_38 0._53 o_oo -1_38 b.53 o_ao

1

1 1 4 =-3.07 1.59 0.00 =-3.07 =l1.€2 =0.0B
2 4 2 2.40 0.37 -D.0B 2.40 -0.15% 0.00
3 5 3 -31.75 b.30 -0.%€ -3.75 0_30 0.00
4 2 5 1.72 -1.8% -0.01 1.72 -1.85 -0.%e
-] ] 5 -5.82 0.00 Q.00 -B.B2 0.00 Q.00

Element end forces for unit loading {1 kN/m laft rafter pressure)

Elam. Node-1 Nade-2 Fle[kN] Fly[EN] MI[kWe] Fae[kN] Fay[EN] M2 [ENm]

1 1 4 2,34 Z.55 0.00 -3.44 0.48 ]
2 4 2 -2.38 =0.48 =0.08 2.19 1.00 ]
3 5 3 363 -1.00 -0.56 -3.63 1.00 ]
§ 2 5 -2.18 =1.00 =0.01 2.18 1.00 0.
5 4 5 5_82 -on o_oo -5_82 o._00 ]

(alamane and farses in glabal coordinate syscem X-y)

Internal Forces for unit loading (1 k¥N/m right rafter pressure)
Elem. Node-l1 Hode-2  W1[kM] VI[kN] MI[kMm] M2 [EN] Va[kH] M3 [kMm)]

1 1 ] -3.75 -0.20 0.040 -3.78 -0.30 -0.9&
2 4 2 1.72 1. 65 -D.5¢ 1.72 1.6% =0.01
3 s 3 -3.07 1.62 -0.05 -3.07 -1.58 0.00
] 2 ] 2.40 0.1% 0.00 2.80 =0.37 =D.DS
5 4 5 -5.82 0.00 0.00 -5.82 0.00 0.00
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Element end forces for unit loading (1 kN/m right rafter presaurs)
Elem. Node-1 Hode-2 FIx[kW] Fly[kH] MI[kNm] Fax[kN] F2y[kN] Me[kHm]
1 1 4 3.63 1.00 g.oo -3.63 -1.00 0.5¢6
2 2 2 -2.15 1.00 -0.%6 2.1% -1.00 o.01
3 5 3 3.44 0.48 -0.05 -Z.34 2_55 g.oo0
4 2 5 -2.158 1.00 o.oo 2.38 -0_48 0.05
5 4 5 5.Bz2 Q.00 g.oo0 -5.B2 0.00 o.oo0
(element end forces in globkal coordinate gystem x-y)
T7.2. Imternal forces for applied loads
Internal forces, Loading: { Gk) Dead Gkl = 0.15&, Gk2 = 0.085 [EN/m]
Elem. Node-l1 Hode—2 NI1[EMN] VI[EN] M1 [kNm] MN2[EN] V2[EN] M2 [kNm] Mm[EN] VmlkN] IMm[EkNm]
1 1 4 -1.332 015 0.00 -1.1¢ -0.28H -0.15 -1.2¢8 a.00 0.12
2 4 2 0_57 p.30 -0.15 o.e0 0.22 a.00 0._58 0.ze -0.07
3 5 3 -1.1& p.28 -0.15 -1.33 -0.15 a.00 -1.2e a.00 0.12
4 2 5 0.l -0.22 0.00 0D.57 -0.30 -0.15 0.58 -0.2& -0.07
= 4 5 -1.82 0.04 0.00 -1.82 -0.04 Q.00 -1.82 0.04 0.0z
(m point of maximum span moment for permanent load, or element middle point)
Internal forces, Loading: (Qkl) Snmow Qkal—= 1.360, QksR= 1.360 [EM/m]
Elem. KNode-1 Hode-2 N1[kH] WI[kN] M1 [kMm] N2 [kN] W2 [k¥] M2 [kNm] Hm[kN] Vm[kN] Mm[kHm]
1 1 4 -5.84 1.5¢ 0.00 -B.43 -2.31 -1.20 -5.27 a._00 1.01
2 2 2 4 _EB 2.47 -1.z20 453 1.7% -0.01 4.81 2.13 -0.E5&
3 5 3 -8.43 2.31 -1.z0 -5.84 -1.5¢6 a._0o -5.27 Q.00 1.01
4 2 5 4.3 -1.7% -0.01 2_EE3 -2.47 -1.20 4.81 -2.13 -0.B&
5 2 5 -13.5¢ g.oo 0.00 -13.5¢ 0.00 a.00 -13.56 a._00 0.00
(m point of maximm span moment for permanent load, or element middle point)
Inmternal forces, Loading: (Ok2) Snmow Qksl= 0.680, QksF= 1.3&60 [EM,/m]
Elem. HNode-1 Hode-2 W1[kM] WI[kN] M1 [kHMm] MN2[EN] W2[kN] M2[kNm] Mm[kN] Vm[kN] Mmn[kHNm]
1 1 4 -7.17 0.&e0 0.00 -5.47 -1.33 -1.18 -£.8% -0.18 0.27
2 2 2 3.37 2.2 -1.17 3.45% 1.31 -0.01 3.43 2.08 -0.587
3 5 3 -5 18 2.13 -0.&3 -7.58 -1.74 a._0o -7.02 -0.18 1.24
4 2 5 3.530 -0.78 0.00 3.68 -1.45 -0_&3 3.78 -1.12 -0.27
5 2 5 -10.47 g.oo 0.00 -10.47 0._00 a.00  -10.47 a._00 0.00
Imternal forces, Loading: (QOk3) Smow Qksl= 1_360, QksE= 0.680 [EM,/m]
Elem. HNode-1 Hode-2 W1[kM] WI[kN] M1 [kHMm] MN2[EN] W2[kN] M2[kNm] Mm[kN] Vm[kN] Mmn[kHNm]
1 1 4 -7.58 1.74 0.00 -5.18 -2.13 -0_.&3 -7.02 a.18 1.24
2 2 2 3.EE 1.45 -0.&3 3.50 0.78 Q.00 3.78 1.1z -0.27
3 5 3 -5.47 1.33 -1.1H1 -7.17 -0_.&0 Q.00 -E_85 0.18 0.27
4 2 5 3.4% -1.51 -0.01 3.37 -2.25 -1.17 3.43 -2.08 -0.57
5 2 5 -10.47 g.oo 0.00 -10.47 0._00 a.00 -10.47 a._00 0.00
Internal forces, Loading: (Qk4) Wind Qkwl= 0_206, QkwB=-0.368 [EN/m]
Elem. Fode-l Hode-2 N1[kN] WI1[kN] M1 [kFNm] MN2[kN] VZ[kF] M2 [kHm] Mm[kN] Vm[kN] Mm[kNm]
1 1 4 0.75 0.44 0.00 0.7s -0.z22 0.34 0.75 a.17 0.40
2 4 2 -2.14 -0.5% 0._34 -0.14 -0.66 a.00 -0.14 -0.81 0.1%8
3 5 3 0.3 -0.54 -0.18 0.3g 0_&5 0.00 0.36 0.17 -0.&53
4 2 5 -0.53 -0.42 0.00 -0.53 -0.21 -0.18 -0.53 -0.32 -0.11
5 2 5 0.55 g.ao 0.00 0_55 0.00 0.00 0i_55 0.00 0.oo0
im point of maximum span moment for permanent load, or element middle point)
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Internal forces, Loading: (Qk5) Wind Qkwl=-0_363, QkwR= 0.206 [EN/m]

Elem. HNode-1 Hode-2 W1[kM] WI[kN] M1 [kHMm] MN2[EN] W2[kN] M2[kNm] Mm[kN] Vm[kN] Mmn[kHNm]
1 1 4 0.3 -0.E% 0.00 0.3g 0.54 -0_18 0.3& -0.17 -0.53
2 2 2 -0.53 0.21 -0.18 -0.53 0.42 a._0o -0.53 0.32 -0.11
3 5 3 0.7% 0.22 0._34 0.7 -0.44 a._0o 0.75 =0.17 0.40
4 2 5 -0.14 0.E& 0.00 -0.14 0_55 0.34 -0.14 0.8l 0.1%8
5 2 5 0.55 g.oo 0.00 0.55 0.00 a._00 0.55 a._00 0.00

Internal forces, Loading: (0ki}) Imposed (H) Qi = 0.340 [kN/m]

Elem. Fode-l Hode—2 N1[kN] WI[kN] M1 [kNm] N2[kN] Va[kF] Ma[kNm] MHm[kF] VmlkN] IMm[kNm]
1 1 4 -2.48 0.3% 0.00 -2.11 -0.58 -0_.30 -2.32 Q.00 0.25
2 2 2 1.17 0.2 -0.30 1.23 0.45 a._00 1.20 a.53 -0.14
3 5 3 -2.11 0.58 -0.30 -2.4& -0.35% a._00 -2.32 a._00 0.25
4 2 5 1.23 -0.4%5 0.00 1.17 -0.82 -0_.30 1.20 -0.53 -0.14
5 2 5 -3.45% g.oo 0.00 -3.45% 0.00 a._0o -3.45 Q.00 0.00

(m point of maximm span moment for permanent load, or element middle point)

7.3. Element end forces for applied loads

Element end forces, Loading:

( Gk) Dead Gkl = 0.156, GkZ = D.085 [EN/m]

Elem. HNode-1 Hode-2 Flx[kM] Flv[EkN] Ml [kNm] F2x[kN] F2v[kN] M2 [kNm]
1 1 4 1.15 .63 g.oo -1.1% -0.13 0.15
2 2 2 -0.83 .05 -0.15 0.&3 0.00 o.oo
3 5 3 1.15 -0.13 -0_15 -1.15 .83 g.oo0
4 2 5 -0.83 a.00 g.oo0 0.&3 0.05 0.15
5 4 5 1.82 0.04 o.oo -1.82 0.04 o.oo0
(element end forces in globkal coordinate gystem x-y)

Element end forces, Loading:

(Ok1) Snow Oksl—= 1.360, QksR= 1.360 [EN/m]

Elem. HNHode-1l Node-2 Flx[kN] Fly[kN] Ml[kMm] F2x[kN] F2v[kN] B2 [kHm]
1 1 4 8.71 4_83 o.oo -8.71 -0.72 1.20
2 4 2 -5.Z24 a.72 -1_20 5.24 0.00 0.01
3 5 3 8.71 -0.72 -1.20 -8.71 £_83 o.oo0
4 2 5 -5.24 Q.00 -0.01 5.24 072 1.20
5 2 5 13.5¢6 Q.00 o.oo -13.5€e 0.00 o.oo0
(element end forces in glokal coordinate system x-y)

Element end forces, Loading:

(Ok2) Snow Qkel—= 0.680, QksR= 1.360 [EN/m]

Elem. Node-1 Hode-2 Flx[kN] Flv[kN] M1 [kNm] Fa2x[kN] F3v[kN] M2 [kNm]
1 1 4 E.53 3.02 g.oo0 -8.53 -0.56 1.18
2 4 2 -3.53 T -1.17 3.53 -0_&0 0.01
3 5 3 .53 -0.11 -0_E3 -5.53 £_23 o.oo0
4 2 5 -3.53 0. &0 o.oo 3.53 012 0_e3
5 2 5 10.47 Q.00 g.oo -10.47 0.00 o.oo
(element end forces in globkal coordinate system x-y)

Element end forces, Loading:

(Qk2) Snow Qksl= 1.360, QksR=

0.680 [EN/m]

Elem. Node-1 Hode-2 Flx[kN] Flv[kN] M1 [kNm] Fa2x[kN] F3v[kN] M2 [kNm]
1 1 4 E.53 4_23 g.oo0 -8.53 -0.11 0_&3
2 4 2 -3.53 .12 -0_E3 3.53 0._&0 o.oo0
3 5 3 .53 -0.56 -1.18 -5.53 3.02 o.oo0
4 2 5 -3.53 -0_&0 -0.01 3.53 T 1.17
5 2 5 10.47 Q.00 g.oo -10.47 0.00 o.oo
(element end forces in globkal coordinate system x-y)
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Element end forces, Loading: (Qk4) Wind Qkwl—= 0.206, QkwR=0.368 [EN/m]
Elem. Node-1 Hode-2 Flx[kN] Fly[kN] M1 [kNm] Fa2x[kM] Fav[kN] M2 [kNm]

1 1 4 -0_8& 0.15 ] 0.&3 0.47 -0.34
2 4 2 0.32 -0.47 0.34 -0_36 0_58 1] 4]
3 5 3 -0.52 -0_38 -0_1B 0.11 -0.73 U] ]
4 2 5 0.38 -0_58 U] -0.43 0._38 0.18
5 4 5 -0.55 a.00 U] 0.55 g0.00 U]

(element end forces in globkal coordinate system x-y)

Element end forces, Loading: (Qk5) Wind Qkwl—=-0.368, QkwR= 0.206 [EN/m]
Elem. Hode-1 Hode-2 Flx[kN] Fly[kN] M1 [kNm] F2x[kN] FZy[kN] M2 [kHm]

1 1 4 -0.11 -0.73 U] ] 0.52 -0_38 0.18
2 4 2 0.43 0._38 -0_1B -0.36 -0_58 U] ]
3 5 3 -0.&3 a.47 0.34 0.Be 0.15 U]
4 2 5 0.38 0._58 U] -0.32 -0.47 -0.34
5 4 5 -0.55 a.00 U] 0.55 g0.00 U]

({element end forces in global coordinate system x-y)

Element end forces, Loading: (Jki}) Imposed (H} Oi = 0.340 [kH/m]
Elem. HNode-1 Hode-2 Flu[kN] Fly[kN] Ml [kMNm] F2x[kN] F2v[kN] M2[kNm]

1 1 4 2.18 1.21 0.0 -2.18 -0.18 0.30
2 4 2 -1.31 0.18 =030 1.31 0.00 0.0
3 5 3 Z.18 -0.18 =030 -2.18 1.21 0.0
4 2 5 -1.31 a.00 0.0 1.31 0.18 0.30
E 4 5 3.45 .00 o.00 -3.45 0.00 0.00
(element end forces in global coordinate system x-y)
T.4. Vertical nodal displacements (mm)
Hode Gk 2kl k2 k3 Qk4 kS Qki
1 0. 0o 0.0 0.00 a.00 o.00 0. 0o 0.0
2 -0.20 -1.4%8 -1.11 -1.11 o.os o.0s -0 .58
3 0. 0o 0.0 0.00 a.00 0.0 0. 0o i}
4 =0.27 -2.03 2.00 =-5.08 -3.24 3.50 -1.33
5 =0.27 -2.03 -5.05 2.00 3.50 -3.24 -0.21
7.5. Support reactiona (EkN)
Hode Beact. Gk Qkl k2 k3 Dk Qk5 Qki
1 Fx 1.15 B.T1 £.53 £.53 -0.88 -0.11 2.18
1 Fy 0.83 4_583 3.02 4_23 0.15 -0.73 1.z21
3 Fx -1.15 -g_.71 -&.53 -&.53 0.11 (= -2.18
3 Fy 0.&e3 4_33 423 3.0z -0.73 0.15 1.21
8. Support reactions for load combinationa (kN)
Loading [kH,/m] Ection i I o
[ k] Dead Fkl = 0.153&8, GkZ = 0.085 Permanent 1.35 0.00 1.00
(Qkl) Enow Qksl= 1.3&0, QksBE= 1._3&0 Short—-term 0.00 1.50 0.50
(QkZ) Snow QksL= 0.g80, QksFE= 1.3&0 Short-term 0.00 1.50 0.50
(Qk3) Enow Qksl= 1.380, QksBE= 0.&80 Short—-term 0.00 1.50 0.50
(k4] Wind Qkwl= 0.208, QkwBE=-0.3&H Short-term 0.00 1.50 0.&e0
(Qk5) Wind Qkwl=-0_.388, QkwBR= 0.20& Short—-term 0.00 1.50 0.&e0
(Qki) Imposed (H) Qi1 = 0.340 Short—term 0.0 1.50 0.0
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8.1. Beactions at node : 1 (EN)
L.C. Load combination Duration class Jkmod Fx Fy Fu/Fmod Fy/Fmod
1 vg.Ck Permanent 0.&ed 1.e00 0.858 2.887 1.427
2 yg.CGktyg.dkl Short-term 0.80 14_&&7 B.05%8 1e.257 8._558
3 wg.Gktyg.Qk2 Short—term 0.50 11.401 5.381 1l1l2.g8&7 5.5975
4 g.CGktyg. k3 Short-term a.80 11.401 T7.1%4 12.ge7 T.5%53
5 vg.Gktyg.Qk4 Short—term 0.50 0.31g 1.088 0.352 1.205%
& yg.CGktyg. ks Short-term Q.50 1.430 -0.242 1.588 -0.2%H
7 vg.Gktyg.Qki Short—term 0.50 4. 867 2.8E8 5.408 2.583
8 vg.Gk+tyg. Qkldyg. fo.Qkd Short-term 0.%0 13.8%7 £.237 15.£41  $.152
5 vg.GCktyvg.Qkltyg.fo . Ok Short-term 0.50 14.56E T7.43% le.1B3 B.28E
10 vg.Cktyg.Qk2+yg . Fo _ QOk4 Short-term a.50 10_&30 5_520 11_Biz &.133
11 vg.Gktyg.Qk2+yg. o QkEs Short-term a.50 11.z58 4.722 12.554 5.247
12 vg.Gktyg.Qk3+yg.Fo.Ok4 Short-term 0.50 10.830 T7.333 li.Blz B.148
13 vg.Cktyg.Qk3+yg. o QkE Short-term 0.50 11.z58 E.53g 12.554 T.2e2
14 vg.Gktyg.Qké+yg. o Okl Short—term 0.50 B.850 4.70% 7.811 £.232
15 wg.Gktyg. Qkd+yg. do Qk2 Short-term Q.50 E_2Z17 3.350 5.7%86 3722
18 vg.Gktyg.ke+yg.Fo.0k3 Short-term 0.50 5.217 4. 257 5.758 4.73
17 wg.Gktyg. Qks+yg. o Qkl Short-term Q.50 T.5963 3.375 B.B4E 3.755
18 vg.Gktyg.Qk5+yg. o . Ok2 Short—term 0.50 B.330 2.021 7.033 2.245
15 wg.Gktyg. QkS+yg. o k3 Short-term Q.50 E_330 2.5827 7.033 3253
20 vg.Gktyg.Qkityg. o Qkltyg. Fo . Qk4 Short—term 0.50 10.&30 B.427 1.812 7.141
21 g .Gktyg.Qkityg . Fo Jkl+yvg- o JkS Short—term d.30 11.258 5_62% 12.5E4 & 254
22 wg.Gktyg.Qkityg. do Qk2+yg. o Qk4 Short-term Q.90 5.5587 5.0es 5.8%7 E_E31
23 vyg.Gktyg. Qkityg. o QJk2+yg. o QkE Short-term Q.50 5_8E5 4_270 10.735 4_745
24 vg.CGktyg.Qkityg. o Qk3+yvg. Fo . Qk4 Short-term 0.50 5.557 5.57% 5.857 &.E38
25 g Gktyg. Qkit+yg do  Qk3+yg. o Qk5 Short—-term a_.50 5_8E5 5177 10.735 5_752
Maximum values 14 287 8.237 1le.257 S_152
28 yg.CGktyg.Qk4=0.53Gk+1.50k4, (EQU Short-term 0.50 -0.217 0.802 -0.241 0.852
27 wg.Gktyg.Qks=0_53Ck+1_50kE, [(EQU] Short-term Q.50 0_.85%& -0.527 0.5%8 -0.585
8.2. Beactiona at node : 3 (EH)
L.C. Load combination Turation class kmod Fx Ey Fx/Emod Fy/Fmod
1 vg.Gk Permansnt 0.80 -1.=00 0.88e -2.887 1.427
2 yg.Gktyg. Qk1 Short-term 0.580 -14_2867 B.058 -1e.257 8._558
3 g Gktyg. Qk2 Short-term 0.580 -11_401 7.154 -12_E&7 T.533
4 g .Gktyg.Qk3 Short-term 0.50 -11.401 5.381 -12.887 5.578
5 g Gktyg. Qkd Short-term 0.90 -1.430 -0.242 -1_.588 -0.268
£ vg.Ck+yg. QkE Short-term 0.0 -0.31& 1.088 -0.352 1.2089
T wyg-Getyg.Qki Short-term 0.50 -—-4.8287 2.8 -5.408 2.5&83
8 vg.Ck+yg. Qkl+yg do. 0k Short-term 0.30 -14_.565  7.43% -1£.183% 8_2486
5 wvg.Gktyg. Qkltyg.do QkE Short-term 0.50 -13.857 §.237 -15.441 5.152
10 vwg.Gk+yg.Qk2+yg. o Qks Short-term 0.50 -11.258 E.53g -12.5&4 T.2ed
11 vg.Gk+yg.Qk2+yg.fo . QkS Short-term 0.50 -10.e30 7.333 -11.812 8._148
12 g Gk+yg.Qk3+yg.Fo . Qk4 Short-term 0.50 -11_258 4 T2z -12_5E4 5_247
13 vg.Gktyg.Qk3+yvg.do.QkS Short-term 0.50 -10.830 5.520 -11.812 5.133
14 ~+g.Gk+tyg. Qkd+yg. do . Qkl Short-term 0.50 -7.583 3.37% -B.BH4B 3.755
15 vg.Gktyg. Qkd+yg.do. Qk2 Short-term 0.0 -§.330 2.%27 -7.033  3.253
1e g.Gk+tyg. Qkd+yg. o Qk3 Short-term 0.0 -&.330 2.021 -7.033 2._245
T wg-Cetyg . QkS+ygodo  Qk1 Short-term 0.80 -&_850 4.70% -7_.€11 5_232
18 vg.Gktyg.kS5+yvg.do.Qk2 Short-term 0.50 -5.217 4. 257 -5.75%& 4.73
15 +g.Gk+tyg. Qkb+yg. do . Qk3 Short-term 0.50 -5.217 3.350 -5.7%& 3722
20 vg.Getyg. Qkityg.fo. Qkldyg. o Qkd Short-term 0.80 -11.258 5.825% -12.5:54 6.254
21 g Gktyg. Qkityg Fo Qkltyg . do . QkS Short—-term .80 -10_.&30 £.427 -11.B12 7.141
22 vwg.Gktyg. kityg.fo.Jk2tyg.do . QkE Short-term 0.50 -5._gE5 5.177 -10.735 5752
23 vwg.Gktyg. Qkityg.do. k2 +yg.do . QkE Short-term 0.50 -&8.557 5.575 -5.557 &.838
24 g Gktyg. Qkit+yg. do . Qk3+yg. do . Qk4 Short-term 0.80 -S_geL 4_270 -10.73% 4_745
25 vg.Gktyg. Qkityg.fo. Qk3+yg. o . QkS Short-term 0.80 -8.557 5.0gg -3.537 E.631
Maximim values 14 887 B_237 1le_257 5_152
26 vg.CGktyg.Qk4=0.53Gk+1.50k4, (EQU) Short-term 0.50 -0.85¢ -0.527 -0.5%& -0.585
27 g Gktyg.QkbE=0_3Ck+1_5QkE, (EQ Short-term 0.50 a_217 0.802 0.241 o852
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9. Serviceability limit state
9.1. Serviceability limit atate (ECE ENW1555-1-1:-2005%, S2_Z2_3, 8T
Control of deflection at node 4 {ECE §7.2)
Loading [kH/m] 1 [mn] Aeotion ] irl W2 Fdef
( Gk] Dead k1 = 0.158, CGk2 = 0.08E -0.274 Permanent 1.00 1.00 1.00 0O.80
(Qkl)] Snow QksL= 1.3&0, QksB= 1_3&0 -2.02% Short-term Q.50 Q.20 0.00 O.80
(Qk2)] EBnow QksI~ 0_e80, QksB= 1_3&0 2_002 Ehort—-term 0.50 4.20 0.00 0O.80
(Qk3] EBnow QksI~ 1_38d, QksB= 0_cB0 -5_04& Short-term 0.50 4.20 0.00 0O.80
(Qk4] Wind Qkwl~ 0.208, QkwB=-0_3cH -3.244 Ehort-term O.e0 O0.20 0©0.00 0O.80
(Qkb] Wind Qkwl~=-0.3c8, QkwB= 0.20& 1.458 Short-term O.e0 O0.20 0©0.00 0O.80
Load combination w.inst w.fin [mm]
1 Gk 0.274 0.45%4
2 Gk + Qkl 2.304 2.5232
3 Gk + Qkz2 0.274 0.454
4 Gk + Qk3 5,320 5.53%
E Gk + Qk4 3.518 3.738
& Gk + Qk5 0.274 0.454
T Gk + 0kl + o Qk4 4_ 250 4 45
B Gk + Qk1 + o._Qks 2.304 2.5232
5 Gk + QkZ + Yo Qk4 2.221 2.440
10 Gk + Qk2 + Yo.QkE 0.274 0.45%4
11 Gk + Qk3 + Yo.Qk4d 7.287 T.48¢
12 Gk + Qk3 + Yo.Qk3 5.320 5_53%
13 Gk + Qk4 + o .kl 4.53 4_TEZ
14 Gk + Qk4 + Yo Qk2 3.518 3.738
15 Gk + Qk4 + Yok &.041 E_2El
16 Gk + Qk5 + Yo.Qkl 1.285 1._508
17 Gk + Qk5 + o Qk2 0.274 0.454
18 Gk + Qk5 + o k2 2.737 3.017
w.fin,g=w.inst,g{l+kdef), w_fin,g=w.inst,g(l+)2 -kdef] (EC5 52 _2.3, Eg.-2.3, Eg.Z.4)
Maximm deflection walues at node 4
w.inst = 7T_267 mm, w.fin = T_48¢ mm
Check according to EC5 EN1555-1-1:200% &7.Z, Tab.7.2
Final deflections at node 4
W.inst = T7.2687 mm <« LS300=T100/300= 2Z3_667 mm
w.net, fin = 7.48€ mm < L/Z50=T7100/250= 2ZB_.400 mm
w.fin = T.486¢ mm < LS150=T100/150= 47_333 mm
The check is satisfied
9.2. Serviceability limit atate (EC5 EN15%5-1-1:200%, S2.2.3, 8T
Control of deflection in middle of element 1 {(ECE §7.2)
Loading  [kNsml ulmml  Action Wi il 12 Edef
{ Gk)] Dead Gkl = 0158, Gk2 = 0.0EE 0.86% Permanent 1.00 1.00 1.00 O.80
(Qkl] Snow QksL= 1.3€0, QksB= 1.3&0 7.527 Short—-term Q.50 0.20 ©.00 0O.80
(Qk2)] EBnow Qksl= 0.€80, QksB= 1.3&0 3.76¢% Ehort-term Q.80 0.20 O.00 O.80
(Qk3)] EBnow Qksl= 1.3€0, QksB= 0.&80 7.527 Ehort-term Q.80 0.20 O.00 O.80
(Qk4) Wind Qkwl= 0_20&8, QkwB=-0_3&H8 1_21% Short-term O.ed d.20 0.00 0O_80
(Qk5)] Wind Qkwl=-0.388, Qkwh= 0.20& -2.170 Short-term 0.0 0.20 2.00 O.80
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Load combination w.inst w_fin [mm]
1 Gk 0.BE3 1.554
2 Gk + Qkl 8.350 5.081
3 Gk + Qk2 4 _g27 5.317
4 Gk + Qk3 g._3540 5_0R1
E Gk + Qk4 2_07& 2.7E8
& Gk + Qkb 0.B&3 1.5E54
T Gk + 0kl + Jo.Qkd 5_11H 5_808
B Gk + Qkl + Jo_QkS g8.350 5_0R1
5 Gk + QkZ2 + Yo Qkd 5_354 E.045

10 Gk + Qk2 + Yo CkS 4 827 5.317
11 Gk + Qk3 + Jo.Qkd 5.11H 5.808
12 Gk + Qk3 + o kS 8.330 5._.081
13 Gk + Qk4 + Yo Qkl E_B35 E.530
14 Gk + Qk4 + Yo QkZ 3.557 L _E&E
15 Gk + Qk4 + Yo Qk3 5 _B35 E.530
1e Gk + Qk5 + Jo. Qkl 4 827 5.317
17 Gk + Qk&5 + Yo QkZ 2.745 3.435
18 Gk + Qk5 + Yo Qk3 4 827 5.317

w.fin, g=w_inst,g{l+kdef), w.fin,g=w.inst,gl(l+}2 -kdef]

Maximm d=flection walues in middle of slement 1

Ww.inst =

5.118 mm,

Check according to

w.fin = 9_808 mm

EC5 EM1955-1-1:2005
Final deflecticns in middle of element 1

w.inst

w.net, fin =

w_fin

The check

5.118 mm < L/300=3216/300=
mm < L/S2E0=3218/250=

5_808
5_80B

mm < L/1E0=321&67150= 2
iz satisfied

10. Tltimate limit state

10.
12

.
) .

- i

]

T21

=113

443

Tab.7.2

[

HEH

10.1. Ultimate limit atate (EC5 EN153%5-1-1:200%, Eg&)
Rafter, elements: 1, 2, 3, 4
Loading [kH./m] Action
[ Gk) Dead Gkl = 0.158, GkZ = 0.085 Permanent
(Qkl) EBnow QksL= 1.3c80, QksB= 1_3&0 Short—-term
(QkZ) Bnow QksL= 0.€80, QksB= 1_3&0 Short—-term
(Qk3) EBnow QksL= 1.3c0, QksB= 0.&80 Short—-term
(Qkd) Wind Qkwl= 0.208, QkwR=-0_3&H8 Short-term
(Qk5) Wind QkwL=-0.3€8, QkwB= 0.20& Short—term
(Qki) Impeosed (H) Qi = 0.340 Short—-term
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L.C. Load combination Turation class kmod -N/Fmod +¥/FEmod V/Emod M/Fmod
1 yvg.Gk PBaermanent a_.&ed -2.554 1.335 0.&e73 0.328
2 wyg Gktyg Dkl Short-term a.50 -18_.3%2 S.107 4 _5gl 2.222
3 yg.Gktyg. Qk2 Short-term .30 -14.837 T.35%¢E 4._15¢ 2.25¢8
4 g Gkdyg. Q3 Short-term a.a0 -14.837 T.357 4_15¢ 2.25¢%
E vy .Gktyg. Qlked Short-term a.80 -1_5%& 0.8%3 1.0z24 0.244
& yg.Gktyg. Ok Short-term Q.50 -1.55%& o.853 1.024 0.844
T vy .Gkbyg. Qi Short-term a.50 -&.035 2.54¢E 1.477 0.71%
8 yg.Gkdyvg. Ckltyg. o Okd Short-term Q.30 -1lB.352 2.107 4._774 2.400
S vg.Gktyg.Qkltyg. o OkS Short-term a.30 -1lB.352 2.107 4. 774 2.400
10 yg.Gktyg.CkZtyg. o k4 Short-term a.a0 -14.837 &.HE5 4_15¢ 2.25¢%
11 yg.Clkdyg. OkZ+yvg. o . OkE Short-term 0.%0 -13.548 T.35%¢E 4_408 Z2.851
12 g Gk+yg. Dk3tyg o Ckd Short-term a.50 -13.548 7.357 4 _408 2.851
13 yg.Gk+yg.Ck3+yg.fo. OkS Short-term a.30 -14.837 &.HES 4_15¢ 2.256
14 g Gktyg. Qkdtyg. o 0Okl Short-term 0.0 -10.154 S.o000 2_855% 1.88¢
18 yg.Cktyg. Okd+tyg. o Ok Short-term a.80 -8.317 3.801 2.322 1.221
16 yg.Ckyg. Okd+tyg. o Ok3 Short-term 0.80 -7.572 4_145 Z.e7e 1.87%
17 yg.Ckdyg . OkS+Hyg. o Okl Short-term a.30 -10.154 S.000 Z_8E5 1.&888
18 yg. Gktyg OkS+yg o Ok2 Short-term a_.s50 -7.572 4_145 2877 1.87%
1% yg.8k+yq.CkS+yg. o 0k3 Short-term a.50 -8_.317 3.801 2.322 1.221
20 yg. Gk, Ckityg. o Ckltyg. o . Okd Short-—term o.50 -14.23%  7.053  3.746 1.300
21 yg.Ck+yvg. Ckityg.yo. Seltyg.po . DkE Short-term 0.80 -l4.2%3  7.083  3.746  1.300
22 yg. Gktyg. Ckityg Yo QkZ+yg oo . Dkd Short-term Q.50 -12.41& 5_855 3_350 1.8537
23 yg Gktyg. Ckityg Yo QkZ+yg oo OkS Short-term a.s0 -12.071 e_158 3_583 2.037
24 yg. Gk g, Dkityg.fo. T3t po . kg Short-term 0.0 -12.071  &.1%F  3.563 2.0487
25 yg.Gk+yg. Dkityg.fo. B3ty po . TkS Short-term 0.0 -12.416 S.ESE  3.350 1.8%7

Maximum wvalues -1g_352 5.107 £4.774 2.EE1

10.2. Check of cross section Rafter, elements: 1. 2 3 4

Bafter, elements: 1, 2, 3, 4 . Load combination Ho 8

Tension parallel to the grain, FtOd=8.196 kN [EC5 §&.1.2)

Fectangular cross section, b=50 mm, h=150 m=m, B= 7 500 mm®

Modification factor Foeod=0.30 (Tab.2.1), Material factox vi=1.30 (Tabk. 2.3)

E20k=7.20 N/mm*, ftid=Fmod-£tlk/yH=0.50x7.20/1.30=4.38N/mm® (ECS Eq.2.1l4

Fe0d=8.1%€ kN, otld=Ftld/Anetto=1000xE.13&6/7E00=1.05,/mm® < §.28H/mm?=£t0d Egq.6.1)
Tha chack is satisfied

Bafter, elements: 1, 2, 3, 4 . Load combination No 9

Compression parallel to the grain, Fold=-16.553 kN ECE 5e.1.4)

FBectangular cross sectiom, b=50 mm, h=150 m=m, B= 7 500 mm®

Modification factor Fmod=0.30 (Tab.3.1), Material factox vi=1.30 (Tab. 2.3)

£olk=16.00 W/fmm®, fold=Fmod-fcOk/vi=0.90x16.00/1.30=11.08N/mm®* {EC5 Eq.2.l4)

Fold=-16.553 kN, ocld=Fcld/Anetto=1000x1&.553/7500=2.21N/mm* < 11.0EM/mm®=fcld (Eq.€.2)
Tha check is satisfied

Rafter, elements: 1, 2. 3, 4  Load combination WNo 9

Shear, Fuv=4 237 kR (ECE RE_1_7)

Rectangular cross section, bef=0,57Tx50=34 mm, h=1ED mm, A= E 100 mm®

Modification factor Fmod=0.5%0 (Tak.3.1), Macerial factor vM=1.30 (Tabk. 2.3)

fuk=3_00 Nfmm*, 6 fvd=Kmed-fvk/M=0_50x3_00/1._30=2_08N/mm* (ECS Eq.Z.14%)

Fue=4.297 kN, tvid=1.50Fwid/Anetto=1000x1.50x4. 297/5100=1 26 /ma? < 2. 08N /mn®=£v0d {Eg.6.13

The check i1z satisfied

10.3. Ultimate limit atate ({EC5 EN1595-1-1:2003, S&)
Tie, elements: &
Loading [kH,/m] Action i I o
[ Gkl Dead Gkl = 0.156, GkZ = 0.085 Permanent 1.35 0.00 1.00
(Qkll Snow DksL= 1.380, QksR= 1.3&0 Short-term 0.0a 1.50 0.50
(Qk2] Snow DksL= 0.E20, QksRE= 1.3&0 Ehort-term 0.0a 1.50 0.50
(D3] Snow DksL= 1.380, QksR= 0.&20 Ehort-term 0.0a 1.50 0.50
(Qk4] Wind Qkwl= 0.2068, QkwR=-0.3&H Short-term o.0a 1.50 0.ed
(Qk5] Wind QkwLl=-0.368, QkwR= 0.20& Short-term o.0a 1.50 0.ed
(Qki} Imposed (H) Qi = 0._340 Short-term o.0a 1.50 0.00
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L._C. Load combination Turation class kmod  -N/Emod  HN/Emod VW Emod  MAEmod
1 yg.Gk Permanent 0.&0 -4.052 0.000 0.101 0.053
2 yg . Gk+yg Okl Short—-term 0.50 -25.588 0. 000 0.0e7 0.034
3 yg.Gk+yg.Qk2 Short—-term 0.50 -20.173 0.000 0.0el 0.034
4 yg.Gk+yvg.Ck3 Shorc-term 0.%0 -20.173 0.000 0.0&l8 0.034
E yg.CGk+yg.Qkd Short—-term 0.50 -1.1E51 0.000 0.0el 0.03e
& vg.Gk+yvg.CkS Shorc-term 0.50 =-1.1E51 0.000 0.0&l8 0.03e
T yg.Ck+yg.Qki Short—-term 0.50 -H.543 0.000 0.087 0.038
B vg.Gk+yg.Ckl+yg.fo.Ckd Shorc-term 0.30 -25.042 0.000 0.0&l8 0.034
5 vy Gk+yg Qkltyvg. o QkES Short—-term 0.50 -25.042 0.000 0.0el 0.034
10 vy . GCk+yvg.Ck2+yg .o Okl Shorc-term 0.50 -15.227 0.000 0.087 0.038
11 wyg.Ckdyg.Qki+yg.o . CkE Short—-term 0.50 -15.227 0.000 0.0el 0.038
12 vy Gk+yg.Ck3+yg.fo.Okd Shorc-term 0.50 -15.227 0.000 0.0&l8 0.038
13 yyg.Ckdyg.Ok3I+yg.fo. CkS Short—-term 0.50 -15.227 0. 000 0.087 0.035
14 yg.Gk+yg.Ckd+yg. Yo Okl Short—term 0.50 -l2.781 0. 000 0.0&l8 0.038
15 yyg.Ckdyg.Okd+tyg .o 0k Short—-term 0.50 -5.874 0.000 0.087 0.035
16 yg.Gk+yg.Ckd+yg. Yo Ok3 Short—term 0.50 -5.874 0.000 0.0&l8 0.038
17 wyg.Ckdyg.QkS+yg.o . Ckl Short—-term 0.%0 -la2.781 0.000 0.0el 0.038
18 yg.Gk+yvg.CkS+yg. Yo Ok Short—term 0.50 -5.874 0. 000 0.0&l8 0.038
15 yyg.Ckdyg.OkS+Hyg.fo. 0k Short—-term 0.50 -5.874 0.000 0.087 0.035
20 yg.Gk+yg.Ckityg. Yo Ckltyg. o Ckd Short—term 0.50 -15.227 0.000 0.0&l8 0.038
21 yg.Ck+yg.Qkityg.fo. Okltyg. o Ok Short—-term 0.50 -15.227 0.000 0.0eR 0.035
22 yg.Gk+yg.Ckityg.yo. CkZtyg. o Ckd Short—term 0.50 -le.320 0.000 0.087 0.038
23 wyg . Gk+yg.Qkityg. o OkZtygpo Ok Short—-term 0.50 -le.320 0. 00a 0.0&R 0.035
24 yg.Gk+tyg.Ckityg. Yo Ck3Ityg. o Okl Short—term 0.50 -le.320 0.000 0.0el 0.035
25 yg.Ck+yg.Qkityg.fo. Ok3Ityg. o Ok Short—-term 0.50 -le.320 0. 000 0.087 0.035
Maximum wvalues -25.5%58 0.000 0.101 0.0583
10.4. Check of cross aection Tie, elements: 5
Tie, elements: 5 , load combination Wo 2
Compression parallel to the grain, Focld=-23.389% kN [ECE §6.1.4)
Ractangular cross seaction, b=E0 mm, h=150 mm, A= 7 EO0 mmf
Modification factor Emodwd S0 Tab.3.1), HMacerial factor yiml_ 30 (Tab. 2.3)
febk=1&6.00 N/mm®, fcOd=Emod - felOk/y=0_50x16.00/1_30=11.08NH,/mm* (ECSH Eg.2.14)
Fobd=-23.385% kN, ocld=Feld/Enetto=1000x23.3853/7500=3.12N/mn®* < 11_08H/mm*=fcid |Eg.6.2

The check is satisfied

Regligible shear stress, shear check is ocmitted (ECE §6.1.7)

Pana:

in urma calculelor efectuate rezultd sectiunea panelor intermediare (cele
care nu reazema pe centurile de beton armat) de 10x30 cm in ambele modele de

calcul.

Incarcarile la nivelul panelor sunt urméatoarele:
Greutate wolumica lemn= 600 kg/m3
Greutate wlumica lemn= 6 KN/m3

Lungime Pana= 4 m

L aferenta pana= 1.75 m
Greutate proprie tigla= 0.5 KN/m2
Greutate proprie tabla= 0.05 KN/m2
Zapada= 1.6 KN/m2
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Incarcari pe pana model 1 -invelitoare tigla romana

Tip incarcari h[m] b[m] nr.bucl-] g[KN/m]
Greutate proprie astereala 0.025 - - 0.26
Greutate proprie capriori 0.2 0.05 7 0.18
Greutate proprie invelitoare 0.88
Total incarcari permanente 1.32
Zapada 2.80

Incarcari pe pana model 2 - invelitoare tigla metalica

Tip incarcatri h[m] b[m] nr.bucl-] g[KN/m]
Greutate proprie astereala 0.025 - - 0.26
Greutate proprie capriori 0.2 0.05 6 0.16
Greutate proprie invelitoare 0.09
Total incarcari permanente 0.51
Zapada 2.80

i. Pana 10x30 cm — Model 1 —Invelitoare Tigla romana

1. FLOOR-001

Simply supported beam

2. General description, assumptions, materials, loads

2.1. Construction type

Timkar floor, from timber C14

Eeam free span 4.000 m

Beam cross secticon BxH=100mm:c300mm
Lateral restrictions, Lo =0_10xL=0.400m

2.2. Design codes

EN1550:2002 Basis of structural design
EN1551-1-1:2002 Rctions on structures
EN1955-1-1:2005% Design of timber structures

2.3. Design methodology
The internal forces are computed at the ends and the middle span of the floor beam,
and the elastic deflections at midspan, for all the load conbinations,

gocording to EC 1 an EC 5. R11l the checks of Eurccode 5 are performed in

ultimste limit state, (ECE EM1%55-1-1:200%, %€). The deflecticns are checked in serviceabkility
limit state, according to ECE EN1555-1-1:200%, §7.2. The Eurocode 5 considerations

are taken into zccount for the check of beam vibratioms (ECE EN1535-1-1:200%, £7.3.3).
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2.4. Material properties (timber) {EC5 EN1535-1-1:200%, 53)
Timber class : Cl4
Service classes : Class 2, moisture content<=Z0% (ECE SZ.3.1.3]

Material factor +M=1_30 (ECS5 Tab. 2.3)
Characteristic material properties for timber

fmk = 14.0 MPa, ftOk = 7.2 MPa, ft30k= 0.4 MPa
folk= 1e.0 MPa, fe30k= 2.0 MPs, fvk 3.0 MPa
E0m = 7000 MPa, E0O5 = 4700 MPa, E530m = 230 MPa
Gm = 440 MP=a, gk = 2%0 Eg/m*, pm = 350 Hg/m*

PO DL DL DO PR DT T s

? 5. Line load (kN/m} on the floor beams [T T TT TOT T 1T TATAT T 1T 11T 1] &
Oead = 1.3404+0.103 =1_443 kN/m
Permanent load gk= 1.443 kN/m r i T
Live load gk= Z_.800 ki/m - I
2.6. Croas section characteristics of floor beams
Cross section BxH=100mmx300mm, 2=3_000x10  “mm®, I=2_250x10 “mm®, W=1_500x10 “mm’
beam =self weight { 10 Oroeree 3 0 Conrze [ 1.0 4 11 x(350x5_81/71000=0_103 kN/m]
2. Maximmm internal beam forces and deflections (L—4_ 000m)
ODead loads Gk= 1.443kM/m, maxV= 2_.85kN, maxM= 32_B5kNm, maxd= 3.3Zmm
Liwve loads Qk= 2Z_800kHN/m, maxV= L5_&0kN, maxM= 5_&0kNm, maxi= &.44mm
4, Serviceability limit state ECE EW1l353E-1-1:;200%, 8§2.2.3, 8§T)

Control of deflection in middle of beam apan (ECS 5§7.2)

Loading [k}, m] 1 [rm] Action ] ¥l e Fdei
| Gk} Dead Gk = 1.443 3.31¢ Permansnt 1.00 1.00 1.00 ©0.80
{QEE) Liwe Qk = 2 BO0 E_435 Medium-term 0.7T0 O.50 0.30 O.80

Load combination w.inst w.fin [mm]

1 Gk 3.31e E_5g3
2 Qkl &.435 7.37%

3 CkHIkl $.751 13.543

w.fin, g=w.inst,g{l+kdef), w_fin,g=w_inst, g(l+}2 -kdef] (ECk §2_2.3, Eg.2_.3, Eg.2.4)
Maximm deflection walues

w.inst = 5.751 mm, w.fin = 13.545 mm

Check according to ECE EN1555-1-1:2005 &%7.2, Tab.7.2

Final deflections

w.inst = 5.75]1 mm < L/300=4000/300= 13_.333 mm

w.net, fin = 13.545% mm <« L/250=4000,/250= 1&.000 mm

w.fin = 13.545% mm < L/1E0=4000/150= Z&_6ET mm

The check iz satisfied
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5. Ultimate limit state (ECS EN1995-1-1:2009, §6)
Loading [kH/m] Action g ¥g o
{ Gk) Dead Gk = 1.443 Fermanent 1.358 0.00 1.00
(Qkf) Live Qk = 2.800 Medium-term 0.00 1.50 0.70
L.C. Load combination Vad Mad Duration class kmod Vikmod M/Kmod
1 —_ % £56 3.85¢ Dermanent 1_&0 £.431  ¢.454
2 vg.Gk + yq.0kf 12.296 12.296 Medium-term 0.80  15.370 16.370
Maximuem valuss 15_370 15.370

Eﬂld combination 2, 9.6k + vwg.Qkf (Maximum values)

Shear, Fv=12_2%6 kN (ECE 8§6.1.7)

FEectangular cross section, bef=0.6Tx100=67 mm, h=300 mm, E= 20 100 mm*
Modification factor Emod=0_80 i{Tak.3.1), Material factor w=1_.30 (Tab. 2.3]
fvk=3_00 W/rm?, fvd=Fmod-fvk WM=0_A0x23_00/1_30=1_85N/mm® (EC: Eg.2.14)

Fv=12_.2%& kN, twild=1_50Fvld/Enetto=1000x1_50=12_ 2%6/20100=0.%2H/mm® < 1. B5H,/mm?=£v0d
The check is satisfied

Bending, Myd=12 296 kMm, Mzd=0.000 kNm (ECS 8E.1.8)
Rectangular cross secticm, b=100mm, h=300mm, A=3.00=10 fmd, Wy=1.50=10 “mm’, We=E.00x10 ‘mm®
Modification factor Emods=D,_ B0 (Tabk.3.1), Material factor yii=l .30 (Tab. 2.3

fmyk=14_00 M/rm® fapd=Emod -fmyk/d=0_80x14 _00/1.30=8_ 62N/ mm?
fmzk=14.00 N/mm®, fmzd=Fmod-fmzk/ M=0.E80x14.00/1.30=8. c2H,/ mm"

Rectangular cross “*:t'.i.?'n E==0.70 [ECE iE.l_.l‘E. (21
omydsiyd,/Wry, nettoml0 “x12. 296/ (1_5000%10 )= &.20 N/mm®
omzd=Mzd/Wrz, netto=10 °x0.000/(0.5000x10 %)= 0.00 M/mm®

omyd/ foryd+Fm. omzd/ fmzd=0. 551+0.000= .55 <« 1 {EC5 Eq.&.11)
Fm. cmydy Emyd+omzd / Emzd=0 . €66+0.000= 0,67 < 1 (ECE Eg.6.12)
The chesk i3 sacisfied

i. Pan&10x30 cm — Model 2 —Invelitoare Tigla metalica
1. FLOOR-DO1
Simply supported beam

2. General description, assumptions, materials, loads
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2_1. Construction type
Timbker floor, from timber
Beam free span 4_000 m

saection BxH=100mmx300mm

Le =0 10xL=0.400m

[

Eeam cross
Lateral restrictions,
2.2. Design codes
EN1550:2002 Basis of structural design
EN1551-1-1:2002 Rctions on structures

EN15535-1-1:200% Design of timber structures

2.3, Design methodology
Tha internal forces are computed at tha ends and the middle span of the floor baam,
and the alastic deflecticns at midspan, for all the load combinations,

according to EC 1 an EC 5.

(ECE EWN1386-1-1

All tha cheacks of Euroccode 5 are parformed in
2009, §&).

according to ECE EM1985-1-1:200%, §7.2.

ultimate limit state,

limit stata, Tha Eurocode 5 considerations

STUDIU
TEHNIC

The deflections are checked in serviceability

are taken into account for the check of beam vibrations (ECE ENLERE-1-1:200%, §7.3.3)
2.4, Material properties (timber) {EC5 EN1535-1-1:200%, £3)
Timber class Cl4
Service classes : Class 2, molisture content<=20% (EC: §2.3.1.3
Material factor w=1_.30 (EC5H Tab. 2.3)
Characteristic material properties for timber
fmk = 14.0 MPa, ftlk = 7.2 MPa, £t530k= 0.4 MPa
folk= le.0 MPa, foS0k= 2.0 MPe, £k = 3.0 MPa
EOm = 7000 MPa, E0O5 = 4700 MPa, ES0m = 230 MPa
Gm = 440 MPz, pk = 250 Eg/m*, pm = 350 Eg/m*®
DCUOROIL DD Lt O O O T D 1=
2 5. Line load (kN/m) on the Floor beams [T O O T s
Oead = 0.500+0.103 =0_€03 kN/m
Permanent load gk= 0.603 kN/m ras i i
Live load gk= 2_800 kN/m - I
Z.6. Cross section characteristics of floor beams
Cross section BxH=l00rmx300mm, &=3_000x10  “mm°, I=2.250=10 ‘mm®, W=1.500=10 “mm’
beam self weight { 10 Croeree 3 0 0oz [ 10 4 11 x(350x5.81/71000=0_.103 EN/m]
3. Maximum internal beam forces and deflectiona (L=4.000m)
ODead loads Gk= 0.&03kM/m, ma=V= 1_21kH, ma=M= 1_21kHm, maxdi= 1_35mm
Live loads Qk= 2Z2_B00kM/m, ma=V= &_&0kH, ma=M= &_&0kHm, maxd= &.44mm
4. Serviceshility limit state ECS EM15935-1-1:2003, $2.2.3, 87)
Control of deflection in middle of beam span (EC5 £7.2)
Loading [EX . m] @ [emm] Action i Pl 2 Fdef
Gk} Dead &k = 0.803 335 Permanent 1.00 l.00 1.00 O0.20
Qkf) Live gk = 2.800 €.435 Medium-—cerm 0.70 0.50 0.30 O.20
Load combination w.inst w.fin [mm]
1 Gk 1.38€ 2.454
2 Qkl &.435 7.57%
3 Ck+Ikl 7.821 10.474
w.fin,g=w.inst,g{l+kdef), w_fin,g=w.inat, gl(l+)2 -kdef] (ECE §2_.2.3, Eg.-2.3, Eg.2.4)
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Maximm deflection values
Ww.inst = 7T_821 mm, w.fin = 10.474 mm

Check according to EC5 EN1555-1-1:200% &7.Z, Tab.7.2
Final deflections

W.oinst = T.821 mm « L/300=4000/300= 13_.333 mm
w.net,fin = 10.474 mm < L/250=4000/250= 1&.000 mm
w.fin = 10.474 mm < LS150=4000/150= Z&_667 mm

The check iz satisfied

5. Ultimate limit atate ECE EN19%5-1-1:200%, §6
Loading [kH/m] hetion | ¥ o
[ Gk)] Dead Gk = 0.E03 Farmanent 1.3 o.00 1.00
(Qkf) Liwve Qk = Z.H00 Hedium-term 0. 00 1.50 0.7
_L.C. Load combination Ned Med Duraticn class kmod ViEmod  M/Fmod
1 vg -Gk 1.82B 1_628 Permanent 0. &0 2.714 Z2.714
. vg.ok + wag.Qkf 10.0Z8 10.02E Medium-term .80 1£.536 14.535
Mazmimum values 12.53% 12.535
Ii:‘l.d combination 2, vg. Gk + w3 .Qkf (Maximus valuas
Shear, Fv=10.028 kN {ECE E&.1.7)
Bectangular cross section, bef=0_67x100=67 mm, h=300 mm, 2= 20 100 mm®
Modification factor Fmod=0_80 (Tak.3.1), Material factor wM=1_30 (Tabk. 2_3)
fvk=3.00 H/mm?, fvd=Fmod- -fvk yM=0.80x3.00/1.30=1_05N/mm® (ECS Eg.Z2.14]
Fr=10.028 kW, tvid=1.50Fv0d/Anetto=1000=x1.50x10.028/20100=0.75N/mmm* < 1.85N/mm?®=£v0d
The check iz satisfied
Bending, Myd=10.026 kNm,K Mzd=0_.000 kMNm ECS S&.1.8
Bectangular cross section, b=100mm, h=300mm, A=3.00x10 ‘mm?, Wy=1.50x10 %mm?, We=S.00=10 Cmm?
Modification factor Fmod=D,K 20 (Tab.3.1), Matarial factor vii=] 30 iTab. 2.3

fmyk=14.00 M/mm®, fmypd=Emod-fmyk/24=0_80x14.00/1_30=E.62H/ /mm"
fmzk=14.00 N/mm®, fmzd=Fmod-fmzk/+4=0.50x14.00/1.30=8.62H/mm?

Rectengular cross section Fm=0.70 (ECE S&E.1.8.(21}
omyd=Mypd /Wy, neteo=i0 "xi0_ 028/ (1_5000x10 f1= 663 M/mm*
omzd=Mzd/Wmz, netto=10 °x0.000/(0_5000x10 %)= 0.00 H/mme

omyd/ Smyd4Fm. omzd/ frzd=0.776+0.000= 0.7E <« 1 (ECS Eq.6.11]
Em . owmyrd) fnypd+omed / Emede) _E543+0_000m 0 54 < 1 (ECE Eg.6£.12)
The check i3 satisfied

Pop:

in urma calculelor efectuate rezultd sectiunea popilor pe care reazema
panele intermediare de 10x10cm inh ambele modele de calcul.

Incarcarile la nivelul celui mai zvelt pop sunt urméatoarele:

Greutate wolumica lemn= 600 kg/m3
Greutate wlumica lemn= 6 KN/m3
Greutate proprie tigla= 0.5 KN/m2
Greutate proprie tabla= 0.05 KN/m2
Aria aferenta, pop= 3.41 m2
Lungime descarcare pana 2.1 m
L,capriori aferent,pop= 1.75 m
Zapada= 1.6 KN/m2
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Incarcari pe pana model 1 -invelitoare tigla romana

Tip incarcari h[m] b[m] nr.bucl-] N[KN] N GF[KN]
Greutate proprie astereala 0.025 - - 0.51
Greutate proprie pana 0.3 0.1 1 0.38
Greutate proprie capriori 0.2 0.05 4 0.42 12 25
Greutate proprie invelitoare 1.71
Total incarcari permanente 3.01
Zapada 5.46

Incarcari pe pana model 2 - invelitoare tigla metalica

Tip incarcari h[m] b[m] nr.bucl-] N[KN] N GF[KN]
Greutate proprie astereala 0.025 - - 0.51
Greutate proprie pana 0.3 0.1 1 0.38
Greutate proprie capriori 0.2 0.05 4 0.42 10.18
Greutate proprie invelitoare 0.17
Total incarcari permanente 1.48
Zapada 5.46

i.  Pop 10x10 cm — Model 1 —Invelitoare Tigla romana

1. 10cm

ULTIMATE LIMIT STATE, Stability
(EC5 EN13535-1-1:200%, &6.3.2)

Material properties (ECE EN15%55-1-1:-200%, %53)

Timber class : (Cl4

Service classes @ Class 2, molsture content<=20% (§2.3.1.3)
Material factor -~M=1.30 (ECS5 Tab. Z.3)

Load duraticon classe=s: Permansent Table 2.1]

Cross section properties

Bectangular cress section, b=100mm, h=100mm, E=1_00x10 fem?, Wy=1.87x10 “mm®, Wz=1.&7zl0 “mm”
Timber cross section reduction O0.0%, @R=0._00x10 Oom?, awWy=0.00xi0 “mm’, daWz=0_c0xlo “mm?
Effective cross section Bnetto=1.00xl0 4n'mz, Wy, netto=1_67x10 smjr Wz, netto=1_.67x10 “rez

Characteristic material properties for timber

Modification factor Emod=0.&0 {(EC5 Tabk._3.1)

Material factor ~M=1.30 (ECSH Tak. 2.3)

EQ0E5=4T700MPa

folk=16.00 N/mm®, fcOd=Emod-felk/M=0_&0xle 00,1.30=7_38N/mm® (EN13585-1-1, Eg.2.14)
foyk=14 .00 H/mm®, fmyd=Fmod-fmyk/ =0.60x14.00/1.30=6.4eH/mm?

fmzk=14.00 H/mm?, fmzd=Fmod-fmzk/=0.60x14.00/1.30=6.4eH/mm®
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Croas section loads
Fold=-12.250 kN

Column stability ECS EN1535-1-1:200%, §6.3.2)
Beccangular cross section Em=0.70 (ECE &E.1.&.(2))

cold=Fcld/Anecto=1000x12.250/10000= 1.23 M/ me="

Slenderness

iy=+ (IySRI=0.28%x 100= 2% mm, Ay=

iz=+ (Iz/R}=0_.285%x 100= 2% mm, hz=

Critical stresses

oo, ericy=on?E005/ hyt= .00 H/mm?, Arel, y= % (fedk/oc, ericyl= 1_.63 (EM1555-1-1, Eg.€.21)
go,critz=n'EQ0LE/ Az = E.00 H/mm®, hrel,z= % (felk/oc,critzl= 1.63 (EN1335-1-1, Egq.6.22)

Be=0.20 (solid timber)
Ekv=0_5[1+Ec{hrely-0_3)threlyd]=
kz=0_5[1+Ec{hrelz-0_3)tirel=2]=

Eoy=1/ kvt o ikyi-hrely®) )=0.327 (Eg.6.27 &.25)
Eoz=1/(k=z+ o ikzi-hrelz®) )=0.327 (Eg.6.28 &.2%)

57
(=21
geld/ (Ecoy -feld)= 0.51 < 1 (EN1355-1-1, Egq.&.23)
ocld/ (Eez -feld)= 0.51 <= 1 (EM1555-1-1, Eg.6.24)
The check iz satisfied

Percent of cross sectiomn used =51%

i. Pop 10x10 cm — Model 2 —Invelitoare Tigla metalica

1. 10cm

ULTIMATE LIMIT STATE, Stability
(ECS EM1555-1-1:2005, §6.3.2)

Material properties (EC5 ENW1555-1-1:-200%, £3)
Timker class : Cl4

Service classes : Class 2, molisture content<=2Z0% [(82.3.1.3)
Material factor M=1_30 (ECS5 Tab. 2_3)
Load duration classes: Permansnt [Table Z.1)

Cross section properties

Bectangular cross section, b=100mm, h=100mm, A=1.00=x10 :Tl.'.m£, Wiy=l.67Tx10 “rm . Wz=1l.eT=l0 e
Timber cross section reduction 0.0%, 4dRs=0.00x10 "I:n:‘zJ diy=0 _00x10 I'I:l.'.l':"‘, dlz=0.005%10 “mm?
Effeccive cross section BEnetco=l_00x10 ey , By neceo=1_£7x10 e ! , Wz netco=1_£7x10 S

97



GADO CONS CONSTRUCT S.R.L.

STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII INVELITORILOR DE TIP BRAMAC PRIN STUDIU
ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI TEHNIC
STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M
Characteristic material properties for timber
Modification factor Emod=0.&0 [(EC5 Tabk.3.1)
Matrarial fastar M=l 30 (ECE Tab. 2.3)
EQ05=4T00HEa
£clk=1€,.00 W/mm®, fcld=FKmod- £cOk/¥=0,60x1€.00/1.30=T . 380 /om?® {EWN1236-1-1, Eg.2.14)
fmyk=14_00 M/mm®, foyd=Emod - fmyk/24=0_60x14_00/1_30=£6_ 46N /mm®
fmzk=14.00 W/mm*, fmzd=Fmod - fmzk/ #=0.60x14.00/1.30=6. 4N /mm?
Cross section loads
Feod=-10.180 kN
Column stabhility (ECS EM1555-1-1:2005, §6_.3_Z2)
Fectangular cross section Fm—=0.70 (ECS &e6.l.&. (2}
oeld=Fcld/Anetto=1000x10.180/10000= 1.02 H/=m®
Euckling length
Sky= 1.00x2.550=2_ 580 m= ZE50 mm
Skz= 1.00=x2.E550=2.550 m= 2550 mm
Slenderness
iy=+ (Iy/R)=0_28%x 100= 2% mm,  Ay= 2550F 25= 87.33
iz=+ (Iz/AI=0.28%x 100= 2% mm, hz= 2550/ 23= 87.%3
Critical stressaes
o, erity=ntE00S/hyi= E_00 H/mm®, lrel y= o (febk/oe, erity)= 1.63 (EW1555-1-1, Eq &£.21)
oc, critz=o*E005/hel= £.00 W/mm?, Arel z= § ifedk/oc, eritzl= 1.62 (EN1%85-1-1, Eg.£.22)
Be=0.20 (solid timbaer)
ky=0.5[1+Be{Arely-0.3)+hrely®]l= 1.37, Hey=1/ (ky+ o (ky®-hrely®) }=0.327 (Eg.€.27 6.25)
kz=0_5[1+fecikrelz-0_3)+hrelz?]= 1.57, Kez=1/(k=zt Jflkzt-hrelzt) }=0_327 (Eq.&_ 28 £.2€)
celd/ (Fey -feldl= 0.42 <= 1 (EN19585-1-1, Eq.€.23)
oeld/ (Kez -foldl= 042 < 1 (EN198E=1=1, Eg.é.24)
The check iz satisfied
Percent of cross section used =431%
Pozitionare elemente sarpanta Model 1 — invelitoare tigla romana
" -&i— o o u-q—
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Sectiune 1-1

Clesti
2%2.5%15¢cm

d=75cm interax

Pana

10x15¢cm

Pana

10x10cm

Cosoroaba
10x10cm
” yra Capriori Capriori
4 5%15¢cm 5%15¢cm
~ d=75cm interax d=75cm interax
Sectiune 2-2

10100

KTucm P
ity 168

Pana
10x30cm

Cosoroaba
10x10cm

Capriori
5X20cm

d=60cm interax

Capriori
5X20cm

d=60cm interax
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Sectiune 3 - 3

Pana Pana
10x30cm

Cosoroaba
10x10cm

Cosoroaba
10x10cm

Capriori Capriori
5X20cm 5X20cm
d=60cm interax ~ d=60cm interax

Pana
10x10cm

Cosoroaba
10x10cm

1
[
[
[ 1
- P T
Capriori
ox20cm
d=60cm interax

Sectiune 4 - 4

Fana
10%15em

Fana

10x10cm /] Cfusﬁ%a b8
] 7] \?\ n10cm
Cosaroaba - = '
10x10cm Capriori H Capriod
A0x10em 5% 20cm | Caprion
Cosoroaba - d=60cm interax i w
10x10cm N d=G0cm interax
T
_"J' rd
Grinda ﬁ H = < E
1x40cm . . -
Sectiune 5-5
Pana
Pana 10x15cm
10x30cm

Cosoroaba
10x10cm

Cosoroaba - -
Capriori Capriori
10x10cm 5X20cm 5X20cm -
d=60cm interax d=60cm interax [T}
T
L 1A T
[ 1]

Vedere 3D sarpanta Model 1 —invelitoare tigla romana
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Vedere 3D sarpanta Model 1 — invelitoare tigla romana
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Vedere 3D sarpanta Model 1 — invelitoare tigla romana

Vedere 3D sarpanta Model 1 —invelitoare tigla romana
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Vedere 3D sarpanta Model 1 — invelitoare tigla romana

Pozitionare elemente sarpanta Model 2 — invelitoare tigla metalica
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Clesti
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Sectiune 7-7
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10%x10cm
Cosoroaba Pana
10x10cm 10x30cm
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10x30cm
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10x10cm

Capriori
9X20cm

d=70cm interax

Capriori
9X20cm
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Sectiune 8 - 8
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10x15¢m
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10x30cm
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10x10cm

Cosoroaba
10x10cm
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10?(?%?:m 9X20cm
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10x10cm =
[ 1]
L ., l%i
Capriori
5X20cm
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Sectiune 9-9

Pana
10x15¢m
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Vedere 3D sarpanta Model 2 — invelitoare tigla metalica

Vedere 3D sarpanta Model 2 — invelitoare tigla metalica
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Vedere 3D sarpanta Model 2 — invelitoare tigla metalica

Vedere 3D sarpantd Model 2 — invelitoare tigla metalica
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4. COMPARATII NUMERICE $I GRAFICE PENTRU CELE
DOUA MODELE

4.1. COMPARATII EFORTURI STALPI

Prezentarea comparativa tabelar si grafica a eforturilor din stalpi (forta axiala,
forta taietoare, moment incovoietor) din cele doua modele, pentru cele doua directii
ale cladirii:

e Directie X
TABLE: Element Forces - Columns
Model 1 tigla romana Model 2 tigla metalica Diferente procentuale
Story | Column |Output Case P V2 M3 P V2 M3 P V2 M3
kN kN kN-m kN kN kN-m [%] [%] [%]

Parter C1 GS SX++ -19.52 | 12.21 1960 | -16.05 | 1155 1850 | 17.76% | 5.43% | 5.61%
Parter Cc2 GS SX++ -15.43 | 14.55 2180 | -15.32 [ 13.79 20.70 | 0.72% [ 5.27% | 5.05%
Parter C3 GS SX++ -63.08 | 13.59 20.90 | -58.60 [ 12.88 1980 | 7.09% | 5.21% | 5.26%
Parter C4 GS SX++ -20.27 | 11.95 1940 | -20.23 | 11.30 1840 | 0.21% | 5.46% | 5.15%
Parter C5 GS SX++ -19.12 | 14.36 21.80 | -18.86 [ 13.60 20.60 | 1.36% [ 5.31% | 5.50%
Parter C6 GS SX++ | -110.38 [ 15.12 2250 | -107.23 | 14.33 21.40 | 2.86% [ 5.24% | 4.89%
Parter Cc7 GS SX++ -41.66 | 13.29 2130 | -37.33 [ 1254 20.10 | 10.39% [ 5.61% | 5.63%
Parter C8 GS SX++ -20.00 | 15.53 2340 | -19.64 [ 14.69 2220 | 1.81% [ 543% | 513%
Parter C9 GS SX++ -99.79 | 16.24 2420 | -94.51 [ 15.36 2290 [ 529% [ 5.38% [ 5.37%
Parter C10 GS SX++ -29.55 | 12.89 2010 | -29.76 | 12.18 19.00 | -0.68% | 547% | 547%
Parter Cil1 GS SX++ -83.28 | 14.57 21.70 | -80.74 [ 13.79 20.60 [ 3.05% [ 5.33% [ 5.07%
Parter Cl12 GS SX++ | -173.40( 13.49 21.00 | -166.60 | 12.68 19.80 | 3.92% | 5.96% | 5.71%
Parter Ci3 GS SX++ | -139.07 | 14.82 22.80 [-134.10( 13.95 2150 [ 3.57% [ 5.86% [ 5.70%
Parter Cl4 GS SX++ 6.81 10.23 17.10 6.09 9.68 16.20 | 10.45% | 5.41% | 5.26%
Parter Ci15 GS SX++ -27.82 | 10.69 17.60 | -26.48 | 10.08 16.60 | 4.83% | 5.72% | 5.68%
Parter Cl6 GS SX++ -95.23 | 14.34 2150 | -91.66 [ 13.58 2040 | 3.74% [ 5.26% | 5.12%
Parter C17 GS SX++ | -203.40 [ 15.94 2340 | -19597( 15.16 22.20 | 3.65% [ 491% | 513%
Parter C18 GS SX++ | -170.64 [ 16.25 24.20 | -165.05( 1541 23.00 | 3.28% [ 5.20% | 4.96%
Parter C19 GS SX++ | -143.20( 13.14 21.30 | -138.06 [ 12.30 20.00 | 3.59% [ 6.34% | 6.10%
Parter C20 GS SX++ | -137.89( 12.04 19.60 |-134.09| 11.25 1840 | 2.76% | 6.53% | 6.12%
Parter C21 GS SX++ | -112.46 ( 17.63 2480 |-110.39( 16.94 23.70 | 1.85% [ 3.91% | 4.44%
Parter C22 GS SX++ | -103.43 [ 11.56 18.80 | -101.90| 10.84 1770 | 1.47% | 6.24% | 5.85%
Parter C23 GS SX++ -30.50 | 12.19 19.00 | -25.583 | 11.53 18.00 | 16.31% | 5.42% | 5.26%
Parter C24 GS SX++ -12.69 | 13.01 1980 | -12.54 | 12.28 18.70 | 1.15% | 5.56% | 5.56%
Parter C25 GS SX++ -7.95 12.90 19.60 -8.01 12.21 18.60 | -0.73% | 5.36% | 5.10%
Parter C26 GS SX++ -59.80 | 11.69 18.50 | -51.09 | 11.04 17.40 | 1457% | 5.55% | 5.95%
Parter Cc27 GS SX++ -55.58 | 17.87 2480 | -55.26 [ 17.24 23.80 | 0.58% [ 3.53% | 4.03%
Parter C28 GS SX++ -43.18 | 10.10 16.90 | -39.37 9.59 16.10 | 8.82% | 5.00% | 4.73%
Parter C29 GS SX++ -39.13 | 12.13 1950 | -39.49 | 11.47 1840 | -091% | 544% | 5.64%
Parter C30 GS SX++ -74.33 | 14.05 2130 | -73.91 [ 1341 20.30 [ 0.56% [ 4.55% [ 4.69%
Parter C31 GS SX++ -82.64 | 19.43 26.70 | -82.06 [ 18.75 25.60 | 0.70% [ 3.51% | 4.12%
Parter C32 GS SX++ |-13291| 1797 2590 [-129.21 | 17.13 2470 [ 2.78% [ 4.68% [ 4.63%
Parter C33 GS SX++ -76.58 | 16.70 2470 | -7459 [ 15.94 2350 | 2.60% [ 4.58% | 4.86%
Parter C34 GS SX++ | -153.09 | 2.22 10.50 |-146.36| 1.55 9.40 4.40% [ 30.19% [ 10.48%
Parter C35 GS SX++ | -206.24 [ 20.08 27.60 | -195.36( 19.27 2640 | 527% [ 4.05% | 4.35%
Parter C36 GS SX++ | -122.64 [ 15.23 23.00 | -117.22 | 14.48 21.80 | 4.42% [ 4.92% | 5.22%
Parter C37 GS SX++ -54.44 | 14.89 22.00 | -53.87 | 14.12 20.90 | 1.04% [ 5.16% | 5.00%
Parter C42 GS SX++ -78.18 6.74 1440 | -75.92 6.08 13.30 | 2.89% | 9.79% | 7.64%
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e DirectieY
TABLE: Element Forces - Columns
Model 1 tigla romana Model 2 tigla metalica Diferente procentuale
Story [ Column [Output Case P V3 M2 P V3 M2 P V3 M2
kN kN kN-m kN kN kN-m [%] [%] [%]

Parter C1 GS SY++ -15.63 | 11.50 1790 | -12.35 | 10.80 16.80 | 20.95% | 6.08% | 6.15%

Parter C2 GS SY++ -13.92 4.79 12.10 -13.91 4.52 11.40 0.07% | 5.66% | 5.79%

Parter C3 GS SY++ -59.34 | 16.10 23.60 | -55.11 [ 15.23 2230 | 7.13% [ 5.40% | 551%

Parter C4 GS SY++ -34.87 | 11.78 18.20 | -34.00 | 11.00 17.00 | 2.48% | 6.61% | 6.59%

Parter C5 GS SY++ -16.04 4.25 11.00 | -15.94 4.00 1040 | 0.61% | 5.78% | 5.45%

Parter C6 GS SY++ |-126.16 | 13.08 20.70 [-122.15( 12.19 19.40 | 3.18% | 6.85% | 6.28%

Parter C7 GS SY++ -53.27 | 12.39 19.00 | -48.39 | 11.72 1790 | 9.16% | 5.36% | 5.79%

Parter C8 GS SY++ -16.98 5.07 12.60 | -16.75 4.79 11.80 1.34% | 552% | 6.35%

Parter C9 GS Sy++ | -106.27 [ 20.00 2750 | -100.59 | 19.22 26.30 | 5.35% [ 3.89% | 4.36%

Parter C10 GS SY++ -27.11 14.43 22.00 -27.46 13.65 20.80 | -1.26% [ 5.41% | 5.45%

Parter Cl1 GS SY++ -74.24 | 14.06 2180 | -72.18 [ 13.29 20.60 | 2.77% [ 5.49% | 550%

Parter C12 GSSY++ | -171.34( 12.12 19.90 | -164.65| 11.26 18.60 | 3.90% | 7.04% | 6.53%

Parter C13 GS SY++ | -132.76 [ 20.24 2770 |-128.12 [ 19.52 26.60 | 3.50% [ 3.56% | 3.97%

Parter Cl4 GS SY++ 14.40 13.04 20.90 13.27 12.31 19.70 | 7.88% | 5.60% | 5.74%

Parter C15 GS SY++ -10.02 | 11.40 19.30 -9.64 10.74 18.20 | 3.85% | 5.78% | 5.70%

Parter Cl6 GS SY++ -87.70 | 15.37 2330 | -84.60 [ 14.51 22.00 | 3.54% [ 5.58% | 5.58%

Parter Cl7 GS SY++ | -214.68 [ 11.41 19.50 | -206.65| 10.55 18.20 | 3.74% | 7.56% | 6.67%

Parter C18 GS SY++ | -172.05 [ 22.37 30.00 | -166.37 [ 21.64 28.80 | 3.30% [ 3.24% | 4.00%

Parter C19 GS SY++ | -146.20 | 16.51 2450 |-140.89 [ 15.72 23.30 [ 3.63% [ 4.80% [ 4.90%

Parter C20 GS SY++ | -142.63 [ 16.21 24.20 | -138.56 | 15.33 22.90 | 2.85% [ 5.42% | 537%

Parter C21 GSSY++ |-110.89| 17.15 25.10 [-108.87 [ 16.25 23.80 1.82% | 5.26% | 5.18%

Parter C22 GS Sy++ | -101.23 [ 15.81 23.80 | -99.97 [ 14.97 22.60 | 1.24% [ 5.29% | 5.04%

Parter C23 GS SY++ -23.88 11.72 19.80 | -19.12 11.02 18.70 | 19.90% | 5.97% | 5.56%

Parter C24 GS SY++ -9.48 4.62 12.80 -9.51 4.36 12.10 | -0.27% | 5.66% | 547%

Parter C25 GS SY++ -8.40 4.69 13.00 -8.45 4.43 12.20 | -0.63% | 5.58% | 6.15%

Parter C26 GS SY++ -41.29 | 12.32 20.70 | -33.35 | 1161 19.50 | 19.22% | 5.73% | 5.80%

Parter Cc27 GS SY++ -53.60 16.08 24.20 | -53.56 15.25 23.00 | 0.08% [ 5.17% | 4.96%

Parter C28 GS SY++ -27.10 | 10.83 19.30 | -24.15 | 10.19 18.30 | 10.87% | 5.89% | 5.18%

Parter C29 GS SY++ -44.27 17.36 25.50 -44.31 16.46 24.20 | -0.10% [ 5.16% | 5.10%

Parter C30 GS SY++ -75.56 | 13.97 2230 | -75.10 [ 13.18 21.10 | 0.61% [ 5.66% | 5.38%

Parter C31 GS SY++ -86.46 | 15.95 2410 | -85.67 [ 15.09 22.80 | 0.92% [ 5.42% | 5.39%

Parter C32 GS SY++ | -140.82  16.42 24.60 | -136.70( 15.63 2340 | 2.93% [ 4.83% | 4.88%

Parter C33 GS SY++ -77.87 | 16.67 2490 | -75.82 [ 15.89 23.70 | 2.64% [ 4.71% | 4.82%

Parter C34 GS SY++ [-159.92 | 16.00 24.00 | -152.84( 15.13 22.70 4.43% | 5.46% | 5.42%

Parter C35 GS Sy++ | -210.76 [ 16.91 2510 | -199.70( 16.04 23.80 | 525% [ 5.12% | 5.18%

Parter C36 GS Sy++ [-116.87| 17.00 2530 | -111.73 | 16.16 24.00 | 4.40% [ 4.95% | 5.14%

Parter C37 GS SY++ -73.64 | 14.35 2220 | -72.01 [ 13.56 20.90 | 2.22% [ 551% | 5.86%

Parter C42 GS SX++ -82.88 17.62 2540 | -80.36 16.72 2410 | 3.04% [ 5.08% [ 5.12%

Comparatie forte axiale stalpi la baza parterului - directie Y
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Comparatie forte taietoare stalpi la baza parterului - directie Y
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4.2. COMPARATII EFORTURI GRINZI

Prezentarea comparativa tabelar si grafica a eforturilor din grinzi (forta
taietoare, moment incovoietor) din cele doua modele:

TABLE: Element Forces - Beams
Model 1 tigla Model 2_tig|a Diferente procentuale
romana metalica
Station V2 M3 V2 M3 V2 M3
Story | meam | Yol | Guent | St
m kN kN-m kN kN-m [%] [%]

Parter B1 37 ENVE Max 0.15 -4.93 -0.60 -5.07 -0.80 2.7% 33.3%
Parter B1 37 ENVE Max 0.62 -3.69 1.50 -3.83 1.30 3.6% 13.3%
Parter B1 37 ENVE Max 1.10 -2.45 2.90 -2.59 2.80 5.4% 3.4%
Parter B1 37 ENVE Max 1.57 -1.21 3.80 -1.34 3.70 11.0% 2.6%
Parter B1 37 ENVE Max 2.04 0.03 4.40 -0.10 4.50 454.4% 2.2%
Parter B1 37 ENVE Max 251 1.27 5.80 1.14 5.80 10.5% 0.0%
Parter B1 37 ENVE Max 2.99 251 6.50 2.38 6.40 5.3% 1.5%
Parter B1 37 ENVE Max 3.46 3.75 7.50 3.62 7.30 3.6% 2.7%
Parter B1 37 ENVE Max 3.93 4.99 8.00 4.86 7.70 2.7% 3.8%
Parter B1 37 ENVE Max 4.40 6.23 7.90 6.10 7.50 2.1% 5.1%
Parter B1 37 ENVE Max 4.88 7.47 7.20 7.34 6.70 1.8% 6.9%
Parter B1 37 ENVE Max 5.35 8.71 5.90 8.58 5.40 1.5% 8.5%
Parter B2 38 ENVE Max 0.15 7.33 14.00 6.80 13.20 7.3% 5.7%
Parter B2 38 ENVE Max 0.65 8.64 10.00 8.11 9.50 6.2% 5.0%
Parter B2 38 ENVE Max 1.15 9.95 5.40 9.42 5.10 5.3% 5.6%
Parter B2 38 ENVE Max 1.65 11.26 1.50 10.73 1.40 4.7% 6.7%
Parter B2 38 ENVE Max 2.15 12.58 5.50 12.05 5.20 4.2% 5.5%
Parter B2 38 ENVE Max 2.65 13.89 8.80 13.36 8.30 3.8% 5.7%
Parter B3 39 ENVE Max 0.15 1.29 5.10 1.08 4.80 16.8% 5.9%
Parter B3 39 ENVE Max 0.65 2.61 4.10 2.39 3.90 8.3% 4.9%
Parter B3 39 ENVE Max 1.15 3.92 2.50 3.70 2.40 5.5% 4.0%
Parter B3 39 ENVE Max 1.65 5.23 1.90 5.01 1.80 4.2% 5.3%
Parter B3 39 ENVE Max 2.15 6.54 4.20 6.33 4.10 3.3% 2.4%
Parter B3 39 ENVE Max 2.65 7.86 6.00 7.64 5.70 2.8% 5.0%
Parter B4 50 ENVE Max 0.15 -40.74 | -28.80 | -40.88 | -29.10 0.3% 1.0%
Parter B4 50 ENVE Max 0.58 -34.38 | -12.80 | -34.52 | -13.00 0.4% 1.6%
Parter B4 50 ENVE Max 1.00 -28.41 0.50 -28.55 0.40 0.5% 20.0%
Parter B4 50 ENVE Max 1.00 -24.91 0.60 -25.05 0.50 0.6% 16.7%
Parter B4 50 ENVE Max 1.50 -18.58 | 12.70 | -18.73 | 12.80 0.8% 0.8%
Parter B4 50 ENVE Max 2.00 -12.26 | 26.40 | -12.40 | 26.40 1.2% 0.0%
Parter B4 50 ENVE Max 2.50 -5.93 35.80 -6.08 35.80 2.4% 0.0%
Parter B4 50 ENVE Max 3.00 0.39 40.90 0.25 40.90 36.6% 0.0%
Parter B4 50 ENVE Max 3.00 4.96 40.70 4.82 40.70 2.8% 0.0%
Parter B4 50 ENVE Max 3.47 11.79 37.50 11.84 37.50 0.4% 0.0%
Parter B4 50 ENVE Max 3.94 23.78 29.20 23.83 29.20 0.2% 0.0%
Parter B4 50 ENVE Max 4.41 37.41 16.70 37.46 16.30 0.1% 2.4%
Parter B4 50 ENVE Max 4.88 50.19 4.10 50.24 3.60 0.1% 12.2%
Parter B4 50 ENVE Max 5.35 60.38 | -12.10 | 60.43 | -12.70 0.1% 5.0%
Parter B5 41 ENVE Max 0.15 6.91 13.30 6.67 13.00 3.5% 2.3%
Parter B5 41 ENVE Max 0.65 8.22 9.50 7.98 9.30 3.0% 2.1%
Parter B5 41 ENVE Max 1.15 9.53 5.10 9.29 5.00 2.5% 2.0%
Parter B5 41 ENVE Max 1.65 10.85 1.40 10.60 1.40 2.2% 0.0%
Parter B5 41 ENVE Max 2.15 12.16 5.20 11.92 5.10 2.0% 1.9%
Parter B5 41 ENVE Max 2.65 13.47 8.40 13.23 8.20 1.8% 2.4%
Parter B6 42 ENVE Max 0.15 1.32 5.00 1.07 4.80 18.5% 4.0%
Parter B6 42 ENVE Max 0.65 2.63 4.00 2.39 3.90 9.3% 2.5%
Parter B6 42 ENVE Max 1.15 3.94 2.40 3.70 2.40 6.2% 0.0%
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Parter B6 42 ENVE Max 1.65 5.25 2.20 5.01 2.10 4.6% 4.5%
Parter B6 42 ENVE Max 2.15 6.57 4.80 6.32 4.50 3.7% 6.3%
Parter B6 42 ENVE Max 2.65 7.88 6.70 7.63 6.30 3.1% 6.0%
Parter B7 43 ENVE Max 0.15 9.83 11.10 9.02 10.50 8.3% 5.4%
Parter B7 43 ENVE Max 0.58 13.67 6.20 12.86 5.90 6.0% 4.8%
Parter B7 43 ENVE Max 1.00 18.70 0.30 17.89 0.30 4.4% 0.0%
Parter B7 43 ENVE Max 1.43 23.73 3.30 22.92 3.00 3.4% 9.1%
Parter B7 43 ENVE Max 1.85 27.58 4.40 26.76 3.70 3.0% 15.9%
Parter B8 44 ENVE Max 0.15 20.43 14.30 19.27 13.50 5.7% 5.6%
Parter B8 44 ENVE Max 0.58 21.57 5.20 20.41 4.90 5.4% 5.8%
Parter B8 44 ENVE Max 1.02 22.71 1.10 21.55 1.00 5.1% 9.1%
Parter B8 44 ENVE Max 1.45 23.84 6.60 22.68 6.10 4.9% 7.6%
Parter B9 45 ENVE Max 0.15 5.56 11.70 5.09 11.10 8.3% 5.1%
Parter B9 45 ENVE Max 0.65 6.87 8.60 6.41 8.20 6.7% 4.7%
Parter B9 45 ENVE Max 1.15 8.18 4.90 7.72 4.70 5.7% 4.1%
Parter B9 45 ENVE Max 1.65 9.49 1.10 9.03 1.10 4.9% 0.0%
Parter B9 45 ENVE Max 2.15 10.80 4.40 10.34 4.20 4.3% 4.5%
Parter B9 45 ENVE Max 2.65 12.12 7.00 11.65 6.60 3.8% 5.7%
Parter B10 46 ENVE Max 0.15 2.86 5.70 2.75 5.40 4.0% 5.3%
Parter B10 46 ENVE Max 0.65 4.18 3.90 4.06 3.70 2.7% 5.1%
Parter B10 46 ENVE Max 1.15 5.49 1.50 5.38 1.50 2.1% 0.0%
Parter B10 46 ENVE Max 1.65 6.80 3.20 6.69 3.30 1.7% 3.0%
Parter B10 46 ENVE Max 2.15 8.11 6.00 8.00 6.00 1.4% 0.0%
Parter B10 46 ENVE Max 2.65 9.43 8.00 9.31 8.00 1.2% 0.0%
Parter B11 47 ENVE Max 0.15 4.57 11.20 3.59 10.40 21.4% 7.1%
Parter Bl11 47 ENVE Max 0.58 11.10 7.80 10.12 7.50 8.8% 3.8%
Parter Bl11 47 ENVE Max 1.02 18.86 4.20 17.89 4.10 5.2% 2.4%
Parter B11 47 ENVE Max 1.45 27.20 11.20 26.22 10.60 3.6% 5.4%
Parter B12 48 ENVE Max 0.15 13.50 8.00 12.87 7.60 4.7% 5.0%
Parter B12 48 ENVE Max 0.58 21.84 0.40 21.20 0.20 2.9% 50.0%
Parter B12 48 ENVE Max 1.02 29.60 -4.40 28.97 -4.60 2.1% 4.5%
Parter B12 48 ENVE Max 1.45 36.13 -7.10 35.50 -7.70 1.8% 8.5%
Parter B13 49 ENVE Max 0.15 4.86 13.60 4.29 13.10 11.6% 3.7%
Parter B13 49 ENVE Max 0.58 9.97 10.50 9.41 10.20 5.7% 2.9%
Parter B13 49 ENVE Max 1.00 16.28 5.00 15.71 4.90 3.5% 2.0%
Parter B13 49 ENVE Max 1.43 22.58 4.40 22.02 4.20 2.5% 4.5%
Parter B13 49 ENVE Max 1.85 27.70 5.10 27.14 4.60 2.0% 9.8%
Parter B15 51 ENVE Max 0.15 8.00 6.60 7.48 6.20 6.5% 6.1%
Parter B15 51 ENVE Max 0.58 9.09 2.90 8.56 2.70 5.8% 6.9%
Parter B15 51 ENVE Max 1.02 10.17 2.00 9.65 1.90 5.1% 5.0%
Parter B15 51 ENVE Max 1.45 11.25 5.90 10.73 5.60 4.6% 5.1%
Parter B16 52 ENVE Max 0.15 8.34 7.80 7.83 7.40 6.1% 5.1%
Parter B16 52 ENVE Max 0.54 9.32 4.40 8.80 4.10 5.5% 6.8%
Parter B16 52 ENVE Max 0.93 10.29 0.50 9.78 0.50 5.0% 0.0%
Parter B16 52 ENVE Max 1.32 11.26 3.00 10.75 2.80 4.5% 6.7%
Parter B16 52 ENVE Max 1.71 12.24 5.90 11.73 5.50 4.2% 6.8%
Parter B19 55 ENVE Max 0.15 -49.98 | -40.30 | -50.19 | -40.70 0.4% 1.0%
Parter B19 55 ENVE Max 0.62 -46.79 | -17.30 | -47.00 | -17.60 0.5% 1.7%
Parter B19 55 ENVE Max 1.10 -40.66 3.50 -40.87 3.20 0.5% 8.6%
Parter B19 55 ENVE Max 1.57 -31.58 32.50 -31.80 32.50 0.7% 0.0%
Parter B19 55 ENVE Max 2.04 -19.57 57.20 -19.78 57.20 1.1% 0.0%
Parter B19 55 ENVE Max 251 -6.03 70.90 -6.24 70.90 3.5% 0.0%
Parter B19 55 ENVE Max 2.99 7.52 73.20 7.31 73.20 2.8% 0.0%
Parter B19 55 ENVE Max 3.46 31.56 64.00 31.52 64.00 0.1% 0.0%
Parter B19 55 ENVE Max 3.93 53.01 43.80 52.97 43.80 0.1% 0.0%
Parter B19 55 ENVE Max 4.40 69.12 15.80 69.09 15.40 0.0% 2.5%
Parter B19 55 ENVE Max 4.88 79.89 -2.40 79.85 -2.90 0.0% 20.8%
Parter B19 55 ENVE Max 5.35 85.31 -22.80 85.28 -23.40 0.0% 2.6%
Parter B20 56 ENVE Max 0.15 -22.68 -7.90 -22.89 -8.30 0.9% 5.1%
Parter B20 56 ENVE Max 0.64 -18.17 2.10 -18.38 1.80 1.1% 14.3%
Parter B20 56 ENVE Max 1.13 -12.10 9.60 -12.31 9.40 1.7% 2.1%
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Parter B20 56 ENVE Max 1.61 -4.46 19.40 -4.67 19.40 4.6% 0.0%
Parter B20 56 ENVE Max 2.10 4.74 22.90 4.53 22.90 4.4% 0.0%
Parter B20 56 ENVE Max 2.59 15.83 18.80 15.84 18.80 0.1% 0.0%
Parter B20 56 ENVE Max 3.08 28.19 9.40 28.20 9.20 0.1% 2.1%
Parter B20 56 ENVE Max 3.56 37.70 1.60 37.72 1.30 0.0% 18.8%
Parter B20 56 ENVE Max 4.05 44.38 -8.80 44.39 -9.20 0.0% 4.5%
Parter B21 57 ENVE Max 0.15 15.05 13.50 14.38 12.90 4.5% 4.4%
Parter B21 57 ENVE Max 0.58 17.76 6.60 17.09 6.30 3.8% 4.5%
Parter B21 57 ENVE Max 1.00 22.07 -1.90 21.40 -1.90 3.0% 0.0%
Parter B21 57 ENVE Max 1.43 26.38 -1.40 25.71 -1.80 2.5% 28.6%
Parter B21 57 ENVE Max 1.85 29.09 -1.90 28.42 -2.50 2.3% 31.6%
Parter B22 136 ENVE Max 0.15 -35.19 | -25.70 | -35.40 | -26.10 0.6% 1.6%
Parter B22 136 ENVE Max 0.58 -32.49 | -11.20 | -32.71 | -11.60 0.7% 3.6%
Parter B22 136 ENVE Max 1.00 -28.99 1.90 -29.21 1.60 0.7% 15.8%
Parter B22 136 ENVE Max 1.00 -25.00 1.80 -25.22 1.50 0.9% 16.7%
Parter B22 136 ENVE Max 1.50 -20.06 17.00 -20.27 17.00 1.1% 0.0%
Parter B22 136 ENVE Max 2.00 -13.47 35.10 -13.68 35.10 1.6% 0.0%
Parter B22 136 ENVE Max 2.50 -5.76 46.70 -5.97 46.70 3.7% 0.0%
Parter B22 136 ENVE Max 3.00 1.98 51.50 1.77 51.50 10.8% 0.0%
Parter B22 136 ENVE Max 3.00 6.55 51.60 6.33 51.60 3.4% 0.0%
Parter B22 136 ENVE Max 3.47 18.42 46.40 18.40 46.40 0.1% 0.0%
Parter B22 136 ENVE Max 3.94 33.52 34.20 33.50 34.20 0.1% 0.0%
Parter B22 136 ENVE Max 4.41 47.61 16.50 47.60 16.10 0.0% 2.4%
Parter B22 136 ENVE Max 4.88 58.23 4.00 58.21 3.50 0.0% 12.5%
Parter B22 136 ENVE Max 5.35 63.60 -10.60 63.58 -11.20 0.0% 5.7%
Parter B23 59 ENVE Max 0.15 -26.62 | -10.70 | -26.77 | -11.00 0.5% 2.8%
Parter B23 59 ENVE Max 0.64 -23.29 1.60 -23.44 1.40 0.6% 12.5%
Parter B23 59 ENVE Max 1.13 -16.82 14.70 -16.97 14.70 0.9% 0.0%
Parter B23 59 ENVE Max 1.61 -7.23 28.90 -7.37 28.90 2.0% 0.0%
Parter B23 59 ENVE Max 2.10 4.68 33.50 4.53 33.50 3.1% 0.0%
Parter B23 59 ENVE Max 2.59 22.51 27.60 22.50 27.60 0.0% 0.0%
Parter B23 59 ENVE Max 3.08 39.55 12.30 39.55 12.30 0.0% 0.0%
Parter B23 59 ENVE Max 3.56 50.92 0.70 50.91 0.50 0.0% 28.6%
Parter B23 59 ENVE Max 4.05 56.59 -12.20 56.59 -12.60 0.0% 3.3%
Parter B24 60 ENVE Max 0.15 -3.50 9.70 -3.95 9.00 12.9% 7.2%
Parter B24 60 ENVE Max 0.63 -0.21 10.80 -0.66 10.20 218.0% 5.6%
Parter B24 60 ENVE Max 1.12 6.12 9.40 5.67 9.10 7.4% 3.2%
Parter B24 60 ENVE Max 1.60 14.43 5.50 13.97 5.50 3.1% 0.0%
Parter B24 60 ENVE Max 2.08 24.35 1.00 24.39 0.80 0.2% 20.0%
Parter B24 60 ENVE Max 2.57 35.46 -2.90 35.50 -3.40 0.1% 17.2%
Parter B24 60 ENVE Max 3.05 41.07 -9.20 41.11 -9.90 0.1% 7.6%
Parter B25 61 ENVE Max 0.15 -2.82 1.00 -2.90 0.80 3.1% 20.0%
Parter B25 61 ENVE Max 0.61 -1.66 2.00 -1.75 1.90 5.2% 5.0%
Parter B25 61 ENVE Max 1.08 -0.50 2.50 -0.59 2.40 17.0% 4.0%
Parter B25 61 ENVE Max 1.54 0.65 2.50 0.57 2.50 13.2% 0.0%
Parter B25 61 ENVE Max 2.00 1.81 2.50 1.72 2.50 4.8% 0.0%
Parter B25 61 ENVE Max 2.46 2.96 2.30 2.88 2.20 2.9% 4.3%
Parter B25 61 ENVE Max 2.93 4.12 2.30 4.03 2.20 2.1% 4.3%
Parter B25 61 ENVE Max 3.39 5.27 1.70 5.19 1.60 1.6% 5.9%
Parter B25 61 ENVE Max 3.85 6.43 0.60 6.34 0.40 1.3% 33.3%
Parter B27 63 ENVE Max 0.15 -32.18 | -24.30 | -32.35 | -24.70 0.5% 1.6%
Parter B27 63 ENVE Max 0.63 -28.70 -9.60 -28.87 -9.90 0.6% 3.1%
Parter B27 63 ENVE Max 1.11 -23.69 3.10 -23.86 2.80 0.7% 9.7%
Parter B27 63 ENVE Max 1.60 -17.15 17.40 -17.31 17.40 1.0% 0.0%
Parter B27 63 ENVE Max 2.08 -9.83 30.40 -9.99 30.40 1.7% 0.0%
Parter B27 63 ENVE Max 2.56 -2.51 37.50 -2.68 37.50 6.5% 0.0%
Parter B27 63 ENVE Max 3.04 4.81 38.70 4.64 38.70 3.4% 0.0%
Parter B27 63 ENVE Max 3.52 15.83 34.00 15.83 34.00 0.0% 0.0%
Parter B27 63 ENVE Max 4.00 28.08 23.50 28.07 23.50 0.0% 0.0%
Parter B27 63 ENVE Max 4.49 38.91 9.40 38.90 9.20 0.0% 2.1%
Parter B27 63 ENVE Max 4.97 46.96 -1.80 46.96 -2.20 0.0% 22.2%
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Parter B27 63 ENVE Max 5.45 52.24 -15.10 52.23 -15.50 0.0% 2.6%
Parter B29 65 ENVE Max 0.15 3.63 4.30 3.30 4.00 9.1% 7.0%
Parter B29 65 ENVE Max 0.54 4.60 2.70 4.27 2.50 7.2% 7.4%
Parter B29 65 ENVE Max 0.93 5.58 0.70 5.25 0.70 5.9% 0.0%
Parter B29 65 ENVE Max 1.32 6.55 1.90 6.22 1.80 5.0% 5.3%
Parter B29 65 ENVE Max 1.71 7.52 3.60 7.20 3.40 4.4% 5.6%
Parter B30 66 ENVE Max 0.15 2.42 3.00 2.18 2.90 10.2% 3.3%
Parter B30 66 ENVE Max 0.55 3.41 1.90 3.16 1.80 7.2% 5.3%
Parter B30 66 ENVE Max 0.94 4.40 0.40 4.15 0.40 5.6% 0.0%
Parter B30 66 ENVE Max 1.34 5.39 1.90 5.14 1.80 4.6% 5.3%
Parter B30 66 ENVE Max 1.73 6.37 3.00 6.13 2.90 3.9% 3.3%
Parter B31 67 ENVE Max 0.15 3.53 3.40 3.27 3.20 7.4% 5.9%
Parter B31 67 ENVE Max 0.54 4.50 1.80 4.24 1.80 5.8% 0.0%
Parter B31 67 ENVE Max 0.93 5.48 0.70 5.22 0.70 4.8% 0.0%
Parter B31 67 ENVE Max 1.32 6.45 2.70 6.19 2.60 4.0% 3.7%
Parter B31 67 ENVE Max 1.71 7.43 4.40 7.17 4.10 3.5% 6.8%
Parter B32 68 ENVE Max 0.15 4.54 11.90 3.48 11.10 23.4% 6.7%
Parter B32 68 ENVE Max 0.58 12.12 8.40 11.05 8.00 8.8% 4.8%
Parter B32 68 ENVE Max 1.02 21.86 4.20 20.79 4.20 4.9% 0.0%
Parter B32 68 ENVE Max 1.45 31.91 8.90 30.84 8.40 3.3% 5.6%
Parter B33 69 ENVE Max 0.15 7.59 6.20 6.88 5.70 9.3% 8.1%
Parter B33 69 ENVE Max 0.58 12.87 1.80 12.17 1.70 5.5% 5.6%
Parter B33 69 ENVE Max 1.02 17.84 3.50 17.14 3.30 3.9% 5.7%
Parter B33 69 ENVE Max 1.45 20.65 8.40 19.95 7.90 3.4% 6.0%
Parter B34 70 ENVE Max 0.15 -16.53 -5.30 -16.82 -5.80 1.8% 9.4%
Parter B34 70 ENVE Max 0.61 -13.45 1.80 -13.74 1.30 2.2% 27.8%
Parter B34 70 ENVE Max 1.08 -7.79 6.70 -8.08 6.50 3.7% 3.0%
Parter B34 70 ENVE Max 1.54 -0.61 10.90 -0.90 10.90 48.1% 0.0%
Parter B34 70 ENVE Max 2.00 7.98 12.40 7.69 12.40 3.7% 0.0%
Parter B34 70 ENVE Max 2.46 19.88 6.60 19.86 6.60 0.1% 0.0%
Parter B34 70 ENVE Max 2.93 32.56 1.80 32.55 1.50 0.0% 16.7%
Parter B34 70 ENVE Max 3.39 42.47 -5.70 42.46 -6.10 0.0% 7.0%
Parter B34 70 ENVE Max 3.85 47.72 -15.20 47.71 -15.70 0.0% 3.3%
Parter B35 71 ENVE Max 0.15 -20.33 -5.80 -20.58 -6.20 1.2% 6.9%
Parter B35 71 ENVE Max 0.61 -15.40 2.50 -15.64 2.20 1.6% 12.0%
Parter B35 71 ENVE Max 1.08 -9.06 8.20 -9.30 8.00 2.7% 2.4%
Parter B35 71 ENVE Max 1.54 -1.31 13.30 -1.55 13.30 18.7% 0.0%
Parter B35 71 ENVE Max 2.00 7.85 15.20 7.61 15.20 3.1% 0.0%
Parter B35 71 ENVE Max 2.46 18.45 10.00 18.44 10.00 0.0% 0.0%
Parter B35 71 ENVE Max 2.93 30.76 4.60 30.76 4.40 0.0% 4.3%
Parter B35 71 ENVE Max 3.39 40.52 -3.20 40.51 -3.50 0.0% 9.4%
Parter B35 71 ENVE Max 3.85 47.71 -13.60 47.71 -14.00 0.0% 2.9%
Parter B36 72 ENVE Max 0.15 -5.80 4.20 -6.18 3.80 6.6% 9.5%
Parter B36 72 ENVE Max 0.54 -3.36 6.00 -3.74 5.80 11.4% 3.3%
Parter B36 72 ENVE Max 0.94 0.64 7.90 0.26 7.90 59.4% 0.0%
Parter B36 72 ENVE Max 1.33 4.74 11.20 4.36 11.10 8.1% 0.9%
Parter B36 72 ENVE Max 1.33 17.28 11.50 17.12 11.50 1.0% 0.0%
Parter B36 72 ENVE Max 1.67 23.49 6.40 23.52 6.20 0.2% 3.1%
Parter B36 72 ENVE Max 2.01 31.73 3.60 31.76 3.30 0.1% 8.3%
Parter B36 72 ENVE Max 2.35 40.62 -0.90 40.65 -1.30 0.1% 44.4%
Parter B37 73 ENVE Max 0.15 -18.46 -0.40 -18.85 -0.80 2.1% 100.0%
Parter B37 73 ENVE Max 0.60 -10.68 6.30 -11.07 6.00 3.6% 4.8%
Parter B37 73 ENVE Max 1.05 -1.57 11.90 -1.96 11.80 24.8% 0.8%
Parter B37 73 ENVE Max 1.50 8.07 16.40 7.68 16.50 4.8% 0.6%
Parter B37 73 ENVE Max 1.95 16.37 13.70 15.99 13.70 2.4% 0.0%
Parter B37 73 ENVE Max 2.40 23.01 12.80 22.95 12.50 0.3% 2.3%
Parter B37 73 ENVE Max 2.85 28.05 10.30 27.99 9.80 0.2% 4.9%
Parter B38 74 ENVE Max 0.15 -38.88 | -26.90 | -39.02 | -27.20 0.4% 1.1%
Parter B38 74 ENVE Max 0.63 -33.72 -9.30 -33.85 -9.60 0.4% 3.2%
Parter B38 74 ENVE Max 1.11 -27.02 5.40 -27.16 5.10 0.5% 5.6%
Parter B38 74 ENVE Max 1.60 -18.82 20.40 -18.96 20.40 0.7% 0.0%
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Parter B38 74 ENVE Max 2.08 -10.13 33.90 -10.27 33.90 1.4% 0.0%
Parter B38 74 ENVE Max 2.56 -1.45 40.70 -1.58 40.70 9.5% 0.0%
Parter B38 74 ENVE Max 3.04 7.24 40.80 7.11 40.80 1.9% 0.0%
Parter B38 74 ENVE Max 3.52 20.70 34.20 20.70 34.20 0.0% 0.0%
Parter B38 74 ENVE Max 4.00 34.65 20.90 34.65 20.90 0.0% 0.0%
Parter B38 74 ENVE Max 4.49 47.70 5.70 47.70 5.40 0.0% 5.3%
Parter B38 74 ENVE Max 4.97 58.03 -8.90 58.03 -9.20 0.0% 3.4%
Parter B38 74 ENVE Max 5.45 65.59 -26.30 65.59 -26.70 0.0% 1.5%
Parter B39 75 ENVE Max 0.15 -26.25 | -15.70 | -26.53 | -16.20 1.1% 3.2%
Parter B39 75 ENVE Max 0.61 -21.32 -4.70 -21.60 -5.00 1.3% 6.4%
Parter B39 75 ENVE Max 1.08 -14.98 3.80 -15.26 3.60 1.9% 5.3%
Parter B39 75 ENVE Max 1.54 -7.23 11.10 -7.51 11.10 3.9% 0.0%
Parter B39 75 ENVE Max 2.00 1.11 18.10 0.83 18.10 25.2% 0.0%
Parter B39 75 ENVE Max 2.46 9.45 18.90 9.17 18.90 2.9% 0.0%
Parter B39 75 ENVE Max 2.93 17.25 15.60 17.24 15.40 0.1% 1.3%
Parter B39 75 ENVE Max 3.39 27.01 12.10 27.00 11.70 0.0% 3.3%
Parter B39 75 ENVE Max 3.85 34.20 5.90 34.19 5.40 0.0% 8.5%
Parter B40 76 ENVE Max 0.15 -45.75 | -24.40 | -45.86 | -24.80 0.2% 1.6%
Parter B40 76 ENVE Max 0.63 -38.88 -3.90 -38.99 -4.20 0.3% 7.7%
Parter B40 76 ENVE Max 1.12 -30.48 12.90 -30.59 12.70 0.4% 1.6%
Parter B40 76 ENVE Max 1.60 -20.56 32.70 -20.68 32.70 0.5% 0.0%
Parter B40 76 ENVE Max 2.08 -10.17 46.30 -10.28 46.30 1.1% 0.0%
Parter B40 76 ENVE Max 2.57 0.23 52.20 0.12 52.20 48.9% 0.0%
Parter B40 76 ENVE Max 3.05 12.32 50.20 12.32 50.10 0.1% 0.2%
Parter B40 76 ENVE Max 3.53 28.57 40.30 28.58 40.30 0.0% 0.0%
Parter B40 76 ENVE Max 4.02 44.83 22.50 44.84 22.50 0.0% 0.0%
Parter B40 76 ENVE Max 4.50 60.13 1.80 60.14 1.70 0.0% 5.6%
Parter B40 76 ENVE Max 4.50 60.62 3.50 60.63 3.40 0.0% 2.9%
Parter B40 76 ENVE Max 4.98 74.33 -15.40 74.34 -15.60 0.0% 1.3%
Parter B40 76 ENVE Max 5.45 86.12 -38.40 86.13 -38.70 0.0% 0.8%
Parter B41 7 ENVE Max 0.15 -22.99 | -20.40 | -23.30 | -20.90 1.4% 2.5%
Parter B41 i ENVE Max 0.61 -19.91 | -10.40 | -20.22 | -10.70 1.6% 2.9%
Parter B41 i ENVE Max 1.08 -14.79 -2.30 -15.10 -2.50 2.1% 8.7%
Parter B41 7 ENVE Max 1.54 -8.27 4.20 -8.58 4.10 3.8% 2.4%
Parter B41 i ENVE Max 2.00 -1.15 12.80 -1.46 12.70 27.2% 0.8%
Parter B41 i ENVE Max 2.46 5.97 15.50 5.65 15.50 5.2% 0.0%
Parter B41 7 ENVE Max 2.93 12.49 14.30 12.17 14.00 2.5% 2.1%
Parter B41 i ENVE Max 3.39 20.68 13.40 20.65 13.00 0.1% 3.0%
Parter B41 i ENVE Max 3.85 25.92 10.60 25.90 10.00 0.1% 5.7%
Parter B42 78 ENVE Max 0.15 -9.81 1.10 -9.72 1.20 0.9% 8.3%
Parter B42 78 ENVE Max 0.60 -6.84 4.90 -6.75 5.00 1.3% 2.0%
Parter B42 78 ENVE Max 1.05 -1.21 8.10 -1.12 8.00 7.7% 1.2%
Parter B42 78 ENVE Max 1.50 7.10 13.00 7.18 13.00 1.2% 0.0%
Parter B42 78 ENVE Max 1.95 15.40 11.70 15.49 11.80 0.6% 0.8%
Parter B42 78 ENVE Max 2.40 21.63 11.30 21.47 11.70 0.8% 3.4%
Parter B42 78 ENVE Max 2.85 26.67 9.10 26.51 9.50 0.6% 4.2%
Parter B43 79 ENVE Max 0.15 -15.10 -1.30 -14.54 -0.60 3.9% 116.7%
Parter B43 79 ENVE Max 0.60 -9.42 4.30 -8.86 4.80 6.3% 10.4%
Parter B43 79 ENVE Max 1.05 -2.41 7.00 -1.85 7.20 30.3% 2.8%
Parter B43 79 ENVE Max 1.50 5.94 11.40 6.50 11.40 8.6% 0.0%
Parter B43 79 ENVE Max 1.95 14.29 11.50 14.85 11.80 3.8% 2.5%
Parter B43 79 ENVE Max 2.40 21.30 11.40 21.86 12.10 2.6% 5.8%
Parter B43 79 ENVE Max 2.85 27.75 8.50 27.68 9.40 0.2% 9.6%
Parter B44 80 ENVE Max 0.15 -35.10 | -26.30 | -35.28 | -26.70 0.5% 1.5%
Parter B44 80 ENVE Max 0.63 -31.82 | -10.10 | -32.00 | -10.40 0.6% 3.0%
Parter B44 80 ENVE Max 1.11 -26.15 3.90 -26.33 3.70 0.7% 5.1%
Parter B44 80 ENVE Max 1.60 -18.94 20.90 -19.12 20.90 1.0% 0.0%
Parter B44 80 ENVE Max 2.08 -10.96 36.60 -11.14 | 36.60 1.6% 0.0%
Parter B44 80 ENVE Max 2.56 -2.97 45.40 -3.15 45.40 6.1% 0.0%
Parter B44 80 ENVE Max 3.04 5.02 47.50 4.84 47.50 3.6% 0.0%
Parter B44 80 ENVE Max 3.52 16.89 42.80 16.89 42.80 0.0% 0.0%
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Parter B44 80 ENVE Max 4.00 31.02 31.20 31.02 31.20 0.0% 0.0%
Parter B44 80 ENVE Max 4.49 43.73 14.40 43.73 14.10 0.0% 2.1%
Parter B44 80 ENVE Max 4.97 53.66 2.70 53.66 2.30 0.0% 14.8%
Parter B44 80 ENVE Max 5.45 59.24 -11.20 59.24 -11.70 0.0% 4.5%
Parter B45 81 ENVE Max 0.15 -12.60 0.50 -12.36 0.70 1.9% 28.6%
Parter B45 81 ENVE Max 0.54 -11.05 5.20 -10.82 5.30 2.2% 1.9%
Parter B45 81 ENVE Max 0.94 -8.97 11.50 -8.74 11.60 2.7% 0.9%
Parter B45 81 ENVE Max 1.33 -7.81 22.30 -7.58 22.30 3.1% 0.0%
Parter B45 81 ENVE Max 1.33 33.83 23.40 34.03 23.40 0.6% 0.0%
Parter B45 81 ENVE Max 1.67 35.97 11.60 36.17 11.50 0.5% 0.9%
Parter B45 81 ENVE Max 2.01 40.64 5.40 40.84 5.40 0.5% 0.0%
Parter B45 81 ENVE Max 2.35 44.00 -0.60 44.20 -0.60 0.5% 0.0%
Parter B46 82 ENVE Max 0.15 10.93 12.30 11.07 12.50 1.2% 1.6%
Parter B46 82 ENVE Max 0.58 14.43 6.90 14.56 7.00 0.9% 1.4%
Parter B46 82 ENVE Max 1.02 19.16 3.20 19.29 3.20 0.7% 0.0%
Parter B46 82 ENVE Max 1.45 25.13 9.00 25.26 9.00 0.5% 0.0%
Parter B47 83 ENVE Max 0.15 11.82 7.40 12.33 7.70 4.1% 3.9%
Parter B47 83 ENVE Max 0.58 16.06 1.30 16.56 1.40 3.1% 7.1%
Parter B47 83 ENVE Max 1.02 19.06 1.20 19.56 1.30 2.6% 7.7%
Parter B47 83 ENVE Max 1.45 20.82 4.80 21.32 5.20 2.4% 7.7%
Parter B48 84 ENVE Max 0.15 -9.47 1.70 -9.77 1.20 3.2% 29.4%
Parter B48 84 ENVE Max 0.61 -5.94 5.30 -6.25 4.90 5.2% 7.5%
Parter B48 84 ENVE Max 1.08 -2.42 7.20 -2.72 7.00 12.7% 2.8%
Parter B48 84 ENVE Max 1.54 1.11 7.50 0.80 7.40 27.6% 1.3%
Parter B48 84 ENVE Max 2.00 4.64 8.30 4.33 8.30 6.6% 0.0%
Parter B48 84 ENVE Max 2.46 8.16 8.70 7.86 8.50 3.8% 2.3%
Parter B48 84 ENVE Max 2.93 11.69 9.20 11.38 8.90 2.6% 3.3%
Parter B48 84 ENVE Max 3.39 15.22 8.10 14.91 7.70 2.0% 4.9%
Parter B48 84 ENVE Max 3.85 18.74 5.40 18.44 4.80 1.6% 11.1%
Parter B49 85 ENVE Max 0.15 -17.77 -3.50 -17.45 -2.90 1.8% 20.7%
Parter B49 85 ENVE Max 0.61 -12.62 3.50 -12.30 4.00 2.6% 12.5%
Parter B49 85 ENVE Max 1.08 -7.46 8.20 -7.15 8.50 4.4% 3.5%
Parter B49 85 ENVE Max 1.54 -2.31 11.00 -1.99 11.00 15.8% 0.0%
Parter B49 85 ENVE Max 2.00 2.85 13.20 3.16 13.20 10.0% 0.0%
Parter B49 85 ENVE Max 2.47 8.00 12.30 8.32 12.30 3.8% 0.0%
Parter B49 85 ENVE Max 2.93 13.16 8.30 13.47 8.50 2.3% 2.4%
Parter B49 85 ENVE Max 2.93 19.58 8.50 19.60 8.70 0.1% 2.3%
Parter B49 85 ENVE Max 3.27 25.38 4.50 25.40 4.70 0.1% 4.3%
Parter B49 85 ENVE Max 3.61 32.45 -1.10 32.47 -0.80 0.1% 37.5%
Parter B49 85 ENVE Max 3.95 38.86 -8.30 38.88 -8.00 0.1% 3.8%
Parter B50 86 ENVE Max 0.15 -2.56 0.90 -2.69 0.70 5.1% 22.2%
Parter B50 86 ENVE Max 0.61 -1.40 1.80 -1.53 1.70 9.4% 5.6%
Parter B50 86 ENVE Max 1.08 -0.25 2.20 -0.38 2.10 53.1% 4.5%
Parter B50 86 ENVE Max 1.54 0.91 2.10 0.78 2.10 14.5% 0.0%
Parter B50 86 ENVE Max 2.00 2.06 2.50 1.93 2.50 6.4% 0.0%
Parter B50 86 ENVE Max 2.46 3.22 3.30 3.09 3.20 4.1% 3.0%
Parter B50 86 ENVE Max 2.93 4.38 3.70 4.24 3.50 3.0% 5.4%
Parter B50 86 ENVE Max 3.39 5.53 3.50 5.40 3.30 2.4% 5.7%
Parter B50 86 ENVE Max 3.85 6.69 2.80 6.56 2.50 2.0% 10.7%
Parter B51 87 ENVE Max 0.15 -3.28 4.10 -3.07 4.40 7.1% 6.8%
Parter B51 87 ENVE Max 0.63 -0.62 5.00 -0.41 5.30 53.4% 5.7%
Parter B51 87 ENVE Max 1.12 2.03 4.70 2.25 4.80 9.7% 2.1%
Parter B51 87 ENVE Max 1.60 4.69 3.20 4.91 3.20 4.4% 0.0%
Parter B51 87 ENVE Max 2.08 7.35 2.10 7.57 2.20 2.9% 4.5%
Parter B51 87 ENVE Max 2.57 10.01 1.30 10.22 1.50 2.1% 13.3%
Parter B51 87 ENVE Max 3.05 12.67 -0.70 12.88 -0.50 1.7% 40.0%
Parter B52 88 ENVE Max 0.15 -4.28 3.90 -4.50 3.50 5.2% 10.3%
Parter B52 88 ENVE Max 0.61 -2.36 5.40 -2.58 5.20 9.4% 3.7%
Parter B52 88 ENVE Max 1.08 0.73 5.80 0.51 5.70 30.4% 1.7%
Parter B52 88 ENVE Max 1.54 3.93 6.10 3.71 6.10 5.6% 0.0%
Parter B52 88 ENVE Max 2.00 7.13 4.70 6.91 4.70 3.1% 0.0%
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Parter B52 88 ENVE Max 2.46 11.18 2.50 11.16 2.40 0.2% 4.0%
Parter B52 88 ENVE Max 2.93 16.64 0.40 16.62 0.20 0.1% 50.0%
Parter B52 88 ENVE Max 3.39 21.88 -3.10 21.86 -3.40 0.1% 9.7%
Parter B52 88 ENVE Max 3.85 25.02 -7.90 25.00 -8.30 0.1% 5.1%
Parter B53 89 ENVE Max 0.00 -4.46 -0.20 -4.47 -0.20 0.3% 0.0%
Parter B53 89 ENVE Max 0.50 -3.00 2.60 -3.01 2.60 0.4% 0.0%
Parter B53 89 ENVE Max 1.00 0.11 4.40 0.10 4.40 10.6% 0.0%
Parter B53 89 ENVE Max 1.50 4.66 3.30 4.65 3.30 0.1% 0.0%
Parter B53 89 ENVE Max 2.00 7.01 0.20 7.01 0.20 0.0% 0.0%
Parter B54 90 ENVE Max 0.00 -3.22 0.10 -3.20 0.10 0.4% 0.0%
Parter B54 90 ENVE Max 0.50 -1.76 1.90 -1.74 1.90 0.8% 0.0%
Parter B54 90 ENVE Max 1.00 0.53 2.80 0.54 2.80 2.6% 0.0%
Parter B54 90 ENVE Max 1.50 4.07 1.70 4.08 1.70 0.2% 0.0%
Parter B54 90 ENVE Max 2.00 6.43 -0.30 6.43 -0.30 0.1% 0.0%
Parter B58 95 ENVE Max 0.00 -3.64 -1.20 -3.65 -1.10 0.4% 9.1%
Parter B58 95 ENVE Max 0.39 -2.64 0.20 -2.65 0.30 0.5% 33.3%
Parter B58 95 ENVE Max 0.78 -0.90 1.20 -0.91 1.20 1.5% 0.0%
Parter B58 95 ENVE Max 1.17 0.49 1.40 0.49 1.40 0.7% 0.0%
Parter B59 96 ENVE Max 0.00 -12.24 -1.80 -12.26 -1.80 0.1% 0.0%
Parter B59 96 ENVE Max 0.50 -10.78 4.80 -10.80 4.80 0.2% 0.0%
Parter B59 96 ENVE Max 1.00 -8.04 13.20 -8.06 13.20 0.2% 0.0%
Parter B59 96 ENVE Max 1.50 -5.22 19.10 -5.23 19.10 0.3% 0.0%
Parter B59 96 ENVE Max 2.00 -2.39 22.70 -2.41 22.70 0.7% 0.0%
Parter B59 96 ENVE Max 2.50 0.44 23.80 0.42 23.80 3.9% 0.0%
Parter B59 96 ENVE Max 3.00 4.98 22.50 4.98 22.50 0.0% 0.0%
Parter B59 96 ENVE Max 3.50 9.82 18.80 9.82 18.80 0.0% 0.0%
Parter B59 96 ENVE Max 4.00 14.66 12.70 14.66 12.70 0.0% 0.0%
Parter B59 96 ENVE Max 4.50 19.49 4.20 19.49 4.20 0.0% 0.0%
Parter B60 97 ENVE Max 0.00 25.09 1.60 25.09 1.60 0.0% 0.0%
Parter B60 97 ENVE Max 0.37 29.45 -4.30 29.44 -4.40 0.0% 2.3%
Parter B60 97 ENVE Max 0.73 34.47 -11.40 34.47 -11.40 0.0% 0.0%
Parter B60 97 ENVE Max 1.10 36.71 -19.20 36.71 -19.20 0.0% 0.0%
Parter B61 98 ENVE Max 0.00 -13.77 | -19.00 | -13.79 | -19.00 0.2% 0.0%
Parter B61 98 ENVE Max 0.50 -12.31 | -12.40 | -12.33 | -12.40 0.2% 0.0%
Parter B61 98 ENVE Max 1.00 -9.77 -6.90 -9.79 -6.90 0.2% 0.0%
Parter B61 98 ENVE Max 1.50 -7.20 -2.60 -7.23 -2.60 0.3% 0.0%
Parter B61 98 ENVE Max 2.00 -4.64 1.10 -4.66 1.10 0.5% 0.0%
Parter B61 98 ENVE Max 2.50 -2.08 4.10 -2.10 4.10 1.1% 0.0%
Parter B61 98 ENVE Max 3.00 0.49 5.00 0.47 5.00 4.6% 0.0%
Parter B61 98 ENVE Max 3.50 4.70 3.80 4.70 3.80 0.0% 0.0%
Parter B61 98 ENVE Max 4.00 7.06 1.40 7.06 1.30 0.0% 7.1%
Parter B70 176 ENVE Max 0.15 -6.50 4.50 -6.59 4.40 1.3% 2.2%
Parter B70 176 ENVE Max 0.56 -1.61 6.20 -1.70 6.10 5.2% 1.6%
Parter B70 176 ENVE Max 0.97 4.37 6.40 4.29 6.40 1.9% 0.0%
Parter B70 176 ENVE Max 1.37 11.46 6.30 11.37 6.30 0.7% 0.0%
Parter B70 176 ENVE Max 1.78 19.53 5.30 19.44 5.40 0.4% 1.9%
Parter B70 176 ENVE Max 2.19 31.95 1.80 31.88 1.90 0.2% 5.3%
Parter B71 177 ENVE Max 0.15 -2.35 5.30 -2.95 4.80 25.9% 9.4%
Parter B71 177 ENVE Max 0.54 5.27 4.70 4.66 4.40 11.5% 6.4%
Parter B71 177 ENVE Max 0.93 11.92 2.20 11.32 2.20 5.1% 0.0%
Parter B71 177 ENVE Max 1.32 17.58 5.40 16.97 5.10 3.5% 5.6%
Parter B71 177 ENVE Max 1.71 22.23 7.00 21.62 6.40 2.7% 8.6%
Parter B14 58 ENVE Max 0.15 -36.82 -7.80 -37.11 -8.30 0.8% 6.4%
Parter B14 58 ENVE Max 0.61 -27.90 7.30 -28.18 6.90 1.0% 5.5%
Parter B14 58 ENVE Max 1.08 -16.65 19.30 -16.93 19.30 1.7% 0.0%
Parter B14 58 ENVE Max 1.54 -5.17 30.80 -5.46 30.80 5.5% 0.0%
Parter B14 58 ENVE Max 2.00 6.31 34.20 6.02 34.20 4.5% 0.0%
Parter B14 58 ENVE Max 2.46 19.39 29.30 19.38 29.30 0.0% 0.0%
Parter B14 58 ENVE Max 2.93 37.15 16.30 37.15 16.30 0.0% 0.0%
Parter B14 58 ENVE Max 3.39 54.49 3.90 54.49 3.50 0.0% 10.3%
Parter B14 58 ENVE Max 3.85 67.63 -12.10 67.62 -12.60 0.0% 4.1%
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Parter B69 92 ENVE Max 0.15 0.79 11.40 -0.26 10.70 133.3% 6.1%
Parter B69 92 ENVE Max 0.58 8.37 9.50 7.31 9.20 12.6% 3.2%
Parter B69 92 ENVE Max 1.02 18.11 9.30 17.05 9.40 5.8% 1.1%
Parter B69 92 ENVE Max 1.45 28.16 13.30 27.10 12.90 3.7% 3.0%
Parter B72 103 ENVE Max 0.15 32.62 8.70 31.93 8.40 2.1% 3.4%
Parter B72 103 ENVE Max 0.58 38.35 -6.50 38.60 -6.60 0.7% 1.5%
Parter B72 103 ENVE Max 1.02 47.05 -14.30 47.30 -14.60 0.5% 2.1%
Parter B72 103 ENVE Max 1.45 51.81 -19.20 52.07 -19.90 0.5% 3.6%
Parter B1 37 ENVE Min 0.15 -10.38 | -12.20 | -10.36 | -11.80 0.3% 3.4%
Parter B1 37 ENVE Min 0.62 -9.06 -7.60 -8.89 -7.30 2.0% 4.1%
Parter B1 37 ENVE Min 1.10 -7.82 -3.60 -7.65 -3.40 2.3% 5.9%
Parter Bl 37 ENVE Min 1.57 -6.58 -0.20 -6.41 -0.10 2.7% 100.0%
Parter B1 37 ENVE Min 2.04 -5.34 2.60 -5.16 2.60 3.4% 0.0%
Parter B1 37 ENVE Min 251 -4.10 3.80 -3.92 3.80 4.5% 0.0%
Parter B1 37 ENVE Min 2.99 -2.86 2.90 -2.68 3.00 6.5% 3.3%
Parter B1 37 ENVE Min 3.46 -1.62 1.40 -1.44 1.50 12.2% 6.7%
Parter B1 37 ENVE Min 3.93 -0.38 -0.70 -0.20 -0.50 86.8% 40.0%
Parter B1 37 ENVE Min 4.40 0.86 -3.30 1.04 -3.00 16.9% 10.0%
Parter B1 37 ENVE Min 4.88 2.10 -6.60 2.28 -6.20 7.7% 6.5%
Parter B1 37 ENVE Min 5.35 3.34 -10.40 3.52 -10.00 5.0% 4.0%
Parter B2 38 ENVE Min 0.15 -12.59 | -14.50 | -12.06 | -13.70 4.4% 5.8%
Parter B2 38 ENVE Min 0.65 -11.28 -8.50 -10.75 -8.00 4.9% 6.3%
Parter B2 38 ENVE Min 1.15 -9.97 -3.20 -9.44 -3.00 5.6% 6.7%
Parter B2 38 ENVE Min 1.65 -8.66 0.05 -8.13 0.10 6.5% 50.7%
Parter B2 38 ENVE Min 2.15 -7.35 -5.90 -6.82 -5.60 7.8% 5.4%
Parter B2 38 ENVE Min 2.65 -6.03 -12.50 -5.50 -12.00 9.6% 4.2%
Parter B3 39 ENVE Min 0.15 -9.36 -9.20 -9.12 -8.90 2.6% 3.4%
Parter B3 39 ENVE Min 0.65 -8.05 -4.90 -7.81 -4.70 3.0% 4.3%
Parter B3 39 ENVE Min 1.15 -6.73 -1.20 -6.50 -1.10 3.6% 9.1%
Parter B3 39 ENVE Min 1.65 -5.42 0.20 -5.19 0.20 4.5% 0.0%
Parter B3 39 ENVE Min 2.15 -4.11 -2.80 -3.87 -2.60 6.1% 7.7%
Parter B3 39 ENVE Min 2.65 -2.80 -6.40 -2.56 -6.10 9.2% 4.9%
Parter B4 50 ENVE Min 0.15 -63.46 | -52.10 | -63.40 | -51.90 0.1% 0.4%
Parter B4 50 ENVE Min 0.58 -54.42 | -26.90 | -54.37 | -26.80 0.1% 0.4%
Parter B4 50 ENVE Min 1.00 -46.08 -7.50 -46.03 -7.20 0.1% 4.2%
Parter B4 50 ENVE Min 1.00 -40.10 -7.40 -40.05 -7.20 0.1% 2.8%
Parter B4 50 ENVE Min 1.50 -31.56 6.70 -31.51 6.90 0.1% 2.9%
Parter B4 50 ENVE Min 2.00 -23.02 17.70 -22.97 17.70 0.2% 0.0%
Parter B4 50 ENVE Min 2.50 -14.48 23.80 -14.44 23.80 0.3% 0.0%
Parter B4 50 ENVE Min 3.00 -6.18 25.10 -5.97 25.30 3.5% 0.8%
Parter B4 50 ENVE Min 3.00 -1.49 25.10 -1.28 25.20 16.4% 0.4%
Parter B4 50 ENVE Min 3.47 5.19 21.20 5.40 21.40 3.9% 0.9%
Parter B4 50 ENVE Min 3.94 13.32 13.90 13.53 14.20 1.5% 2.1%
Parter B4 50 ENVE Min 4.41 22.35 2.50 22.56 2.80 0.9% 10.7%
Parter B4 50 ENVE Min 4.88 30.91 -13.10 31.12 -12.70 0.7% 3.1%
Parter B4 50 ENVE Min 5.35 38.05 -32.40 38.26 -32.00 0.5% 1.3%
Parter B5 41 ENVE Min 0.15 -12.28 | -14.10 | -12.09 | -13.80 1.5% 2.2%
Parter B5 41 ENVE Min 0.65 -10.96 -8.30 -10.78 -8.10 1.7% 2.5%
Parter B5 41 ENVE Min 1.15 -9.65 -3.10 -9.47 -3.00 2.0% 3.3%
Parter B5 41 ENVE Min 1.65 -8.34 -0.02 -8.15 0.04 2.3% 154.3%
Parter B5 41 ENVE Min 2.15 -7.03 -5.80 -6.84 -5.60 2.7% 3.6%
Parter B5 41 ENVE Min 2.65 -5.71 -12.20 -5.53 -11.90 3.4% 2.5%
Parter B6 42 ENVE Min 0.15 -9.79 -9.60 -9.47 -9.20 3.4% 4.3%
Parter B6 42 ENVE Min 0.65 -8.48 -5.00 -8.15 -4.80 4.0% 4.2%
Parter B6 42 ENVE Min 1.15 -7.17 -1.10 -6.84 -1.10 4.7% 0.0%
Parter B6 42 ENVE Min 1.65 -5.85 0.10 -5.53 0.10 5.9% 0.0%
Parter B6 42 ENVE Min 2.15 -4.54 -2.90 -4.22 -2.70 7.7% 7.4%
Parter B6 42 ENVE Min 2.65 -3.23 -6.50 -2.91 -6.20 11.2% 4.8%
Parter B7 43 ENVE Min 0.15 -18.51 | -12.00 | -17.80 | -11.40 4.0% 5.3%
Parter B7 43 ENVE Min 0.58 -14.67 -4.90 -13.96 -4.70 5.1% 4.3%
Parter B7 43 ENVE Min 1.00 -9.64 -0.60 -8.93 -0.70 7.9% 16.7%

120



GADO CONS CONSTRUCT S.R.L.

STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII INVELITORILOR DE TIP BRAMAC PRIN STUDIU
ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI TEHNIC
STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M

Parter B7 43 ENVE Min 1.43 -4.60 -9.70 -3.90 -9.40 18.1% 3.2%
Parter B7 43 ENVE Min 1.85 -0.76 -20.60 -0.06 -19.90 1228.6% 3.5%
Parter B8 44 ENVE Min 0.15 -15.57 | -11.40 | -14.66 | -10.80 6.2% 5.6%
Parter B8 44 ENVE Min 0.58 -14.44 -4.90 -13.52 -4.60 6.8% 6.5%
Parter B8 44 ENVE Min 1.02 -13.30 -4.30 -12.39 -4.20 7.4% 2.4%
Parter B8 44 ENVE Min 1.45 -12.16 | -14.40 | -11.25 | -13.80 8.1% 4.3%
Parter B9 45 ENVE Min 0.15 -11.10 | -12.60 | -10.68 | -11.90 3.9% 5.9%
Parter B9 45 ENVE Min 0.65 -9.78 -7.30 -9.37 -6.90 4.5% 5.8%
Parter B9 45 ENVE Min 1.15 -8.47 -2.80 -8.05 -2.60 5.2% 7.7%
Parter B9 45 ENVE Min 1.65 -7.16 0.40 -6.74 0.50 6.2% 20.0%
Parter B9 45 ENVE Min 2.15 -5.85 -4.60 -5.43 -4.40 7.7% 4.5%
Parter B9 45 ENVE Min 2.65 -4.54 -10.40 -4.12 -9.90 10.1% 5.1%
Parter B10 46 ENVE Min 0.15 -10.07 -8.90 -9.92 -8.60 1.6% 3.5%
Parter B10 46 ENVE Min 0.65 -8.76 -4.20 -8.60 -4.00 1.8% 5.0%
Parter B10 46 ENVE Min 1.15 -7.45 -0.20 -7.29 -0.10 2.2% 100.0%
Parter B10 46 ENVE Min 1.65 -6.14 -1.60 -5.98 -1.70 2.6% 6.2%
Parter B10 46 ENVE Min 2.15 -4.83 -5.30 -4.67 -5.40 3.4% 1.9%
Parter B10 46 ENVE Min 2.65 -3.51 -9.70 -3.35 -9.70 4.7% 0.0%
Parter B11 47 ENVE Min 0.15 -34.98 | -20.40 | -33.82 | -19.50 3.4% 4.6%
Parter Bl11 47 ENVE Min 0.58 -28.45 -6.60 -27.30 -6.20 4.2% 6.5%
Parter Bl11 47 ENVE Min 1.02 -20.68 1.40 -19.53 1.40 5.9% 0.0%
Parter B11 47 ENVE Min 1.45 -12.35 -8.60 -11.19 -8.10 10.3% 6.2%
Parter B12 48 ENVE Min 0.15 -13.14 -8.60 -12.34 -8.20 6.4% 4.9%
Parter B12 48 ENVE Min 0.58 -4.80 -4.70 -4.01 -4.60 19.8% 2.2%
Parter B12 48 ENVE Min 1.02 2.96 -10.80 3.76 -10.90 21.2% 0.9%
Parter B12 48 ENVE Min 1.45 9.49 -25.10 10.29 -24.70 7.7% 1.6%
Parter B13 49 ENVE Min 0.15 -21.91 | -12.80 | -21.29 | -12.20 2.9% 4.9%
Parter B13 49 ENVE Min 0.58 -16.79 -4.50 -16.18 -4.20 3.8% 7.1%
Parter B13 49 ENVE Min 1.00 -10.49 1.30 -9.87 1.40 6.2% 7.1%
Parter B13 49 ENVE Min 1.43 -4.18 -3.30 -3.57 -3.10 17.3% 6.5%
Parter B13 49 ENVE Min 1.85 0.93 -14.00 1.55 -13.60 39.7% 2.9%
Parter B15 51 ENVE Min 0.15 -11.77 -7.30 -11.24 -6.90 4.7% 5.8%
Parter B15 51 ENVE Min 0.58 -10.69 -2.40 -10.16 -2.30 5.2% 4.3%
Parter B15 51 ENVE Min 1.02 -9.60 -1.30 -9.08 -1.20 5.8% 8.3%
Parter B15 51 ENVE Min 1.45 -8.52 -5.90 -8.00 -5.60 6.6% 5.4%
Parter B16 52 ENVE Min 0.15 -10.74 -7.80 -10.23 -7.40 5.0% 5.4%
Parter B16 52 ENVE Min 0.54 -9.76 -3.90 -9.25 -3.60 5.5% 8.3%
Parter B16 52 ENVE Min 0.93 -8.79 -0.20 -8.28 -0.20 6.2% 0.0%
Parter B16 52 ENVE Min 1.32 -7.81 -3.70 -7.30 -3.50 7.0% 5.7%
Parter B16 52 ENVE Min 1.71 -6.84 -8.30 -6.33 -7.90 8.1% 5.1%
Parter B19 55 ENVE Min 0.15 -94.86 | -84.80 | -94.90 | -84.90 0.0% 0.1%
Parter B19 55 ENVE Min 0.62 -89.44 | -41.00 | -89.47 | -41.10 0.0% 0.2%
Parter B19 55 ENVE Min 1.10 -78.67 -4.80 -78.71 -4.60 0.0% 4.3%
Parter B19 55 ENVE Min 1.57 -62.56 15.70 -62.59 15.80 0.1% 0.6%
Parter B19 55 ENVE Min 2.04 -41.11 31.20 -41.14 31.20 0.1% 0.0%
Parter B19 55 ENVE Min 2.51 -16.89 39.00 -16.93 39.00 0.2% 0.0%
Parter B19 55 ENVE Min 2.99 0.56 38.60 0.72 38.70 22.3% 0.3%
Parter B19 55 ENVE Min 3.46 14.10 31.90 14.26 32.10 1.1% 0.6%
Parter B19 55 ENVE Min 3.93 26.12 18.90 26.28 19.30 0.6% 2.1%
Parter B19 55 ENVE Min 4.40 35.19 1.00 35.36 1.50 0.5% 33.3%
Parter B19 55 ENVE Min 4.88 41.33 -20.70 41.49 -20.60 0.4% 0.5%
Parter B19 55 ENVE Min 5.35 4451 -60.00 44.67 -59.90 0.4% 0.2%
Parter B20 56 ENVE Min 0.15 -43.11 | -25.90 | -43.10 | -25.90 0.0% 0.0%
Parter B20 56 ENVE Min 0.64 -36.44 | -10.00 | -36.43 -9.70 0.0% 3.1%
Parter B20 56 ENVE Min 1.13 -26.93 1.70 -26.91 1.90 0.1% 10.5%
Parter B20 56 ENVE Min 1.61 -14.57 10.00 -14.56 10.10 0.1% 1.0%
Parter B20 56 ENVE Min 2.10 -3.98 13.70 -3.76 13.70 6.1% 0.0%
Parter B20 56 ENVE Min 2.59 5.22 9.00 5.45 9.10 4.2% 1.1%
Parter B20 56 ENVE Min 3.08 12.86 0.30 13.09 0.50 1.7% 40.0%
Parter B20 56 ENVE Min 3.56 18.93 -11.70 19.16 -11.40 1.2% 2.6%
Parter B20 56 ENVE Min 4.05 23.44 -28.40 23.67 -28.40 1.0% 0.0%
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Parter B21 57 ENVE Min 0.15 -11.86 | -10.10 | -11.11 -9.50 6.7% 6.3%
Parter B21 57 ENVE Min 0.58 -9.15 -5.60 -8.40 -5.20 8.9% 7.7%
Parter B21 57 ENVE Min 1.00 -4.84 -4.10 -4.09 -4.10 18.3% 0.0%
Parter B21 57 ENVE Min 1.43 -0.54 -12.20 0.21 -12.20 353.9% 0.0%
Parter B21 57 ENVE Min 1.85 2.18 -24.10 2.92 -23.50 25.6% 2.6%
Parter B22 136 ENVE Min 0.15 -67.21 | -58.60 | -67.24 | -58.70 0.0% 0.2%
Parter B22 136 ENVE Min 0.58 -62.65 | -30.90 | -62.67 | -30.90 0.0% 0.0%
Parter B22 136 ENVE Min 1.00 -56.62 -8.40 -56.64 -8.10 0.0% 3.7%
Parter B22 136 ENVE Min 1.00 -50.19 -8.40 -50.21 -8.20 0.0% 2.4%
Parter B22 136 ENVE Min 1.50 -41.60 6.70 -41.62 6.80 0.0% 1.5%
Parter B22 136 ENVE Min 2.00 -30.03 18.90 -30.04 19.00 0.1% 0.5%
Parter B22 136 ENVE Min 2.50 -16.41 26.40 -16.43 26.40 0.1% 0.0%
Parter B22 136 ENVE Min 3.00 -5.56 27.30 -5.37 27.50 3.6% 0.7%
Parter B22 136 ENVE Min 3.00 -1.12 27.40 -0.93 27.50 20.7% 0.4%
Parter B22 136 ENVE Min 3.47 6.87 22.50 7.06 22.70 2.7% 0.9%
Parter B22 136 ENVE Min 3.94 15.39 13.60 15.58 14.00 1.2% 2.9%
Parter B22 136 ENVE Min 4.41 23.35 0.90 23.54 1.30 0.8% 30.8%
Parter B22 136 ENVE Min 4.88 29.40 -15.20 29.59 -14.70 0.6% 3.4%
Parter B22 136 ENVE Min 5.35 32.56 -38.90 32.75 -38.90 0.6% 0.0%
Parter B23 59 ENVE Min 0.15 -54.06 | -31.50 | -54.06 | -31.50 0.0% 0.0%
Parter B23 59 ENVE Min 0.64 -48.38 -8.80 -48.39 -8.70 0.0% 1.1%
Parter B23 59 ENVE Min 1.13 -37.02 5.00 -37.02 5.00 0.0% 0.0%
Parter B23 59 ENVE Min 1.61 -19.97 14.80 -19.98 14.80 0.0% 0.0%
Parter B23 59 ENVE Min 2.10 -3.27 18.10 -3.13 18.20 4.4% 0.5%
Parter B23 59 ENVE Min 2.59 8.64 12.90 8.78 13.00 1.6% 0.8%
Parter B23 59 ENVE Min 3.08 18.23 2.30 18.37 2.50 0.8% 8.0%
Parter B23 59 ENVE Min 3.56 24.70 -12.10 24.84 -11.90 0.6% 1.7%
Parter B23 59 ENVE Min 4.05 28.03 -36.40 28.17 -36.50 0.5% 0.3%
Parter B24 60 ENVE Min 0.15 -21.79 | -19.50 | -21.75 | -18.70 0.2% 4.3%
Parter B24 60 ENVE Min 0.63 -18.19 -9.80 -17.68 -9.20 2.9% 6.5%
Parter B24 60 ENVE Min 1.12 -11.87 -2.40 -11.36 -2.10 4.5% 14.3%
Parter B24 60 ENVE Min 1.60 -3.56 1.30 -3.05 1.40 16.7% 7.1%
Parter B24 60 ENVE Min 2.08 4.75 -4.50 5.26 -4.40 9.7% 2.3%
Parter B24 60 ENVE Min 2.57 11.07 -17.50 11.58 -17.50 4.4% 0.0%
Parter B24 60 ENVE Min 3.05 14.37 -36.20 14.88 -36.30 3.4% 0.3%
Parter B25 61 ENVE Min 0.15 -6.32 -5.70 -6.23 -5.50 1.6% 3.6%
Parter B25 61 ENVE Min 0.61 -5.17 -3.00 -5.07 -2.90 1.9% 3.4%
Parter B25 61 ENVE Min 1.08 -4.01 -0.90 -3.91 -0.80 2.5% 12.5%
Parter B25 61 ENVE Min 1.54 -2.85 0.70 -2.76 0.70 3.5% 0.0%
Parter B25 61 ENVE Min 2.00 -1.70 1.80 -1.60 1.80 6.0% 0.0%
Parter B25 61 ENVE Min 2.46 -0.54 0.80 -0.45 0.90 21.7% 11.1%
Parter B25 61 ENVE Min 2.93 0.61 -0.80 0.71 -0.70 13.6% 14.3%
Parter B25 61 ENVE Min 3.39 1.77 -3.00 1.87 -2.90 5.2% 3.4%
Parter B25 61 ENVE Min 3.85 2.92 -5.70 3.02 -5.50 3.2% 3.6%
Parter B27 63 ENVE Min 0.15 -57.31 | -51.00 | -57.32 | -51.00 0.0% 0.0%
Parter B27 63 ENVE Min 0.63 -52.03 | -24.60 | -52.04 | -24.60 0.0% 0.0%
Parter B27 63 ENVE Min 1.11 -43.98 -4.50 -43.99 -4.20 0.0% 7.1%
Parter B27 63 ENVE Min 1.60 -33.15 8.00 -33.15 8.10 0.0% 1.2%
Parter B27 63 ENVE Min 2.08 -20.90 17.00 -20.91 17.10 0.0% 0.6%
Parter B27 63 ENVE Min 2.56 -8.66 22.40 -8.66 22.40 0.1% 0.0%
Parter B27 63 ENVE Min 3.04 -0.46 21.90 -0.30 21.90 51.3% 0.0%
Parter B27 63 ENVE Min 3.52 6.86 17.80 7.01 17.90 2.2% 0.6%
Parter B27 63 ENVE Min 4.00 14.18 10.20 14.33 10.40 1.1% 1.9%
Parter B27 63 ENVE Min 4.49 20.72 -0.80 20.88 -0.50 0.7% 60.0%
Parter B27 63 ENVE Min 4.97 25.73 -14.60 25.89 -14.20 0.6% 2.8%
Parter B27 63 ENVE Min 5.45 29.21 -37.60 29.37 -37.60 0.5% 0.0%
Parter B29 65 ENVE Min 0.15 -7.79 -5.50 -7.51 -5.30 3.6% 3.8%
Parter B29 65 ENVE Min 0.54 -6.81 -2.70 -6.54 -2.60 4.2% 3.8%
Parter B29 65 ENVE Min 0.93 -5.84 -0.20 -5.56 -0.20 4.9% 0.0%
Parter B29 65 ENVE Min 1.32 -4.86 -1.70 -4.59 -1.60 6.0% 6.2%
Parter B29 65 ENVE Min 1.71 -3.89 -4.40 -3.61 -4.20 7.6% 4.8%
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Parter B30 66 ENVE Min 0.15 -6.37 -3.90 -6.13 -3.70 3.8% 5.4%
Parter B30 66 ENVE Min 0.55 -5.38 -1.60 -5.14 -1.50 4.6% 6.7%
Parter B30 66 ENVE Min 0.94 -4.39 0.30 -4.16 0.30 5.7% 0.0%
Parter B30 66 ENVE Min 1.34 -3.40 -1.60 -3.17 -1.50 7.4% 6.7%
Parter B30 66 ENVE Min 1.73 -2.42 -3.90 -2.18 -3.70 10.8% 5.4%
Parter B31 67 ENVE Min 0.15 -7.67 -4.60 -7.33 -4.30 4.6% 7.0%
Parter B31 67 ENVE Min 0.54 -6.69 -1.80 -6.36 -1.60 5.3% 12.5%
Parter B31 67 ENVE Min 0.93 -5.72 -0.10 -5.38 -0.10 6.3% 0.0%
Parter B31 67 ENVE Min 1.32 -4.74 -2.40 -4.41 -2.30 7.6% 4.3%
Parter B31 67 ENVE Min 1.71 -3.77 -5.10 -3.43 -4.90 9.8% 4.1%
Parter B32 68 ENVE Min 0.15 -33.16 | -17.60 | -32.09 | -16.80 3.3% 4.8%
Parter B32 68 ENVE Min 0.58 -25.58 -4.80 -24.51 -4.40 4.4% 9.1%
Parter B32 68 ENVE Min 1.02 -15.84 1.10 -14.77 1.10 7.2% 0.0%
Parter B32 68 ENVE Min 1.45 -5.79 -10.60 -4.72 -10.10 22.6% 5.0%
Parter B33 69 ENVE Min 0.15 -23.14 | -12.00 | -22.35 | -11.50 3.6% 4.3%
Parter B33 69 ENVE Min 0.58 -17.86 -3.10 -17.06 -3.00 4.7% 3.3%
Parter B33 69 ENVE Min 1.02 -12.89 -4.90 -12.09 -4.80 6.6% 2.1%
Parter B33 69 ENVE Min 1.45 -10.08 | -13.40 -9.28 -12.90 8.6% 3.9%
Parter B34 70 ENVE Min 0.15 -38.44 | -27.00 | -38.46 | -27.00 0.0% 0.0%
Parter B34 70 ENVE Min 0.61 -33.20 | -13.00 | -33.21 | -12.60 0.0% 3.2%
Parter B34 70 ENVE Min 1.08 -23.28 -3.10 -23.30 -2.80 0.1% 10.7%
Parter B34 70 ENVE Min 1.54 -11.21 3.80 -10.94 3.90 2.5% 2.6%
Parter B34 70 ENVE Min 2.00 -2.62 7.10 -2.35 7.10 11.5% 0.0%
Parter B34 70 ENVE Min 2.46 5.97 1.30 6.24 1.50 4.3% 13.3%
Parter B34 70 ENVE Min 2.93 13.15 -8.00 13.42 -7.80 2.0% 2.6%
Parter B34 70 ENVE Min 3.39 18.81 -23.10 19.08 -23.10 1.4% 0.0%
Parter B34 70 ENVE Min 3.85 21.90 -44.10 22.17 -44.10 1.2% 0.0%
Parter B35 71 ENVE Min 0.15 -40.57 | -25.90 | -40.57 | -25.50 0.0% 1.6%
Parter B35 71 ENVE Min 0.61 -33.37 | -12.50 | -33.38 | -12.10 0.0% 3.3%
Parter B35 71 ENVE Min 1.08 -23.62 -1.60 -23.62 -1.40 0.0% 14.3%
Parter B35 71 ENVE Min 1.54 -12.50 6.10 -12.26 6.20 1.9% 1.6%
Parter B35 71 ENVE Min 2.00 -3.34 9.20 -3.10 9.20 7.7% 0.0%
Parter B35 71 ENVE Min 2.46 5.82 3.40 6.06 3.60 3.9% 5.6%
Parter B35 71 ENVE Min 2.93 13.57 -6.30 13.81 -6.00 1.7% 5.0%
Parter B35 71 ENVE Min 3.39 19.91 -19.30 20.15 -18.90 1.2% 2.1%
Parter B35 71 ENVE Min 3.85 24.84 -38.50 25.08 -38.50 0.9% 0.0%
Parter B36 72 ENVE Min 0.15 -23.00 | -12.10 | -22.96 | -11.70 0.2% 3.4%
Parter B36 72 ENVE Min 0.54 -18.86 -4.10 -18.82 -3.90 0.2% 5.1%
Parter B36 72 ENVE Min 0.94 -14.80 2.50 -14.36 2.50 3.0% 0.0%
Parter B36 72 ENVE Min 1.33 -10.70 5.50 -10.27 5.60 4.3% 1.8%
Parter B36 72 ENVE Min 1.33 2.08 5.80 2.29 5.80 9.5% 0.0%
Parter B36 72 ENVE Min 1.67 6.00 -0.70 6.22 -0.60 3.5% 16.7%
Parter B36 72 ENVE Min 2.01 10.68 -8.70 10.90 -8.50 2.0% 2.4%
Parter B36 72 ENVE Min 2.35 15.72 -18.40 15.94 -18.10 1.4% 1.7%
Parter B37 73 ENVE Min 0.15 -48.73 | -21.50 | -48.79 | -21.10 0.1% 1.9%
Parter B37 73 ENVE Min 0.60 -34.94 -6.70 -35.01 -6.50 0.2% 3.1%
Parter B37 73 ENVE Min 1.05 -19.66 4.20 -19.36 4.30 1.5% 2.3%
Parter B37 73 ENVE Min 1.50 -10.02 7.60 -9.73 7.70 3.0% 1.3%
Parter B37 73 ENVE Min 1.95 -1.72 2.00 -1.42 2.30 20.8% 13.0%
Parter B37 73 ENVE Min 2.40 3.92 -6.70 4.21 -6.30 7.0% 6.3%
Parter B37 73 ENVE Min 2.85 6.88 -17.40 7.18 -16.80 4.1% 3.6%
Parter B38 74 ENVE Min 0.15 -66.02 | -55.70 | -66.02 | -55.70 0.0% 0.0%
Parter B38 74 ENVE Min 0.63 -58.46 | -25.60 | -58.46 | -25.60 0.0% 0.0%
Parter B38 74 ENVE Min 1.11 -48.13 -5.00 -48.13 -4.70 0.0% 6.4%
Parter B38 74 ENVE Min 1.60 -35.08 9.00 -35.08 9.20 0.0% 2.2%
Parter B38 74 ENVE Min 2.08 -21.13 18.90 -21.13 19.00 0.0% 0.5%
Parter B38 74 ENVE Min 2.56 -7.50 24.60 -7.36 24.70 1.8% 0.4%
Parter B38 74 ENVE Min 3.04 1.19 24.80 1.33 24.90 10.2% 0.4%
Parter B38 74 ENVE Min 3.52 9.88 19.30 10.02 19.40 1.4% 0.5%
Parter B38 74 ENVE Min 4.00 18.57 9.50 18.71 9.70 0.7% 2.1%
Parter B38 74 ENVE Min 4.49 26.77 -4.40 26.90 -4.20 0.5% 4.8%
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Parter B38 74 ENVE Min 4.97 33.46 -24.60 33.60 -24.60 0.4% 0.0%
Parter B38 74 ENVE Min 5.45 38.63 -54.50 38.77 -54.50 0.4% 0.0%
Parter B39 75 ENVE Min 0.15 -51.09 | -42.10 | -51.10 | -42.10 0.0% 0.0%
Parter B39 75 ENVE Min 0.61 -43.89 | -20.40 | -43.90 | -20.10 0.0% 1.5%
Parter B39 75 ENVE Min 1.08 -34.13 -6.00 -34.14 -5.80 0.0% 3.4%
Parter B39 75 ENVE Min 1.54 -21.83 5.10 -21.84 5.20 0.0% 1.9%
Parter B39 75 ENVE Min 2.00 -11.70 10.40 -11.43 10.40 2.3% 0.0%
Parter B39 75 ENVE Min 2.46 -3.36 7.90 -3.09 8.10 8.5% 2.5%
Parter B39 75 ENVE Min 2.93 4.39 1.70 4.65 2.00 5.7% 15.0%
Parter B39 75 ENVE Min 3.39 10.73 -7.70 10.99 -7.30 2.4% 5.5%
Parter B39 75 ENVE Min 3.85 15.66 -19.80 15.92 -19.30 1.7% 2.6%
Parter B40 76 ENVE Min 0.15 -74.32 | -50.70 | -74.32 | -50.60 0.0% 0.2%
Parter B40 76 ENVE Min 0.63 -64.47 | -17.80 | -64.47 | -17.50 0.0% 1.7%
Parter B40 76 ENVE Min 1.12 -51.83 1.70 -51.82 1.90 0.0% 10.5%
Parter B40 76 ENVE Min 1.60 -36.45 16.70 -36.45 16.90 0.0% 1.2%
Parter B40 76 ENVE Min 2.08 -20.20 26.80 -20.19 26.90 0.0% 0.4%
Parter B40 76 ENVE Min 2.57 -5.25 31.80 -5.13 31.90 2.4% 0.3%
Parter B40 76 ENVE Min 3.05 5.15 31.80 5.27 31.80 2.3% 0.0%
Parter B40 76 ENVE Min 3.53 15.54 24.90 15.66 24.90 0.8% 0.0%
Parter B40 76 ENVE Min 4.02 25.94 12.20 26.06 12.30 0.5% 0.8%
Parter B40 76 ENVE Min 4.50 35.81 -5.40 35.93 -5.30 0.3% 1.9%
Parter B40 76 ENVE Min 4.50 35.31 -3.50 35.48 -3.40 0.5% 2.9%
Parter B40 76 ENVE Min 4.98 44.27 -32.40 44.44 -32.40 0.4% 0.0%
Parter B40 76 ENVE Min 5.45 52.18 -70.70 52.35 -70.70 0.3% 0.0%
Parter B41 77 ENVE Min 0.15 -50.53 | -51.40 | -50.55 | -51.50 0.0% 0.2%
Parter B41 7 ENVE Min 0.61 -45.29 | -29.10 | -45.31 | -29.10 0.1% 0.0%
Parter B41 7 ENVE Min 1.08 -36.35 | -12.30 | -36.38 | -12.10 0.1% 1.7%
Parter B41 77 ENVE Min 1.54 -24.87 -0.80 -24.89 -0.70 0.1% 14.3%
Parter B41 7 ENVE Min 2.00 -14.41 5.30 -14.13 5.30 2.0% 0.0%
Parter B41 7 ENVE Min 2.46 -7.29 4.20 -7.01 4.40 4.0% 4.5%
Parter B41 7 ENVE Min 2.93 -0.77 -0.20 -0.49 0.20 56.9% 200.0%
Parter B41 i ENVE Min 3.39 4.35 -7.20 4.63 -6.70 6.0% 7.5%
Parter B41 i ENVE Min 3.85 7.43 -16.10 7.71 -15.50 3.6% 3.9%
Parter B42 78 ENVE Min 0.15 -32.63 | -19.60 | -32.79 | -20.00 0.5% 2.0%
Parter B42 78 ENVE Min 0.60 -27.59 -7.80 -27.75 -8.00 0.6% 2.6%
Parter B42 78 ENVE Min 1.05 -18.91 2.10 -19.24 2.00 1.7% 4.8%
Parter B42 78 ENVE Min 1.50 -10.61 5.60 -10.94 5.60 3.1% 0.0%
Parter B42 78 ENVE Min 1.95 -2.31 0.40 -2.64 0.40 14.2% 0.0%
Parter B42 78 ENVE Min 2.40 3.33 -7.80 3.00 -8.00 9.8% 2.6%
Parter B42 78 ENVE Min 2.85 6.29 -18.10 5.96 -18.20 5.2% 0.6%
Parter B43 79 ENVE Min 0.15 -35.89 | -23.40 | -35.96 | -24.20 0.2% 3.4%
Parter B43 79 ENVE Min 0.60 -27.71 -9.80 -27.81 | -10.30 0.4% 5.1%
Parter B43 79 ENVE Min 1.05 -20.14 0.90 -20.79 0.60 3.2% 33.3%
Parter B43 79 ENVE Min 1.50 -11.79 6.30 -12.44 6.20 5.5% 1.6%
Parter B43 79 ENVE Min 1.95 -3.44 1.70 -4.10 1.40 19.0% 17.6%
Parter B43 79 ENVE Min 2.40 3.57 -6.40 2.92 -6.90 18.3% 7.8%
Parter B43 79 ENVE Min 2.85 9.25 -17.30 8.60 -18.10 7.1% 4.6%
Parter B44 80 ENVE Min 0.15 -67.83 | -60.70 | -67.83 | -60.70 0.0% 0.0%
Parter B44 80 ENVE Min 0.63 -62.25 | -29.10 | -62.25 | -29.10 0.0% 0.0%
Parter B44 80 ENVE Min 1.11 -52.32 -5.50 -52.33 -5.30 0.0% 3.8%
Parter B44 80 ENVE Min 1.60 -39.61 8.70 -39.61 8.90 0.0% 2.2%
Parter B44 80 ENVE Min 2.08 -25.49 19.30 -25.49 19.40 0.0% 0.5%
Parter B44 80 ENVE Min 2.56 -11.36 25.40 -11.36 25.40 0.0% 0.0%
Parter B44 80 ENVE Min 3.04 -1.92 24.90 -1.74 25.00 10.1% 0.4%
Parter B44 80 ENVE Min 3.52 6.07 20.60 6.24 20.80 2.8% 1.0%
Parter B44 80 ENVE Min 4.00 14.05 12.40 14.23 12.70 1.2% 2.4%
Parter B44 80 ENVE Min 4.49 21.26 0.50 21.44 0.90 0.8% 44.4%
Parter B44 80 ENVE Min 4.97 26.93 -14.50 27.11 -14.10 0.7% 2.8%
Parter B44 80 ENVE Min 5.45 30.21 -37.90 30.39 -37.90 0.6% 0.0%
Parter B45 81 ENVE Min 0.15 -34.39 | -16.50 | -34.19 | -16.40 0.6% 0.6%
Parter B45 81 ENVE Min 0.54 -31.88 -5.50 -31.68 -5.50 0.6% 0.0%
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Parter B45 81 ENVE Min 0.94 -28.40 4.70 -28.20 4.70 0.7% 0.0%
Parter B45 81 ENVE Min 1.33 -26.60 12.40 -26.40 12.30 0.8% 0.8%
Parter B45 81 ENVE Min 1.33 12.57 13.40 12.48 13.40 0.7% 0.0%
Parter B45 81 ENVE Min 1.67 13.89 3.60 13.80 3.60 0.6% 0.0%
Parter B45 81 ENVE Min 2.01 16.61 -6.80 16.52 -7.00 0.5% 2.9%
Parter B45 81 ENVE Min 2.35 18.60 -18.20 18.52 -18.50 0.5% 1.6%
Parter B46 82 ENVE Min 0.15 -24.44 | -14.70 | -24.42 | -14.70 0.1% 0.0%
Parter B46 82 ENVE Min 0.58 -20.94 -4.90 -20.93 -4.90 0.1% 0.0%
Parter B46 82 ENVE Min 1.02 -16.21 -0.30 -16.19 -0.30 0.1% 0.0%
Parter B46 82 ENVE Min 1.45 -10.24 -9.90 -10.23 -9.90 0.1% 0.0%
Parter B47 83 ENVE Min 0.15 -16.63 -9.80 -17.19 | -10.10 3.3% 3.1%
Parter B47 83 ENVE Min 0.58 -12.40 -3.50 -12.95 -3.60 4.5% 2.9%
Parter B47 83 ENVE Min 1.02 -9.40 -6.40 -9.95 -6.40 5.9% 0.0%
Parter B47 83 ENVE Min 1.45 -7.64 -15.00 -8.19 -15.30 7.3% 2.0%
Parter B48 84 ENVE Min 0.15 -20.55 | -18.50 | -20.53 | -17.90 0.1% 3.4%
Parter B48 84 ENVE Min 0.61 -17.03 -9.80 -16.72 -9.40 1.8% 4.3%
Parter B48 84 ENVE Min 1.08 -13.50 -2.70 -13.20 -2.50 2.3% 8.0%
Parter B48 84 ENVE Min 1.54 -9.98 2.70 -9.67 2.80 3.2% 3.6%
Parter B48 84 ENVE Min 2.00 -6.45 6.20 -6.14 6.20 5.0% 0.0%
Parter B48 84 ENVE Min 2.46 -2.92 3.20 -2.62 3.40 11.7% 5.9%
Parter B48 84 ENVE Min 2.93 0.60 -1.40 0.91 -1.10 33.6% 27.3%
Parter B48 84 ENVE Min 3.39 4.13 -7.60 4.43 -7.10 6.9% 7.0%
Parter B48 84 ENVE Min 3.85 7.65 -15.40 7.96 -14.90 3.8% 3.4%
Parter B49 85 ENVE Min 0.15 -29.23 | -18.40 | -29.21 | -18.90 0.1% 2.7%
Parter B49 85 ENVE Min 0.61 -22.27 -8.00 -22.25 -8.40 0.1% 5.0%
Parter B49 85 ENVE Min 1.08 -15.31 0.02 -15.29 -0.20 0.1% 902.9%
Parter B49 85 ENVE Min 1.54 -9.59 5.70 -9.88 5.50 3.0% 3.5%
Parter B49 85 ENVE Min 2.00 -4.44 8.90 -4.72 8.90 6.4% 0.0%
Parter B49 85 ENVE Min 2.47 0.72 7.80 0.43 7.70 39.6% 1.3%
Parter B49 85 ENVE Min 2.93 5.87 2.90 5.59 2.60 4.8% 10.3%
Parter B49 85 ENVE Min 2.93 9.81 3.20 9.75 2.90 0.6% 9.4%
Parter B49 85 ENVE Min 3.27 13.97 -3.40 13.92 -3.70 0.4% 8.8%
Parter B49 85 ENVE Min 3.61 18.84 -11.60 18.78 -11.90 0.3% 2.6%
Parter B49 85 ENVE Min 3.95 23.34 -21.30 23.28 -21.70 0.2% 1.9%
Parter B50 86 ENVE Min 0.15 -7.12 -6.50 -7.00 -6.30 1.6% 3.2%
Parter B50 86 ENVE Min 0.61 -5.96 -3.40 -5.85 -3.30 2.0% 3.0%
Parter B50 86 ENVE Min 1.08 -4.81 -1.00 -4.69 -0.90 2.5% 11.1%
Parter B50 86 ENVE Min 1.54 -3.65 1.00 -3.53 1.00 3.3% 0.0%
Parter B50 86 ENVE Min 2.00 -2.49 1.40 -2.38 1.40 4.9% 0.0%
Parter B50 86 ENVE Min 2.46 -1.34 0.20 -1.22 0.20 9.4% 0.0%
Parter B50 86 ENVE Min 2.93 -0.18 -1.60 -0.07 -1.40 173.8% 14.3%
Parter B50 86 ENVE Min 3.39 0.97 -3.90 1.09 -3.70 10.6% 5.4%
Parter B50 86 ENVE Min 3.85 2.13 -6.70 2.25 -6.40 5.1% 4.7%
Parter B51 87 ENVE Min 0.15 -10.30 -7.50 -10.53 -7.90 2.2% 5.3%
Parter B51 87 ENVE Min 0.63 -7.64 -3.20 -7.87 -3.40 3.0% 6.2%
Parter B51 87 ENVE Min 1.12 -4.98 -0.10 -5.21 -0.30 4.5% 200.0%
Parter B51 87 ENVE Min 1.60 -2.33 1.70 -2.55 1.60 9.7% 5.9%
Parter B51 87 ENVE Min 2.08 0.33 0.10 0.11 0.10 68.2% 0.0%
Parter B51 87 ENVE Min 2.57 2.99 -4.10 2.76 -4.20 7.6% 2.4%
Parter B51 87 ENVE Min 3.05 5.65 -9.50 5.42 -9.80 4.0% 3.2%
Parter B52 88 ENVE Min 0.15 -13.57 -8.90 -13.59 -8.60 0.2% 3.5%
Parter B52 88 ENVE Min 0.61 -10.43 -3.90 -10.45 -3.70 0.2% 5.4%
Parter B52 88 ENVE Min 1.08 -6.66 -0.10 -6.48 0.01 2.9% 905.2%
Parter B52 88 ENVE Min 1.54 -3.46 2.30 -3.28 2.30 5.7% 0.0%
Parter B52 88 ENVE Min 2.00 -0.26 2.20 -0.08 2.20 250.0% 0.0%
Parter B52 88 ENVE Min 2.46 2.94 -1.80 3.13 -1.70 6.0% 5.9%
Parter B52 88 ENVE Min 2.93 6.14 -7.30 6.33 -7.10 3.0% 2.8%
Parter B52 88 ENVE Min 3.39 9.22 -14.60 9.41 -14.60 2.0% 0.0%
Parter B52 88 ENVE Min 3.85 11.15 -25.50 11.34 -25.50 1.7% 0.0%
Parter B53 89 ENVE Min 0.00 -8.39 -1.10 -8.39 -1.10 0.0% 0.0%
Parter B53 89 ENVE Min 0.50 -6.03 1.60 -6.04 1.60 0.1% 0.0%
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Parter B53 89 ENVE Min 1.00 -0.69 2.60 -0.69 2.60 0.5% 0.0%
Parter B53 89 ENVE Min 1.50 2.87 1.70 2.88 1.70 0.2% 0.0%
Parter B53 89 ENVE Min 2.00 4.33 -0.40 4.34 -0.40 0.2% 0.0%
Parter B54 90 ENVE Min 0.00 -5.99 -0.60 -5.98 -0.60 0.1% 0.0%
Parter B54 90 ENVE Min 0.50 -3.63 1.00 -3.62 1.00 0.2% 0.0%
Parter B54 90 ENVE Min 1.00 -0.16 1.70 -0.17 1.70 1.7% 0.0%
Parter B54 90 ENVE Min 1.50 2.12 0.90 2.12 0.90 0.1% 0.0%
Parter B54 90 ENVE Min 2.00 3.58 -1.00 3.58 -1.00 0.1% 0.0%
Parter B58 95 ENVE Min 0.00 -5.60 -1.70 -5.60 -1.70 0.1% 0.0%
Parter B58 95 ENVE Min 0.39 -4.02 -0.30 -4.02 -0.30 0.1% 0.0%
Parter B58 95 ENVE Min 0.78 -1.50 0.50 -1.48 0.50 1.3% 0.0%
Parter B58 95 ENVE Min 1.17 -0.50 0.60 -0.48 0.70 3.9% 14.3%
Parter B59 96 ENVE Min 0.00 -21.40 -5.50 -21.40 -5.50 0.0% 0.0%
Parter B59 96 ENVE Min 0.50 -19.04 1.80 -19.04 1.80 0.0% 0.0%
Parter B59 96 ENVE Min 1.00 -14.37 6.90 -14.37 7.00 0.0% 1.4%
Parter B59 96 ENVE Min 1.50 -9.53 10.70 -9.53 10.70 0.0% 0.0%
Parter B59 96 ENVE Min 2.00 -4.69 13.00 -4.69 13.00 0.0% 0.0%
Parter B59 96 ENVE Min 2.50 -0.39 13.90 -0.37 13.90 5.2% 0.0%
Parter B59 96 ENVE Min 3.00 2.43 13.40 2.45 13.40 0.8% 0.0%
Parter B59 96 ENVE Min 3.50 5.26 11.20 5.28 11.20 0.4% 0.0%
Parter B59 96 ENVE Min 4.00 8.09 7.50 8.11 7.50 0.2% 0.0%
Parter B59 96 ENVE Min 4.50 10.92 2.30 10.94 2.30 0.2% 0.0%
Parter B60 97 ENVE Min 0.00 15.15 0.40 15.10 0.40 0.3% 0.0%
Parter B60 97 ENVE Min 0.37 17.67 -8.30 17.62 -8.30 0.3% 0.0%
Parter B60 97 ENVE Min 0.73 20.56 -20.10 20.51 -20.10 0.2% 0.0%
Parter B60 97 ENVE Min 1.10 21.91 -33.20 21.86 -33.20 0.2% 0.0%
Parter B61 98 ENVE Min 0.00 -23.72 | -32.60 | -23.72 | -32.60 0.0% 0.0%
Parter B61 98 ENVE Min 0.50 -21.36 | -21.20 | -21.37 | -21.20 0.0% 0.0%
Parter B61 98 ENVE Min 1.00 -17.05 | -11.60 | -17.05 | -11.60 0.0% 0.0%
Parter B61 98 ENVE Min 1.50 -12.69 -4.20 -12.69 -4.20 0.0% 0.0%
Parter B61 98 ENVE Min 2.00 -8.33 0.30 -8.33 0.30 0.0% 0.0%
Parter B61 98 ENVE Min 2.50 -3.97 2.00 -3.97 2.00 0.0% 0.0%
Parter B61 98 ENVE Min 3.00 -0.31 2.40 -0.29 2.40 7.2% 0.0%
Parter B61 98 ENVE Min 3.50 2.23 1.50 2.25 1.50 0.9% 0.0%
Parter B61 98 ENVE Min 4.00 3.69 -0.40 3.71 -0.40 0.6% 0.0%
Parter B70 176 ENVE Min 0.15 -21.58 | -11.00 | -21.60 | -10.90 0.1% 0.9%
Parter B70 176 ENVE Min 0.56 -16.69 -3.10 -16.71 -3.10 0.1% 0.0%
Parter B70 176 ENVE Min 0.97 -10.70 2.50 -10.72 2.60 0.2% 3.8%
Parter B70 176 ENVE Min 1.37 -3.62 2.50 -3.64 2.40 0.5% 4.0%
Parter B70 176 ENVE Min 1.78 4.45 -3.80 4.43 -3.80 0.4% 0.0%
Parter B70 176 ENVE Min 2.19 12.69 -13.40 12.67 -13.40 0.2% 0.0%
Parter B71 177 ENVE Min 0.15 -26.36 | -12.90 | -25.60 | -12.40 3.0% 4.0%
Parter B71 177 ENVE Min 0.54 -18.74 -4.20 -17.99 -3.90 4.2% 7.7%
Parter B71 177 ENVE Min 0.93 -12.09 1.30 -11.33 1.20 6.7% 7.7%
Parter B71 177 ENVE Min 1.32 -6.44 -4.50 -5.68 -4.30 13.3% 4.7%
Parter B71 177 ENVE Min 1.71 -1.79 -12.30 -1.03 -11.80 73.4% 4.2%
Parter B14 58 ENVE Min 0.15 -64.38 | -27.80 | -64.38 | -27.40 0.0% 1.5%
Parter B14 58 ENVE Min 0.61 -51.25 -7.80 -51.25 -7.40 0.0% 5.4%
Parter B14 58 ENVE Min 1.08 -33.91 7.40 -33.91 7.60 0.0% 2.6%
Parter B14 58 ENVE Min 1.54 -16.14 17.30 -16.15 17.40 0.0% 0.6%
Parter B14 58 ENVE Min 2.00 -4.24 21.90 -3.96 21.90 7.0% 0.0%
Parter B14 58 ENVE Min 2.46 7.24 16.90 7.52 17.00 3.7% 0.6%
Parter B14 58 ENVE Min 2.93 18.72 6.00 19.00 6.20 1.5% 3.2%
Parter B14 58 ENVE Min 3.39 29.97 -10.20 30.24 -9.80 0.9% 4.1%
Parter B14 58 ENVE Min 3.85 38.89 -33.40 39.17 -33.40 0.7% 0.0%
Parter B69 92 ENVE Min 0.15 -35.47 | -16.20 | -34.57 | -15.50 2.6% 4.5%
Parter B69 92 ENVE Min 0.58 -27.89 -2.40 -27.00 -2.00 3.3% 20.0%
Parter B69 92 ENVE Min 1.02 -18.15 3.90 -17.26 4.00 5.2% 2.5%
Parter B69 92 ENVE Min 1.45 -8.10 -6.20 -7.21 -5.60 12.4% 10.7%
Parter B72 103 ENVE Min 0.15 -0.56 -10.20 0.51 -9.60 208.6% 6.3%
Parter B72 103 ENVE Min 0.58 4.73 -15.60 5.79 -15.50 18.4% 0.6%
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Parter B72 103 ENVE Min 1.02 9.70 -34.10 10.77 -34.20 9.9% 0.3%
Parter B72 103 ENVE Min 1.45 12,51 -55.70 13.58 -55.90 7.9% 0.4%

Pentru exemplificare grafica, se prezinta comparativ diagrame de momente
incovoietoare si forte taietoare pentru cateva grinzi selectate:
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TABLE: Element Forces - Beams

Model 1 tigla romana| Model 2 tigla metalica

Story Beam Unique Output Case Type Step | Station V2 M3 V2 M3

Name Case Type m kN kN-m kN kN-m
Parter B1 37 ENVE | Combination Min 0.2 -10.384 [ -12.200 -10.356 -11.800
Parter Bl 37 ENVE | Combination Min 0.6 -9.062 -7.600 -8.886 -7.300
Parter Bl 37 ENVE | Combination Min 1.1 -7.821 -3.600 -7.646 -3.400
Parter Bl 37 ENVE | Combination Min 1.6 -6.581 -0.200 -6.405 -0.100
Parter B1 37 ENVE | Combination Min 2.0 -5.340 2.600 -5.165 2.600
Parter B1 37 ENVE | Combination Min 25 -4.100 3.800 -3.924 3.800
Parter Bl 37 ENVE | Combination Min 3.0 -2.859 2.900 -2.684 3.000
Parter Bl 37 ENVE | Combination Min 3.5 -1.619 1.400 -1.443 1.500
Parter B1 37 ENVE | Combination Min 3.9 -0.378 -0.700 -0.202 -0.500
Parter Bl 37 ENVE | Combination Min 44 0.863 -3.300 1.038 -3.000
Parter Bl 37 ENVE | Combination Min 4.9 2.103 -6.600 2.279 -6.200
Parter Bl 37 ENVE | Combination Min 5.4 3.344 -10.400 3.519 -10.000
Parter B1 37 ENVE | Combination Max 0.2 -4.933 -0.600 -5.066 -0.800
Parter Bl 37 ENVE | Combination Max 0.6 -3.692 1.500 -3.826 1.300
Parter Bl 37 ENVE | Combination Max 1.1 -2.452 2.900 -2.585 2.800
Parter Bl 37 ENVE | Combination Max 1.6 -1.211 3.800 -1.345 3.700
Parter Bl 37 ENVE | Combination Max 2.0 0.029 4.400 -0.104 4.500
Parter B1 37 ENVE | Combination Max 25 1.270 5.800 1.136 5.800
Parter Bl 37 ENVE | Combination Max 3.0 2.511 6.500 2.377 6.400
Parter Bl 37 ENVE | Combination Max 3.5 3.751 7.500 3.617 7.300
Parter Bl 37 ENVE | Combination Max 3.9 4.992 8.000 4.858 7.700
Parter B1 37 ENVE | Combination Max 4.4 6.232 7.900 6.099 7.500
Parter Bl 37 ENVE | Combination Max 4.9 7.473 7.200 7.339 6.700
Parter Bl 37 ENVE | Combination Max 5.4 8.713 5.900 8.580 5.400

Comparatie diagrama infasuratoare de momente incovoietoare grinda B1

e H H ' HH‘

Lungime grinda [m]
B Model 1 tigla romana min [ Model 2 tigla metalica min
B Model 1 tigla romana max [ Model 2 tigla metalica max
Comparatie diagrama infasuratoare de forte taietoare grinda B1
o)1z 44 49

Lungime grinda [m)]

B Model 1 tigla romana min

W Model 1 tigla romana max
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TABLE: Element Forces - Beams

Model 1 tigla romana| Model 2 tigla metalica
Story | Beam Unique | Output Case Type Step | Station V2 M3 V2 M3
Name Case Type m kN KN-m kN kN-m
Parter B19 55 ENVE [Combination Max 0.2 -49.979 | -40.300 -50.190 -40.700
Parter B19 55 ENVE [Combination Max 0.6 -46.792 | -17.300 -47.004 -17.600
Parter B19 55 ENVE [Combination Max 1.1 -40.661 3.500 -40.872 3.200
Parter B19 55 ENVE [Combination Max 1.6 -31.584 | 32.500 -31.795 32.500
Parter B19 55 ENVE [Combination Max 2.0 -19.568 | 57.200 -19.779 57.200
Parter B19 55 ENVE [Combination Max 25 -6.029 70.900 -6.240 70.900
Parter B19 55 ENVE [Combination Max 3.0 7.521 73.200 7.310 73.200
Parter B19 55 ENVE [Combination Max 3.5 31.556 64.000 31.523 64.000
Parter B19 55 ENVE [Combination Max 3.9 53.006 43.800 52.973 43.800
Parter B19 55 ENVE [Combination Max 4.4 69.120 15.800 69.086 15.400
Parter B19 55 ENVE [Combination Max 4.9 79.888 -2.400 79.854 -2.900
Parter B19 55 ENVE [Combination Max 5.4 85.310 | -22.800 85.276 -23.400
Parter B19 55 ENVE [Combination Min 0.2 -94.863 | -84.800 -94.896 -84.900
Parter B19 55 ENVE [Combination Min 0.6 -89.441 | -41.000 -89.474 -41.100
Parter B19 55 ENVE [Combination Min 1.1 -78.673 -4.800 -78.706 -4.600
Parter B19 55 ENVE [Combination Min 1.6 -62.559 | 15.700 -62.593 15.800
Parter B19 55 ENVE [Combination Min 2.0 -41.109 | 31.200 -41.143 31.200
Parter B19 55 ENVE [Combination Min 2.5 -16.894 | 39.000 -16.928 39.000
Parter B19 55 ENVE [Combination Min 3.0 0.562 38.600 0.724 38.700
Parter B19 55 ENVE [Combination Min 3.5 14.101 31.900 14.263 32.100
Parter B19 55 ENVE [Combination Min 3.9 26.117 18.900 26.279 19.300
Parter B19 55 ENVE [Combination Min 4.4 35.194 1.000 35.355 1.500
Parter B19 55 ENVE |Combination| Min 4.9 41.326 | -20.700 | 41.487 -20.600
Parter B19 55 ENVE [Combination Min 54 44512 | -60.000 44674 -59.900
Comparatie diagrama infasuratoare de momente incovoietoare grinda
B19
BO
&0
40
e = Nl IHH
4
- o H“ll.. . . ..|I|||||H
= 02 0.6 11 ””“HMH ”Hilu“l““w 49 5[4
s -0 .6 . L ) - 9 5
-60
-80
-100
Lungime grinda [m]
W Maodel 1 tigha romana min Maodel 2 tigla metalica min
B Model 1 tige romana max 0 Model 2 tigla metalica max
Comparatie diagrama infasuratoare de forte taietoare grinda B19
100
B0
60
40 T
20
£ 0 gt
. _2,..lDZ 0l ma ALA 20 2|5 3.0 35 3.9 4.4 49 54
>
-4:.
. _ﬂ_,-—"fff
-0 ____Iﬂ___
-0 [
-120

Lungime grinda [m]
m Model 1 tigla romana min

m Maodel 1 tigla romana max
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TABLE: Element Forces - Beams

Model 1 tigla romana| Model 2 tigla metalica
Story Beam Unique Output Case Type Step Station V2 M3 V2 M3
Name Case Type m kN kN-m kN kN-m
Parter B27 63 ENVE [ Combination Max 0.2 -32.184 | -24.300 -32.347 -24.700
Parter B27 63 ENVE [ Combination Max 0.6 -28.702 -9.600 -28.866 -9.900
Parter B27 63 ENVE [ Combination Max 1.1 -23.691 3.100 -23.855 2.800
Parter B27 63 ENVE [ Combination Max 1.6 -17.151 ] 17.400 -17.315 17.400
Parter B27 63 ENVE [ Combination Max 2.1 -9.831 30.400 -9.995 30.400
Parter B27 63 ENVE [ Combination Max 2.6 -2.511 37.500 -2.675 37.500
Parter B27 63 ENVE [ Combination Max 3.0 4.808 38.700 4.645 38.700
Parter B27 63 ENVE [ Combination Max 3.5 15.831 34.000 15.826 34.000
Parter B27 63 ENVE [ Combination Max 4.0 28.077 23.500 28.072 23.500
Parter B27 63 ENVE [ Combination Max 4.5 38.907 9.400 38.902 9.200
Parter B27 63 ENVE [ Combination Max 5.0 46.961 -1.800 46.956 -2.200
Parter B27 63 ENVE [ Combination Max 55 52.238 | -15.100 52.233 -15.500
Parter B27 63 ENVE [ Combination Min 0.2 -57.312 | -51.000 -57.317 -51.000
Parter B27 63 ENVE [ Combination Min 0.6 -52.034 | -24.600 -52.039 -24.600
Parter B27 63 ENVE [ Combination Min 1.1 -43.981 -4.500 -43.985 -4.200
Parter B27 63 ENVE [ Combination Min 1.6 -33.150 8.000 -33.155 8.100
Parter B27 63 ENVE [ Combination Min 2.1 -20.905 | 17.000 -20.910 17.100
Parter B27 63 ENVE [ Combination Min 2.6 -8.659 22.400 -8.664 22.400
Parter B27 63 ENVE [ Combination Min 3.0 -0.461 21.900 -0.305 21.900
Parter B27 63 ENVE [ Combination Min 3.5 6.859 17.800 7.015 17.900
Parter B27 63 ENVE [ Combination Min 4.0 14.178 10.200 14.335 10.400
Parter B27 63 ENVE [ Combination Min 4.5 20.719 -0.800 20.875 -0.500
Parter B27 63 ENVE [ Combination Min 5.0 25.730 [ -14.600 25.886 -14.200
Parter B27 63 ENVE [ Combination Min 5.5 29.211 | -37.600 29.367 -37.600
Comparatie diagrama infasuratoare de momente incovoietoare grinda
B27
&0 [
-
—. 2D |
W 10
2 0 [ B— | |H
= o0 0.6 : 1I:||| |||! a6 'm AE | Al s 5.0 A
20
-30
a0
50
Lungime grinda [m]
W Model 1 tighs romana i Model 2 tigh metalica min
mModel 1 tigls romana max [ Model 2 tigh metalica max
Comparatie diagrama infasuratoare de forte taietoare grinda B27
60
&4
20 P
2' 0 1
— u] s 1 1 LG hah | 16 3.0 3.5 40 45 5.0 5[5
TR
= N i
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Lungime grinda [m]
m Model 1 tigls romana mir Maodel 2 tigls metalica min
m Model 1 tigla romana max Model 2 tigh metalica max
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4.3. COMPARATII GLOBALE ELEMENTE DE BETON
ARMAT

Asa cum se poate observa din comparatiile realizate anterior, eforturile
dezvoltate n stalpi in cadrul celor doua modele de calcul sunt aproximativ similare.
In cazul diferentelor procentuale mari se observéa ca acestea corespund unor valori
extrem de reduse ale fortelor sau momentelor, astfel acestea trebuie neglijate.
Diferentele constatate la baza sunt in medie de aprox. 5%, respectiv in cazul
momentelor incovoietoare cea mai mare diferenta este de 1.3 kNm, iar a fortelor
taietoare este de 0,9 kN. Aceste diferente nu influenteaza si nu modifica in niciun
fel armarea elementelor verticale. Armarile rezultate pe stalpi in ambele modele de
calcul sunt armari minime si au fost dispuse din conditiile constructive prevazute in
normativul P100/1-2013 (procent minim de armare).

in cazul grinzilor din beton armat, diferentele de eforturi sunt in medie de
cca. 4%, acestea fiind armate preponderent din procente minime, respectand
conditiile constructive impuse de cod. Grinzile lungi din cadrul planseului de peste
parter sunt dimensionate din gruparea fundamentala de incarcari in ambele modele
de calcul, armarile rezultate fiind similare. La nivelul centurilor si grinzilor de la
mansarda, modificarea greutatii invelitorii nu influenteaza semnificativ starea de
eforturi din elementele orizontale si inclinate din beton armat, armarea rezultata
fiind similaréd in ambele modele. In mod concret, la grinzile peste parter cea mai
mare diferenta de momente incovoietoare este de 0,9 kNm, iar de forta taietoare
este de 1,2 kN.

La nivelul planseului de beton armat de peste parter nu sunt diferente in ceea
ce priveste armarea placii intrucat modificarea greutatii invelitorii nu influenteaza in
niciun fel starea de eforturi din placa (elementele sarpantei reazema direct pe grinzi
si centuri).

In concluzie, in ceea ce priveste elementele din beton armat, dimensiunile
sectionale ale acestora si armarile in ambele modele sunt identice.

Este important de mentionat faptul ca practica de proiectare curenta are in
vedere pe de o parte acoperirea conditiilor constructive impuse de codurile de
proiectare si pe de altd parte dimensionarea la eforturi provenite din combinatiile
de incarcari. Studiul realizat a pus Tn evidenta faptul ca elementele sunt armate
preponderent din procente minime de armare, respectiv din conditii constructive. In
cazurile unde s-au efectuat dimensionari din eforturi rezultate ca urmare a efectelor
combinatiilor de incarcari, valorile eforturilor rezultate in cele doua modele sunt
extrem de apropiate, iar armarea selectata pe baza dimensionarii de efort acopera
o plaja mult mai mare de valori.

In mod concret, daca ne raportam la grinzi, acolo unde s-au observat cele
mai mari diferente de eforturi si privim din prisma valorilor absolute trebuie precizat

131



GADO CONS CONSTRUCT S.R.L.

STUDIU TEHNIC PRIVIND EFICIENTA ECONOMICA A UTILIZARII INVELITORILOR DE TIP BRAMAC PRIN STUDIU
ANALIZA INFLUENTELOR STRUCTURALE GENERATE DE TIPUL DE INVELITOARE ASUPRA SISTEMULUI TEHNIC
STRUCTURAL AL UNEI CLADIRI CU REGIM DE INALTIME P+M

ca diferentele au rezultat ca urmare a momentului din modelul 1 — ,tigla romana” cu
valoarea 20.4 kNm si a momentului din modelul 2 — tigla metalicd” cu valoarea de
19,50 kNm. Similar, in cazul fortei taietoarea, in modelul 1 valoarea acesteia este
de 34,98 kN, iar in cel de al doilea model este de 33,82 kN. In consecinta, armarea
longitudinala si transversala dispusa pe baza verificarilor de rezistenta nu poate sa
fie aleasa diferit pentru o diferenta atat de mica de eforturi. De exemplu armarea
minima dispusa din conditii constructive conduce la o capacitate la moment
Tncovoietor de cca. 40 KNm.

in cazul grinzilor cu valori ale momentelor de proiectare mai mari decat
capacitatea obtinuta din procente minime, diferente de pana in 1 kNm se pastreaza
intre cele doua modele analizate. De exemplu cel mai mare moment de proiectare
obtinut pe o grinda in modelul 1 — ,tigld romana” este 84,90 kNm, iar in cazul
aceeasi grinda in modelul 2 — ,tigld metalica”, momentul de proiectare este 84,80
kNm. Tn consecinta, armarea dispusa este identica in ambele cazuri.
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4.4. COMPARATII ELEMENTE SARPANTA

Prezentarea comparativa a sagetii si momentul de calcul pentru un caprior
curent si pentru o pana intermediara in cele doua cazuri dimensionate.

Capriorii au sectiunea de 5x20 cm in ambele modele, iar distanta la care
sunt dispusi este de 60 cm interax In cazul modelului 1 cu invelitoare din tigla
romana, respectiv 70 cm interax in cazul modelului 2 cu invelitoare din tigla

metalica.

Capriori 5x20cm

Model 1 tigla romana

Model 2 tigla metalica

d=60cm interax

d=70cm interax

Sageata [mm] Sageata [mm] Sageata adm L/250 [mm]
12.672 10.713 13.622
My[KNm] My[KNm]

2.837 2.72

[ =]
]

Comparatie sageata capriori

B Sageata adm L /250 [mm]

B

Sageata [mm]

Model 2 tigla metalica

m Modei 1 tigla romana

Comparatie moment Incovoietor capriori

(=]
=
]

Model 2 tigla metalica

15
My [KNm]
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Panele intermediare au sectiunea de 10x30 cm Tn ambele modele.

Model 1 tigla romana| Model 2 tigla metalica
Sageata [mm] Sageata [mm] Sageata adm L/250 [mm]
Pana 10x30cm 13.949 10.474 16
My[KNm] My[KNm]
12.296 10.028

Comparatie sageata pana

0 2 4 6 8 10 12 14
Sageata [mm]
m Sageata adm L/250 [mm] Model 2 tigla metalica m Model 1 tigk romana

Comparatie moment incovoietor pana

b B 10 12

=]
B
£

My [KNm]

Model 2 tigha metalica wm Model 1 tigla romana

5. CONSUMURI DE MATERIAL

Consumurile de materiale, respectiv beton, otel si material lemnos sunt
prezentate comparativ sub forma tabelara si grafica. Astfel, asa cum se poate
observa, in ceea ce priveste consumul de beton si de otel (armaturi in elementele
structurale de beton armat) nu existd diferente intre cele doud modele. In
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consecinta, tipul diferit de Tnvelitoare utilizat (invelitoare din tigla de beton — model
1 tigla romana vs. invelitoare din tigla metalica — model 2) nu modifica sectiunile
elementelor si armarea acestora.

Se inregistreaza o scadere a consumului de material lemnos utilizat la
sarpanta cu cca. 7.56% in cazul modelului 2 cu invelitoare din tigla metalica fata de
modelul 1 cu Tnvelitoare din tigla romana (8.44 m3 lemn Tn modelul 2 cu invelitoare
din tigla metalica vs. 9.13 m3 lemn in cazul modelului 1 cu invelitoare din tigla
romana). Acest consum de materiale cuprinde elementele care intra in alcatuirea
sarpantei, respectiv capriori, pane, clesti si popi. In ceea ce priveste consumul de
astereala, acesta este identic intrucat pentru acest element s-a utilizat scandura de
brad uzuala (material folosit in mod curent pe plan local).

Asa cum se poate observa in tabelul de mai jos consumul de material lemnos
ce intra in alcatuirea structurii sarpantei in cele doua modele este aproximativ
similar cu consumul de material lemnos necesar pentru astereala. In consecinta,
daca ne raportam la consumul total de material lemnos se inregistreaza o diferenta
procentuala de cca. 4% in cazul invelitorii cu tigla metalica fata de tigla romana.

Cantitate
Descriere articol comasat Urvutatg Model 1 tigl& Model 2 Diferente
masura ! tigla !
romana - procentuale
metalica

Armatura BST500C stalpi supra kg 2775.82 2775.82 0%
Beton C20/25 stalpi supra m3 15.10 15.10 0%
Armatura BST500C grinzi Parter kg 1636.32 1636.32 0%
Beton C20/25 grinzi Parter m3 17.38 17.38 0%
Armatura BST500C planseu peste parter kg 1489.99 1489.99 0%
Beton C20/25 planseu peste parter m3 16.23 16.23 0%
Armatura BST500C grinzi si centuri Mansarda kg 1191.99 1191.99 0%
Beton C20/25 grinzi si centuri Mansarda m3 13.07 13.07 0%
Armatura BST500C scari kg 199.92 199.92 0%
Beton C20/25 scari m3 2.00 2.00 0%
Elemente sarpanta lemn mc 9.13 8.44 7.56%
Astereala mc 8.23 8.23 0%
Total otel BST 500S kg 7294 7294 0%
Total beton C20/25 m3 64 64 0%
Total elemente lemn astereala + sarpanta mc 17.36 16.67 3.97%
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Comparatie consum beton

70
65
60
55
50
45
40
35
30
25
20
15
10

Consum total beton [m3]

W Model 1 tiglaromana  ® Model 2 tigla metalica

Comparatie consum otel

7000
6000
5000
4000
3000

2000

Consum total otel [kg]

1000

B Model 1 tiglaromana  ® Model 2 tigla metalica
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Comparatie consum lemn sarpanta

9.5 7.56%
9.0 I/
8.5

Consum lemn sarpanta [mc]
(951
o

W Model 1 tigla romana M Model 2 tigla metalica

Comparatie consum lemn astereala

=
o

N Wb 1O N 0 L

Consum lemn astereala [mc]

B Model 1 tiglaromana ™ Model 2 tigla metalica
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Comparatie consum total lemn sarpanta si astereala

20
19 3.97%
18
17 T
ey 16
£ 15
© 14
b= 13
s 12
o 11
hia 10
£ 9
o 8
£ 7
z s
S 2
3
2
1
0
H Model 1 tigla romana Model 2 tigla metalica
Model 1 tigla romana Model 2 tigla metalica
Lungime Volume_ Lungime Volume_
Sectiuni transversale 9 construite 9 construite
m} (m?] L] (m?]
Elemente lemn, otel 104.10 1.04 104 1.04
100/100 Popi 5.54 0.06 6 0.06
Total 109.64 1.10 110 1.10
Elemente lemn, otel 21.27 0.32 21 0.32
100/150
Total 21.27 0.32 21 0.32
Elemente lemn, otel 20.61 0.83 21 0.83
100/400
Total 20.61 0.83 21 0.83
Capriori 74.18 0.56 65 0.49
50/150
Total 74.18 0.56 65 0.49
Cleste 39.54 0.15 35 0.13
25/150
Total 39.54 0.15 35 0.13
Capriori 496.15 4.96 436 4.36
50/200
Total 496.15 4.96 436 4.36
Elemente lemn, otel 40.60 1.22 41 1.22
100/300
Total 40.60 1.22 41 1.22
Total 801.96 9.12 728 8.44
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6. CONCLUZII

Prezentul studiu tehnic a fost intocmit la solicitarea beneficiarului BMI
ROMANIA SISTEME DE INVELITORI S.R.L. in scopul determinarii eficientei
economice n cazul utilizarii invelitorilor de tip ,Bramac”.

In cadrul studiului tehnic s-au analizat influentele generate de tipul invelitorii
asupra sistemului structural al unei cladiri, respectiv cuantificarea acestora sub
forma de consumuri de material. Astfel, studiul a analizat prin calcul structural o
constructie cu regim de inaltime P+M si functiune de locuinta situatd intr-un
amplasament cu hazard seismic moderat (a§25 = 0,20g) si cu o valoare
caracteristica de incarcare din zdpada Sk=2.00 kN/m?, valoare care acopera
majoritatea zonelor din Romania. In ceea ce priveste invelitoarea, studiul tehnic a
analizat comparativ constructia precizata anterior atat intr-o solutie cu invelitoare
din tigla romana, cat si o solutie de invelitoare din tigla metalica.

Proiectarea elementelor structurale si modelarea actiunii seismice s-a facut
in acord cu prevederile normativului de proiectare seismica a cladirilor in vigoare
P100-1/2013. Avand in vedere tendinta codurilor de proiectare la nivel global, la
solicitarea beneficiarului s-a considerat o cerinta de performanta superioara care
sa aiba in vedere un interval mediu de recurenta IMR de 475 de ani. Astfel, pentru
obtinerea valorilor de proiectare ale fortelor seismice s-au utilizat factorii de scalare
pentru acceleratia terenului conform normativului pentru evaluarea seismica a
constructiilor existente in vigoare P100-3/2019. In consecinta, acceleratia de
proiectare a terenului considerata in amplasamentul studiat este de ag75 = 0,27g.

Asa cum a fost prezentat in capitolele anterioare, tipul invelitorii utilizate la o
constructie cu regim de inaltime redus, amplasata intr-un amplasament cu hazard
seismic moderat nu influenteaza dimensionarea elementelor din beton armat. in
consecinta, utilizarea unei invelitori din beton de tip tigla romana nu a condus la
consumuri suplimentare de otel si beton fata de modelul cu tigla metalica. Acest
aspect s-a datorat faptului ca majoritatea elementelor de beton au fost
dimensionate din conditii constructive, respectiv din procente minime de armare. in
ceea ce priveste dimensiunile sectionale ale elementelor acestea au fost stabilite
prin predimensionare pe conditii minime de rigiditate. Eforturile inregistrate ca efect
al combinatiilor de Tncarcari in cele doua modele analizate au fost in mare masura
similare, obtinandu-se diferente nesemnificative. Privind prin prisma valorilor
absolute de eforturi, diferente de 1...2 kKNm Tn cazul unui moment incovoietor nu pot
modifica armarea longitudinala a unui element de beton armat.

Din perspectiva elementelor de lemn care alcatuiesc sarpanta, studiul tehnic
a pus in evidenta faptul ca diferentele de greutate dintre cele doua tipuri de invelitori
dispuse in modelele analizate nu conduc la cresteri insemnate de material lemnos.
Elementele principale care au cel mai mare aport in consumul de material lemnos,
respectiv capriorii, sunt solicitati preponderent la incovoiere. Astfel, aportul cel mai
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insemnat in dimensionarea sectiunilor acestora il are incarcarea provenita din
zapada, valoarea acesteia fiind net superioara greutétii invelitorii. In mod similar,
incarcarea din zapada dimensioneaza sectiunile panelor. Dispunerea la un pas
optim al elementelor de tip caprior (60...70 cm)in cadrul invelitorilor din tigld romana
nu conduce la majorari de sectiune pentru astereala folositd in mod curent in
Romania, respectiv scandura de brad.

Totodata, studiul tehnic a pus in evidenta faptul ca dimensionarea
elementelor supuse preponderent la incovoiere este de cele mai multe ori rezultata
din conditii de limitare a deformatiilor. n acest sens, conceptul arhitectural —
structural pentru limitarea deschiderilor si alcatuirea spatiala a acoperisului
(volumetria acestuia) reprezinta un aspect definitoriu in dimensionarea sectiunilor
de lemn.

Analizele realizate pe modelele supuse studiului au pus in evidenta un
consum suplimentar de material lemnos de cca. 8% in cazul utilizarii invelitorii de
tip tiglda romana faté de utilizarea invelitorii din tigla metalica. Este important de
precizat ca acest procent a fost obtinut prin raportarea diferentelor obtinute numai
la elementele principale care alcatuiesc structura sarpantei, fara a include astereala
care are un aport de cca. 50% din consumul total de material lemnos. Astfel, daca
ne referim la o diferenta globald de material care sa includa si astereala diferenta
de consum dintre cele doua modele in care s-au utilizat cele doua tipuri de invelitori
este de cca. 4%. In ceea ce priveste astereala, trebuie mentionat ca in practica
curenta de proiectare utilizarea scandurii de brad este cea mai comuna solutie si
nu se dispun dimensiuni diferite pentru acest tip de element intrucat costurile
generate de propunerea unor sectiuni diferite conduc la cresteri de pret insemnate.

in concluzie, influentele generate de utilizarea unei invelitori de tip tigla
romana fata de utilizarea unei invelitori de tip tigla metalica in termeni de consumuri
de material a pus in evidenta numai consumuri suplimentare de material lemnos.
Diferentele obtinute in consumul global de lemn se situeazd sub 5% pentru
modelele analizate ceea ce conduce la concluzia cad in economia investitiei
generale costul suplimentar generat de aceste consumuri este neglijabil. Astfel,
decizia privind utilizarea unui anumit tip de invelitoare trebuie sa aiba in vedere in
primul rand durabilitatea materialului si costurile de Tintretinere Tn conditii de
exploatare normala pe termen lung.
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