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Workers only

Closed rooms

Openspaces

Private spaces

Commercial

ENTRANCE AREA 3270 m2

IMAGINARIUM 2650 m2

COMERCIAL SPACES 1160 m2

AUDITORIUM 1320 m2

BEIC 1650 m2

DIGITAL DEPARTMENT 2100 m2

FLOOR       L-1

FLOOR       L0

FLOOR       L1

FLOOR       L2

FLOOR       L3

FLOOR       L4

DEPARTMENTS 6900 m2

AUTOMATED CENTRAL STORAGE 2980 m2

INTERNAL SERVICES 5070 m2

 Total: 27110 m2

A.1 - Promenad

A.2 - Reception and first information area

A.3 - News, current affairs, thematic proposals

A.4 - Magazines and newspapers

A.5 - Exposition spaces

A.6 - Services accessories

B.1 - Reception

B.2 - “Parents e babies” space (0-2/3 years)

B.3 - “Discover and play” space (3-5/6 years)

B.4 - “Grow and learn” space (6-9 years)

B.5 - “Imagine and create” space (10-13 years)

B.6 - “Parents area”

B.7 - Accessory services

C.1 - Commercial activities

D.1 - Auditorium

E.1 - “Music, entertainment, gaming and new media” section

E.2 - Laboratories / multi-purpose rooms

F.1 - Cultural heritage digitisation centre

F.2 - Innovation Lab

G.1 - Reception, general consultation and local documentation

G.2 - “Science and Technology” department

G.3 - “Humanities and Social Sciences” department

G.4 - “Arts and Literature” department

G.5 - Special collections

G.6 - Study room with own materials

G.7 - H24 study room

H – Automated central storage

I.1 - Logistics and document management

I.2 - Technical spaces and rooms for system
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30°

60°

Functional Arrangement
In designing the functional arrangement of the 
library building, we encountered a unique challenge 
due to its unconventional organic shape. At �rst 
look, the building’s form may appear to dictate an 
unfocused or haphazard distribution of functions. 
However, through careful study and analysis of the 
programmatic requirements, we devised a strategic 
layout to ensure clarity and e�ciency in user 
experience. 

One of the primary considerations was the creation 
of dedicated entrances for essential areas such as the 
Imaginarium, the departments, BEIC (Biblioteca 
Europea di Informazione e Cultura), o�ce spaces, 
and the 24-hour study room exclusively accessible to 
students. 
By strategically integrating these speci�c entrances 
into the building’s design, we aimed to enhance 
functionality, accessibility, and user experience 
within the library. Despite the apparent complexity 
of the organic shape dividing the ground �oor, our 
meticulous attention to programmatic requirements 
enabled us to devise a cohesive and intuitive layout 
that optimizes the utilization of space and supports the 
diverse needs of library patrons. �rough thoughtful 
design decisions and a thorough understanding of user 
needs, we have created a functional arrangement that 
promotes e�ciency, clarity, and ease of use, ensuring 

that the library building serves as a welcoming and 
accessible resource for the community.
Continuing with the functional arrangement, we 
extended our design considerations vertically, 
ensuring coherence and e�ciency across multiple 
levels of the library building. While the ground �oor 
accommodates divided functions within the organic 
shape, we strategically consolidated these areas on the 
second �oor, creating a seamless and inviting open 
space that spans the entire �oor surface. �is cohesive 
design approach fosters connectivity and �uidity 
between di�erent library functions, promoting ease of 
navigation and enhancing user experience. Moreover, 
recognizing the need for privacy and enclosed spaces, 
we positioned rooms requiring such attributes, such as 
meeting rooms and study pods, between the ground 
�oor and the second level. �is placement optimizes 
spatial e�ciency while maintaining an open and 
expansive atmosphere on the top �oor, encouraging 
exploration and interaction among patrons. 
By integrating both horizontal and vertical 
considerations into the functional arrangement, 
we have cra�ed a dynamic and versatile library 
environment that caters to the diverse needs and 
preferences of its users while maximizing the 
utilization of space and promoting a sense of unity 
and cohesion throughout the building. 

LEGEND Functions

Entrance area

Immaginarium

Commercial spaces

Auditorium

BEIC

Digital Department

Departments

Automated Central Storage

Internal services
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I.1 - Logistics and document management
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Workers only

Closed rooms

Openspaces

Private spaces

Commercial

ENTRANCE AREA 3270 m2

IMAGINARIUM 2650 m2

COMERCIAL SPACES 1160 m2

AUDITORIUM 1320 m2

BEIC 1650 m2

DIGITAL DEPARTMENT 2100 m2

FLOOR       L-1

FLOOR       L0

FLOOR       L1

FLOOR       L2
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FLOOR       L4

DEPARTMENTS 6900 m2

AUTOMATED CENTRAL STORAGE 2980 m2

INTERNAL SERVICES 5070 m2

 Total: 27110 m2

A.1 - Promenad

A.2 - Reception and first information area

A.3 - News, current affairs, thematic proposals

A.4 - Magazines and newspapers

A.5 - Exposition spaces

A.6 - Services accessories

B.1 - Reception
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B.3 - “Discover and play” space (3-5/6 years)
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ENTRANCE AREA 3270 m2

IMAGINARIUM 2650 m2
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G.7 - H24 study room

H – Automated central storage

I.1 - Logistics and document management

I.2 - Technical spaces and rooms for system
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Functional Arrangement
In designing the functional arrangement of the 
library building, we encountered a unique challenge 
due to its unconventional organic shape. At �rst 
look, the building’s form may appear to dictate an 
unfocused or haphazard distribution of functions. 
However, through careful study and analysis of the 
programmatic requirements, we devised a strategic 
layout to ensure clarity and e�ciency in user 
experience. 

One of the primary considerations was the creation 
of dedicated entrances for essential areas such as the 
Imaginarium, the departments, BEIC (Biblioteca 
Europea di Informazione e Cultura), o�ce spaces, 
and the 24-hour study room exclusively accessible to 
students. 
By strategically integrating these speci�c entrances 
into the building’s design, we aimed to enhance 
functionality, accessibility, and user experience 
within the library. Despite the apparent complexity 
of the organic shape dividing the ground �oor, our 
meticulous attention to programmatic requirements 
enabled us to devise a cohesive and intuitive layout 
that optimizes the utilization of space and supports the 
diverse needs of library patrons. �rough thoughtful 
design decisions and a thorough understanding of user 
needs, we have created a functional arrangement that 
promotes e�ciency, clarity, and ease of use, ensuring 

that the library building serves as a welcoming and 
accessible resource for the community.
Continuing with the functional arrangement, we 
extended our design considerations vertically, 
ensuring coherence and e�ciency across multiple 
levels of the library building. While the ground �oor 
accommodates divided functions within the organic 
shape, we strategically consolidated these areas on the 
second �oor, creating a seamless and inviting open 
space that spans the entire �oor surface. �is cohesive 
design approach fosters connectivity and �uidity 
between di�erent library functions, promoting ease of 
navigation and enhancing user experience. Moreover, 
recognizing the need for privacy and enclosed spaces, 
we positioned rooms requiring such attributes, such as 
meeting rooms and study pods, between the ground 
�oor and the second level. �is placement optimizes 
spatial e�ciency while maintaining an open and 
expansive atmosphere on the top �oor, encouraging 
exploration and interaction among patrons. 
By integrating both horizontal and vertical 
considerations into the functional arrangement, 
we have cra�ed a dynamic and versatile library 
environment that caters to the diverse needs and 
preferences of its users while maximizing the 
utilization of space and promoting a sense of unity 
and cohesion throughout the building. 

LEGEND Functions

Entrance area

Immaginarium

Commercial spaces

Auditorium

BEIC

Digital Department

Departments

Automated Central Storage

Internal services
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Beam Lenght  L 10.0 m 10000 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 2.4 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 11.9 kN/m

Area load Q1 5.0 kN/m2 Live load: Book storage

Linear load q1 25.0 kN/m

Load_ULS COMB 76.7 kN/m 1.3*(g1+g2+g3)+1.5*q1

Load_LIVE COMB 25.0 kN/m q1

M_ED_ULS 958.5 kNm 958468125 Nmm

Wpl 3659606 mm3 3660 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9 MPa

Beam chosen HEB550-Prestressed
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

Check maximal displacements for combination (D + L)
delta_max L/250 40 mm

delta simple beam 35.5 mm

delta=delta simple beam-prestressed 

displacement 5.5 mm delta simple beam<delta_max OK
Check maximal displacements for liveload(L)
delta_max L/300 33.3 mm

delta simple beam 11.6 mm delta simple beam<delta_max OK

ULS,SLS,Bending Moment Calculation

Calculate Wpl & Choose steel class and Beams

FLOORS

Check maximal displacements for combination (D + L) and for liveload(L)

Beam Lenght  L 10.0 m 10000 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 5.7 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 28.4 kN/m

Area load Q1 2.0 kN/m2 Live load: Accessible roof

Linear load q1 10.0 kN/m

Load_ULS COMB 75.6 kN/m 1.3*(g1+g2+g3)+1.5*q1

Load_LIVE COMB 10.0 kN/m q1

M_ED_ULS 945.3 kNm 945343125 Nmm

Wpl 3609492 mm3 3609 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9 MPa

Beam chosen
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

delta_max L/250 40 mm

delta simple beam 35.0 mm

delta=delta simple beam-prestressed 

displacement 5.0 mm delta simple beam<delta_max OK

delta_max L/300 33.3 mm

delta simple beam 4.6 mm delta simple beam<delta_max OK

Check maximal displacements for liveload(L)

HEB550-Prestressed

ROOF

Calculate Wpl & Choose steel class and Beams

Check maximal displacements for combination (D + L) and for liveload(L)
Check maximal displacements for combination (D + L)

ULS,SLS,Bending Moment Calculation

Beam Lenght  L 2.5m 2500 mm
Influence area width I 5.0m 5000 mm
Linear load g1 0.2k N/mD ead load: Beam self weight - Structural

Area load G2 3.6k N/m2 Dead load: Floor Self weight - Structural
Linear load g2 18.0 kN/m
Area load G3 2.6k N/m2 Dead load: Floor Self weight  - Non Structural
Linear load g3 12.9k N/m

Area load Q1 4.0k N/m2 Live load: Reading room in library
Linear load q1 20.0k N/m

Load_ULS COMB7 0.5k N/m1 .3*(g1+g2+g3)+1.5*q1
Load_LIVE COMB 20.0k N/mq 1
M_ED_ULS 220.2 kNm2 20242031.3 NmmQ uls*L 2̂/2

Wpl 840924 mm3 841 10^3 mm3
Steel  class  S…2 75
fyk 275 MPa
s1 .05

fyd2 61.9 MPa
Be am chosen HEB550
Wpl chosen 5591 10 3̂ mm3W pl chosen > Wpl OK
Iy chosen 136700 10^4 mm4
E2 06000M Pa

delta_max L/250 10 mm
delta simple beam 1.2 mm delta simple beam<delta_max OK

delta_max L/300 8.3m m
delta simple beam 0.3 mm delta simple beam<delta_max OK

Check maximal displacements for liveload(L)

BALCONY
ULS,SLS,Be nding Moment Calculation

Calculate Wpl & Choose stee l class and Be ams

Check maximal displacements for combination (D + L) and for live load(L)
Check maximal displacements for combination (D + L)

Beam Lenght  L 2.5 m 2500 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 2.0 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 9.8 kN/m

Area load Q1 2.0 kN/m2 Live load: Accessible roof

Linear load q1 10.0 kN/m

Area load S1 0.0 kN/m2 Live load:Snow Load (Zone I-M)

Linear load s1 0.0 kN/m

Load_ULS COMB 51.4 kN/m 1.3*(g1+g2+g3)+1.5*(q1+s1)

Load_LIVE COMB 10.0 kN/m q1+s1

M_ED_ULS 196.6 kNm 196576046 Nmm Quls*L^2/2+Lsky*L

Wpl 750563 mm3 751 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9047619 MPa

Beam chosen HEB550
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

delta_max L/250 10.0 mm

delta simple beam 0.9 mm displacement caused by uniform load

0.3 mm displacement caused by concentrated load

1.2 mm delta simple beam<delta_max OK

delta_max L/300 8.3 mm

delta simple beam 0.2 mm delta simple beam<delta_max OK

Check maximal displacements for combination (D + L)

Check maximal displacements for liveload(L)

ROOFTOP BALCONY
ULS,SLS,Bending Moment Calculation

Calculate Wpl & Choose steel class and Beams

Check maximal displacements for combination (D + L) and for liveload(L)

PART 2: STEEL BEAM CHECK
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SHEAR STRESS
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B

Beam Lenght  L 10.0 m 10000 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 2.4 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 11.9 kN/m

Area load Q1 5.0 kN/m2 Live load: Book storage

Linear load q1 25.0 kN/m

Load_ULS COMB 76.7 kN/m 1.3*(g1+g2+g3)+1.5*q1

Load_LIVE COMB 25.0 kN/m q1

M_ED_ULS 958.5 kNm 958468125 Nmm

Wpl 3659606 mm3 3660 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9 MPa

Beam chosen HEB550-Prestressed
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

Check maximal displacements for combination (D + L)
delta_max L/250 40 mm

delta simple beam 35.5 mm

delta=delta simple beam-prestressed 

displacement 5.5 mm delta simple beam<delta_max OK
Check maximal displacements for liveload(L)
delta_max L/300 33.3 mm

delta simple beam 11.6 mm delta simple beam<delta_max OK

ULS,SLS,Bending Moment Calculation

Calculate Wpl & Choose steel class and Beams

FLOORS

Check maximal displacements for combination (D + L) and for liveload(L)

Beam Lenght  L 10.0 m 10000 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 5.7 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 28.4 kN/m

Area load Q1 2.0 kN/m2 Live load: Accessible roof

Linear load q1 10.0 kN/m

Load_ULS COMB 75.6 kN/m 1.3*(g1+g2+g3)+1.5*q1

Load_LIVE COMB 10.0 kN/m q1

M_ED_ULS 945.3 kNm 945343125 Nmm

Wpl 3609492 mm3 3609 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9 MPa

Beam chosen
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

delta_max L/250 40 mm

delta simple beam 35.0 mm

delta=delta simple beam-prestressed 

displacement 5.0 mm delta simple beam<delta_max OK

delta_max L/300 33.3 mm

delta simple beam 4.6 mm delta simple beam<delta_max OK

Check maximal displacements for liveload(L)

HEB550-Prestressed

ROOF

Calculate Wpl & Choose steel class and Beams

Check maximal displacements for combination (D + L) and for liveload(L)
Check maximal displacements for combination (D + L)

ULS,SLS,Bending Moment Calculation

Beam Lenght  L 2.5m 2500 mm
Influence area width I 5.0m 5000 mm
Linear load g1 0.2k N/mD ead load: Beam self weight - Structural

Area load G2 3.6k N/m2 Dead load: Floor Self weight - Structural
Linear load g2 18.0 kN/m
Area load G3 2.6k N/m2 Dead load: Floor Self weight  - Non Structural
Linear load g3 12.9k N/m

Area load Q1 4.0k N/m2 Live load: Reading room in library
Linear load q1 20.0k N/m

Load_ULS COMB7 0.5k N/m1 .3*(g1+g2+g3)+1.5*q1
Load_LIVE COMB 20.0k N/mq 1
M_ED_ULS 220.2 kNm2 20242031.3 NmmQ uls*L 2̂/2

Wpl 840924 mm3 841 10^3 mm3
Steel  class  S…2 75
fyk 275 MPa
s1 .05

fyd2 61.9 MPa
Be am chosen HEB550
Wpl chosen 5591 10 3̂ mm3W pl chosen > Wpl OK
Iy chosen 136700 10^4 mm4
E2 06000M Pa

delta_max L/250 10 mm
delta simple beam 1.2 mm delta simple beam<delta_max OK

delta_max L/300 8.3m m
delta simple beam 0.3 mm delta simple beam<delta_max OK

Check maximal displacements for liveload(L)

BALCONY
ULS,SLS,Be nding Moment Calculation

Calculate Wpl & Choose stee l class and Be ams

Check maximal displacements for combination (D + L) and for live load(L)
Check maximal displacements for combination (D + L)

Beam Lenght  L 2.5 m 2500 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 2.0 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 9.8 kN/m

Area load Q1 2.0 kN/m2 Live load: Accessible roof

Linear load q1 10.0 kN/m

Area load S1 0.0 kN/m2 Live load:Snow Load (Zone I-M)

Linear load s1 0.0 kN/m

Load_ULS COMB 51.4 kN/m 1.3*(g1+g2+g3)+1.5*(q1+s1)

Load_LIVE COMB 10.0 kN/m q1+s1

M_ED_ULS 196.6 kNm 196576046 Nmm Quls*L^2/2+Lsky*L

Wpl 750563 mm3 751 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9047619 MPa

Beam chosen HEB550
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

delta_max L/250 10.0 mm

delta simple beam 0.9 mm displacement caused by uniform load

0.3 mm displacement caused by concentrated load

1.2 mm delta simple beam<delta_max OK

delta_max L/300 8.3 mm

delta simple beam 0.2 mm delta simple beam<delta_max OK

Check maximal displacements for combination (D + L)

Check maximal displacements for liveload(L)

ROOFTOP BALCONY
ULS,SLS,Bending Moment Calculation

Calculate Wpl & Choose steel class and Beams

Check maximal displacements for combination (D + L) and for liveload(L)

PART 2: STEEL BEAM CHECK
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Beam Lenght  L 10.0 m 10000 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 2.4 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 11.9 kN/m

Area load Q1 5.0 kN/m2 Live load: Book storage

Linear load q1 25.0 kN/m

Load_ULS COMB 76.7 kN/m 1.3*(g1+g2+g3)+1.5*q1

Load_LIVE COMB 25.0 kN/m q1

M_ED_ULS 958.5 kNm 958468125 Nmm

Wpl 3659606 mm3 3660 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9 MPa

Beam chosen HEB550-Prestressed
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

Check maximal displacements for combination (D + L)
delta_max L/250 40 mm

delta simple beam 35.5 mm

delta=delta simple beam-prestressed 

displacement 5.5 mm delta simple beam<delta_max OK
Check maximal displacements for liveload(L)
delta_max L/300 33.3 mm

delta simple beam 11.6 mm delta simple beam<delta_max OK

ULS,SLS,Bending Moment Calculation

Calculate Wpl & Choose steel class and Beams

FLOORS

Check maximal displacements for combination (D + L) and for liveload(L)

Beam Lenght  L 10.0 m 10000 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 5.7 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 28.4 kN/m

Area load Q1 2.0 kN/m2 Live load: Accessible roof

Linear load q1 10.0 kN/m

Load_ULS COMB 75.6 kN/m 1.3*(g1+g2+g3)+1.5*q1

Load_LIVE COMB 10.0 kN/m q1

M_ED_ULS 945.3 kNm 945343125 Nmm

Wpl 3609492 mm3 3609 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9 MPa

Beam chosen
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

delta_max L/250 40 mm

delta simple beam 35.0 mm

delta=delta simple beam-prestressed 

displacement 5.0 mm delta simple beam<delta_max OK

delta_max L/300 33.3 mm

delta simple beam 4.6 mm delta simple beam<delta_max OK

Check maximal displacements for liveload(L)

HEB550-Prestressed

ROOF

Calculate Wpl & Choose steel class and Beams

Check maximal displacements for combination (D + L) and for liveload(L)
Check maximal displacements for combination (D + L)

ULS,SLS,Bending Moment Calculation

Beam Lenght  L 2.5m 2500 mm
Influence area width I 5.0m 5000 mm
Linear load g1 0.2k N/mD ead load: Beam self weight - Structural

Area load G2 3.6k N/m2 Dead load: Floor Self weight - Structural
Linear load g2 18.0 kN/m
Area load G3 2.6k N/m2 Dead load: Floor Self weight  - Non Structural
Linear load g3 12.9k N/m

Area load Q1 4.0k N/m2 Live load: Reading room in library
Linear load q1 20.0k N/m

Load_ULS COMB7 0.5k N/m1 .3*(g1+g2+g3)+1.5*q1
Load_LIVE COMB 20.0k N/mq 1
M_ED_ULS 220.2 kNm2 20242031.3 NmmQ uls*L 2̂/2

Wpl 840924 mm3 841 10^3 mm3
Steel  class  S…2 75
fyk 275 MPa
s1 .05

fyd2 61.9 MPa
Be am chosen HEB550
Wpl chosen 5591 10 3̂ mm3W pl chosen > Wpl OK
Iy chosen 136700 10^4 mm4
E2 06000M Pa

delta_max L/250 10 mm
delta simple beam 1.2 mm delta simple beam<delta_max OK

delta_max L/300 8.3m m
delta simple beam 0.3 mm delta simple beam<delta_max OK

Check maximal displacements for liveload(L)

BALCONY
ULS,SLS,Be nding Moment Calculation

Calculate Wpl & Choose stee l class and Be ams

Check maximal displacements for combination (D + L) and for live load(L)
Check maximal displacements for combination (D + L)

Beam Lenght  L 2.5 m 2500 mm

Influence area width I 5.0 m 5000 mm

Linear load g1 0.2 kN/m Dead load: Beam self weight - Structural

Area load G2 3.6 kN/m2 Dead load: Floor Self weight - Structural

Linear load g2 18.0 kN/m

Area load G3 2.0 kN/m2 Dead load: Floor Self weight  - Non Structural

Linear load g3 9.8 kN/m

Area load Q1 2.0 kN/m2 Live load: Accessible roof

Linear load q1 10.0 kN/m

Area load S1 0.0 kN/m2 Live load:Snow Load (Zone I-M)

Linear load s1 0.0 kN/m

Load_ULS COMB 51.4 kN/m 1.3*(g1+g2+g3)+1.5*(q1+s1)

Load_LIVE COMB 10.0 kN/m q1+s1

M_ED_ULS 196.6 kNm 196576046 Nmm Quls*L^2/2+Lsky*L

Wpl 750563 mm3 751 10^3 mm3
Steel class S… 275

fyk 275 MPa

s 1.05

fyd 261.9047619 MPa

Beam chosen HEB550
Wpl chosen 5591 10^3 mm3 Wpl chosen > Wpl OK
Iy chosen 136700 10^4 mm4

E 206000 MPa

delta_max L/250 10.0 mm

delta simple beam 0.9 mm displacement caused by uniform load

0.3 mm displacement caused by concentrated load

1.2 mm delta simple beam<delta_max OK

delta_max L/300 8.3 mm

delta simple beam 0.2 mm delta simple beam<delta_max OK

Check maximal displacements for combination (D + L)

Check maximal displacements for liveload(L)

ROOFTOP BALCONY
ULS,SLS,Bending Moment Calculation

Calculate Wpl & Choose steel class and Beams

Check maximal displacements for combination (D + L) and for liveload(L)

PART 2: STEEL BEAM CHECK
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A

B

D

E

C

Constructing simulation model

Performing simulation

structure lines skeleton skeleton with shotcrete

two types of restraint applying concrete panels’ load applying liveload

displacement-ULS

shear force-ULSaxial force-ULS

Key points

Verification of shotcrete

Research over the thickness of shotcrete 

Verification of steel elements

Calculation over the element with max ratio

1. Design Information 
Design Code  BS5950-90

Unit System  kN, m

Member No  5789

Material  Fe360 (No:2)

   (Fy =  235000, Es = 206000000)

Section Name  HEA200 (No:1)

   (Rolled : HEA200).

Member Length : 9.37948

Depth        0.19000 Web Thick    0.00650
Top F Width  0.20000 Top F Thick  0.01000
Bot.F Width  0.20000 Bot.F Thick  0.01000

0.2

0
.1

9

0
.0

1

0.0065

y

z

0
.0

9
5

0

0.1000

Area         0.00538 Asz          0.00123
Qyb          0.03130 Qzb          0.00500
Iyy          0.00004 Izz          0.00001
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2. Member Forces 
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Mzi = 0.01610,  Mzj = 0.05989  (for Lz)

Shear Forces Fyy  = 0.01991  (LCB:   2, POS:1/4)

Fzz  = 0.15294  (LCB:   2, POS:J)

3. Design Parameters 
Effective Length for LTB Le  = 9.37948

Effective Length Factors Ky  =   1.00,  Kz  =   1.00

Equivalent Uniform Moment Factors / Slenderness Correction Factor

m_y =   1.00,  m_z =   1.00,  n   =   1.00
4. Checking Result

Slenderness Ratio

        KL/r       =  79.0 < 200.0  (Memb:6775, LCB:   2).................................. O.K

Axial Resistance

        Fc/Pc      =  73.848/240.672 =  0.307 < 1.000 ..................................... O.K
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Shear Resistance

        Fvy/Pvy      = 0.000 < 1.000 ...................................................... O.K

        Fvz/Pvz      = 0.001 < 1.000 ...................................................... O.K
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Performing simulation

structure lines skeleton skeleton with shotcrete

two types of restraint applying concrete panels’ load applying liveload
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Verification of shotcrete

Research over the thickness of shotcrete 

Verification of steel elements

Calculation over the element with max ratio

1. Design Information 
Design Code  BS5950-90

Unit System  kN, m

Member No  5789

Material  Fe360 (No:2)

   (Fy =  235000, Es = 206000000)

Section Name  HEA200 (No:1)

   (Rolled : HEA200).

Member Length : 9.37948

Depth        0.19000 Web Thick    0.00650
Top F Width  0.20000 Top F Thick  0.01000
Bot.F Width  0.20000 Bot.F Thick  0.01000
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Zyy          0.00039 Zzz          0.00013
ry           0.08280 rz           0.04980

2. Member Forces 
Axial Force Fxx = -73.848  (LCB:   2, POS:J)

Bending Moments My  = -0.2530,  Mz  = 0.05989

End Moments Myi = 0.07551,  Myj = -0.2530  (for Le)

Myi = -0.0079,  Myj = -0.2530  (for Ly)

Mzi = 0.01610,  Mzj = 0.05989  (for Lz)

Shear Forces Fyy  = 0.01991  (LCB:   2, POS:1/4)

Fzz  = 0.15294  (LCB:   2, POS:J)

3. Design Parameters 
Effective Length for LTB Le  = 9.37948

Effective Length Factors Ky  =   1.00,  Kz  =   1.00

Equivalent Uniform Moment Factors / Slenderness Correction Factor

m_y =   1.00,  m_z =   1.00,  n   =   1.00
4. Checking Result

Slenderness Ratio

        KL/r       =  79.0 < 200.0  (Memb:6775, LCB:   2).................................. O.K

Axial Resistance

        Fc/Pc      =  73.848/240.672 =  0.307 < 1.000 ..................................... O.K

Bending Resistance

        My/Mcy     =   0.253/101.050 = 0.003 < 1.000 ...................................... O.K

        Mz/Mcz     =  0.0599/37.7880 = 0.002 < 1.000 ...................................... O.K

Combined Capacity   (Compression+Bending)

        Rmax1 = (My/Mry)^2 + Mz/Mrz

        Rmax2 = MAX[ Fc/Pc, My/Mcy, Mz/Mcz ]

        May   = MIN[ Mcy*(1-F/Pcy)/(1+0.5*F/Pcy), Mb*(1-F/Pcy) ]

        Maz   = Mcz*(1-F/Pcz)/(1+0.5*F/Pcz)

        Rmax  = MAX[ Rmax1, Rmax2, m_y*My/May + m_z*Mz/Maz ] = 0.307 < 1.000 .............. O.K

Shear Resistance

        Fvy/Pvy      = 0.000 < 1.000 ...................................................... O.K

        Fvz/Pvz      = 0.001 < 1.000 ...................................................... O.K
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Performing simulation
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two types of restraint applying concrete panels’ load applying liveload

displacement-ULS

shear force-ULSaxial force-ULS

Key points

Verification of shotcrete

Research over the thickness of shotcrete 

Verification of steel elements

Calculation over the element with max ratio

1. Design Information 
Design Code  BS5950-90

Unit System  kN, m

Member No  5789

Material  Fe360 (No:2)

   (Fy =  235000, Es = 206000000)

Section Name  HEA200 (No:1)

   (Rolled : HEA200).

Member Length : 9.37948

Depth        0.19000 Web Thick    0.00650
Top F Width  0.20000 Top F Thick  0.01000
Bot.F Width  0.20000 Bot.F Thick  0.01000
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0.1000

Area         0.00538 Asz          0.00123
Qyb          0.03130 Qzb          0.00500
Iyy          0.00004 Izz          0.00001
Ybar         0.10000 Zbar         0.09500
Zyy          0.00039 Zzz          0.00013
ry           0.08280 rz           0.04980

2. Member Forces 
Axial Force Fxx = -73.848  (LCB:   2, POS:J)

Bending Moments My  = -0.2530,  Mz  = 0.05989

End Moments Myi = 0.07551,  Myj = -0.2530  (for Le)

Myi = -0.0079,  Myj = -0.2530  (for Ly)

Mzi = 0.01610,  Mzj = 0.05989  (for Lz)

Shear Forces Fyy  = 0.01991  (LCB:   2, POS:1/4)

Fzz  = 0.15294  (LCB:   2, POS:J)

3. Design Parameters 
Effective Length for LTB Le  = 9.37948

Effective Length Factors Ky  =   1.00,  Kz  =   1.00

Equivalent Uniform Moment Factors / Slenderness Correction Factor

m_y =   1.00,  m_z =   1.00,  n   =   1.00
4. Checking Result

Slenderness Ratio

        KL/r       =  79.0 < 200.0  (Memb:6775, LCB:   2).................................. O.K

Axial Resistance

        Fc/Pc      =  73.848/240.672 =  0.307 < 1.000 ..................................... O.K

Bending Resistance

        My/Mcy     =   0.253/101.050 = 0.003 < 1.000 ...................................... O.K

        Mz/Mcz     =  0.0599/37.7880 = 0.002 < 1.000 ...................................... O.K

Combined Capacity   (Compression+Bending)

        Rmax1 = (My/Mry)^2 + Mz/Mrz

        Rmax2 = MAX[ Fc/Pc, My/Mcy, Mz/Mcz ]

        May   = MIN[ Mcy*(1-F/Pcy)/(1+0.5*F/Pcy), Mb*(1-F/Pcy) ]

        Maz   = Mcz*(1-F/Pcz)/(1+0.5*F/Pcz)

        Rmax  = MAX[ Rmax1, Rmax2, m_y*My/May + m_z*Mz/Maz ] = 0.307 < 1.000 .............. O.K

Shear Resistance

        Fvy/Pvy      = 0.000 < 1.000 ...................................................... O.K

        Fvz/Pvz      = 0.001 < 1.000 ...................................................... O.K
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   (Fy =  235000, Es = 206000000)

Section Name  HEA200 (No:1)

   (Rolled : HEA200).

Member Length : 9.37948

Depth        0.19000 Web Thick    0.00650
Top F Width  0.20000 Top F Thick  0.01000
Bot.F Width  0.20000 Bot.F Thick  0.01000
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Area         0.00538 Asz          0.00123
Qyb          0.03130 Qzb          0.00500
Iyy          0.00004 Izz          0.00001
Ybar         0.10000 Zbar         0.09500
Zyy          0.00039 Zzz          0.00013
ry           0.08280 rz           0.04980

2. Member Forces 
Axial Force Fxx = -73.848  (LCB:   2, POS:J)

Bending Moments My  = -0.2530,  Mz  = 0.05989

End Moments Myi = 0.07551,  Myj = -0.2530  (for Le)

Myi = -0.0079,  Myj = -0.2530  (for Ly)

Mzi = 0.01610,  Mzj = 0.05989  (for Lz)

Shear Forces Fyy  = 0.01991  (LCB:   2, POS:1/4)

Fzz  = 0.15294  (LCB:   2, POS:J)

3. Design Parameters 
Effective Length for LTB Le  = 9.37948

Effective Length Factors Ky  =   1.00,  Kz  =   1.00

Equivalent Uniform Moment Factors / Slenderness Correction Factor

m_y =   1.00,  m_z =   1.00,  n   =   1.00
4. Checking Result

Slenderness Ratio

        KL/r       =  79.0 < 200.0  (Memb:6775, LCB:   2).................................. O.K

Axial Resistance

        Fc/Pc      =  73.848/240.672 =  0.307 < 1.000 ..................................... O.K

Bending Resistance

        My/Mcy     =   0.253/101.050 = 0.003 < 1.000 ...................................... O.K

        Mz/Mcz     =  0.0599/37.7880 = 0.002 < 1.000 ...................................... O.K

Combined Capacity   (Compression+Bending)

        Rmax1 = (My/Mry)^2 + Mz/Mrz

        Rmax2 = MAX[ Fc/Pc, My/Mcy, Mz/Mcz ]

        May   = MIN[ Mcy*(1-F/Pcy)/(1+0.5*F/Pcy), Mb*(1-F/Pcy) ]

        Maz   = Mcz*(1-F/Pcz)/(1+0.5*F/Pcz)

        Rmax  = MAX[ Rmax1, Rmax2, m_y*My/May + m_z*Mz/Maz ] = 0.307 < 1.000 .............. O.K

Shear Resistance

        Fvy/Pvy      = 0.000 < 1.000 ...................................................... O.K

        Fvz/Pvz      = 0.001 < 1.000 ...................................................... O.K
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Constructing simulation model

Performing simulation

structure lines skeleton skeleton with shotcrete

two types of restraint applying concrete panels’ load applying liveload

displacement-ULS

shear force-ULSaxial force-ULS

Key points

Verification of shotcrete

Research over the thickness of shotcrete 

Verification of steel elements

Calculation over the element with max ratio

1. Design Information 
Design Code  BS5950-90

Unit System  kN, m

Member No  5789

Material  Fe360 (No:2)

   (Fy =  235000, Es = 206000000)

Section Name  HEA200 (No:1)

   (Rolled : HEA200).

Member Length : 9.37948

Depth        0.19000 Web Thick    0.00650
Top F Width  0.20000 Top F Thick  0.01000
Bot.F Width  0.20000 Bot.F Thick  0.01000
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Qyb          0.03130 Qzb          0.00500
Iyy          0.00004 Izz          0.00001
Ybar         0.10000 Zbar         0.09500
Zyy          0.00039 Zzz          0.00013
ry           0.08280 rz           0.04980

2. Member Forces 
Axial Force Fxx = -73.848  (LCB:   2, POS:J)

Bending Moments My  = -0.2530,  Mz  = 0.05989

End Moments Myi = 0.07551,  Myj = -0.2530  (for Le)

Myi = -0.0079,  Myj = -0.2530  (for Ly)

Mzi = 0.01610,  Mzj = 0.05989  (for Lz)

Shear Forces Fyy  = 0.01991  (LCB:   2, POS:1/4)

Fzz  = 0.15294  (LCB:   2, POS:J)

3. Design Parameters 
Effective Length for LTB Le  = 9.37948

Effective Length Factors Ky  =   1.00,  Kz  =   1.00

Equivalent Uniform Moment Factors / Slenderness Correction Factor

m_y =   1.00,  m_z =   1.00,  n   =   1.00
4. Checking Result

Slenderness Ratio

        KL/r       =  79.0 < 200.0  (Memb:6775, LCB:   2).................................. O.K

Axial Resistance

        Fc/Pc      =  73.848/240.672 =  0.307 < 1.000 ..................................... O.K

Bending Resistance

        My/Mcy     =   0.253/101.050 = 0.003 < 1.000 ...................................... O.K

        Mz/Mcz     =  0.0599/37.7880 = 0.002 < 1.000 ...................................... O.K

Combined Capacity   (Compression+Bending)

        Rmax1 = (My/Mry)^2 + Mz/Mrz

        Rmax2 = MAX[ Fc/Pc, My/Mcy, Mz/Mcz ]

        May   = MIN[ Mcy*(1-F/Pcy)/(1+0.5*F/Pcy), Mb*(1-F/Pcy) ]

        Maz   = Mcz*(1-F/Pcz)/(1+0.5*F/Pcz)

        Rmax  = MAX[ Rmax1, Rmax2, m_y*My/May + m_z*Mz/Maz ] = 0.307 < 1.000 .............. O.K

Shear Resistance

        Fvy/Pvy      = 0.000 < 1.000 ...................................................... O.K

        Fvz/Pvz      = 0.001 < 1.000 ...................................................... O.K
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1. Design Information 
Design Code  BS5950-90

Unit System  kN, m

Member No  5789

Material  Fe360 (No:2)

   (Fy =  235000, Es = 206000000)

Section Name  HEA200 (No:1)
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2. Member Forces 
Axial Force Fxx = -73.848  (LCB:   2, POS:J)

Bending Moments My  = -0.2530,  Mz  = 0.05989

End Moments Myi = 0.07551,  Myj = -0.2530  (for Le)

Myi = -0.0079,  Myj = -0.2530  (for Ly)

Mzi = 0.01610,  Mzj = 0.05989  (for Lz)

Shear Forces Fyy  = 0.01991  (LCB:   2, POS:1/4)

Fzz  = 0.15294  (LCB:   2, POS:J)

3. Design Parameters 
Effective Length for LTB Le  = 9.37948

Effective Length Factors Ky  =   1.00,  Kz  =   1.00

Equivalent Uniform Moment Factors / Slenderness Correction Factor

m_y =   1.00,  m_z =   1.00,  n   =   1.00
4. Checking Result

Slenderness Ratio

        KL/r       =  79.0 < 200.0  (Memb:6775, LCB:   2).................................. O.K

Axial Resistance

        Fc/Pc      =  73.848/240.672 =  0.307 < 1.000 ..................................... O.K

Bending Resistance

        My/Mcy     =   0.253/101.050 = 0.003 < 1.000 ...................................... O.K

        Mz/Mcz     =  0.0599/37.7880 = 0.002 < 1.000 ...................................... O.K

Combined Capacity   (Compression+Bending)

        Rmax1 = (My/Mry)^2 + Mz/Mrz

        Rmax2 = MAX[ Fc/Pc, My/Mcy, Mz/Mcz ]

        May   = MIN[ Mcy*(1-F/Pcy)/(1+0.5*F/Pcy), Mb*(1-F/Pcy) ]

        Maz   = Mcz*(1-F/Pcz)/(1+0.5*F/Pcz)

        Rmax  = MAX[ Rmax1, Rmax2, m_y*My/May + m_z*Mz/Maz ] = 0.307 < 1.000 .............. O.K

Shear Resistance

        Fvy/Pvy      = 0.000 < 1.000 ...................................................... O.K

        Fvz/Pvz      = 0.001 < 1.000 ...................................................... O.K
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2. Member Forces 
Axial Force Fxx = -73.848  (LCB:   2, POS:J)

Bending Moments My  = -0.2530,  Mz  = 0.05989

End Moments Myi = 0.07551,  Myj = -0.2530  (for Le)

Myi = -0.0079,  Myj = -0.2530  (for Ly)

Mzi = 0.01610,  Mzj = 0.05989  (for Lz)

Shear Forces Fyy  = 0.01991  (LCB:   2, POS:1/4)

Fzz  = 0.15294  (LCB:   2, POS:J)

3. Design Parameters 
Effective Length for LTB Le  = 9.37948

Effective Length Factors Ky  =   1.00,  Kz  =   1.00

Equivalent Uniform Moment Factors / Slenderness Correction Factor

m_y =   1.00,  m_z =   1.00,  n   =   1.00
4. Checking Result

Slenderness Ratio

        KL/r       =  79.0 < 200.0  (Memb:6775, LCB:   2).................................. O.K

Axial Resistance

        Fc/Pc      =  73.848/240.672 =  0.307 < 1.000 ..................................... O.K

Bending Resistance

        My/Mcy     =   0.253/101.050 = 0.003 < 1.000 ...................................... O.K

        Mz/Mcz     =  0.0599/37.7880 = 0.002 < 1.000 ...................................... O.K

Combined Capacity   (Compression+Bending)

        Rmax1 = (My/Mry)^2 + Mz/Mrz

        Rmax2 = MAX[ Fc/Pc, My/Mcy, Mz/Mcz ]

        May   = MIN[ Mcy*(1-F/Pcy)/(1+0.5*F/Pcy), Mb*(1-F/Pcy) ]

        Maz   = Mcz*(1-F/Pcz)/(1+0.5*F/Pcz)

        Rmax  = MAX[ Rmax1, Rmax2, m_y*My/May + m_z*Mz/Maz ] = 0.307 < 1.000 .............. O.K

Shear Resistance

        Fvy/Pvy      = 0.000 < 1.000 ...................................................... O.K

        Fvz/Pvz      = 0.001 < 1.000 ...................................................... O.K
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