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John Hancock Center, Chicago, 1970, eng. SOM
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© Centre Pompidou

Centre Pompidou, Paris, 1977, arch. Renzo Piano, Richard Rogers, Gianfranco Franchini
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Guggenheim Museum, Bilbao, 1997, arch. Frank Gehry
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Sendai Mediateque, Sendai, 2001, arch. Toyo Ito
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Metal 3D-printed bridge, MX3D and Arup, 2017
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S460

S355
S235

s,u

s,d
s,u

S460
S355

235

Steel type
Width w [mm]

w≤ 40mm 40mm ≤ w ≤ 100mm

Stress-strain diagrams

Steel for wires/strands 1410÷1670 1570÷1860

Steel for wires/strands

Mechanische Eigenschaften verschiedener Stahlarten
Mechanical properties of  different structural steel types
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Stahl S235, Spannungs-Dehnungs-Diagramm
Steel S235, stress-strain diagram
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Spannungs-Dehnungs-Diagramme der wichtigsten Baumaterialien
Stress-strain diagrams for the main structural materials
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σ2 [N/mm²]

fs1 = 235 N/mm2

fs1
+
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+

fs1
+/2
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-/2

Stahl S235, Tresca Fliessbedingungen in 2D
Steel S235, Tresca yeld critetion in 2D
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Failure criteria for the main structural materials

Fliessbedingungen in 2D der wichtigsten Baumaterialien
Yield conditions in 2D for main structural material
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α
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0°
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α [°]

σ

Maximum Stress σ
with

Angle α 
 

σ [N/mm²]

fs1
+ = 235 N/mm2

fs1
- = 235 N/mm2

Stahl S235, Veränderung der Fließgrenze in Abhängigkeit des Beanspruchungswinkels
Steel S235, yield strength variation according to the stress angle
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Material strength variation according to the stress angle

Veränderung der Fließgrenze in Abhängigkeit des Beanspruchungswinkels für die wichtigsten Baumaterialien
Yield strength variation according to the stress angle for main structural material
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Live Demo
Stahlprofile
Steel profiles



73Bautechnologie
Building Technologies

HEA leichte Reihe HEA 100 96 mm x 100 mm 16,7 kg/m

bis

HEA 1000 990 mm x 300 mm 272,0 kg/m

HEB normale Reihe HEB 100 100 mm x 100 mm 20,4 kg/m HEB 1000 1000 mm x 300 mm 314,0 kg/m

HEM verstärkte Reihe HEM 100 120 mm x 106 mm 41,8 kg/m HEM 1000 1008 mm x 302 mm 349,0 kg/m

HEA, HEB und HEM

Doppel-T-Profile

INP und 
UNP

Normalprofile

IPE, UPE und 
IPET

Profile mit // 
Flanschen

quadratisch, rechteckig oder 
rund

Hohlprofile

RND und VKT

Rund und 
Vierkantprofil

HEA

HEB

HEM

to

HEA, HEB and HEM IPN and UNP IPE, UPE and IPET Hollow Sections
(rectangular / circular)

Full Sections
(rectangular / circular)

Profilarten und ihre Anwendung
Profile types and their application



74Bautechnologie
Building Technologies

© IA Chicago

Fansworth Haus, Illinois, 1951, Arch. Mies van der Rohe
Farnsworth House, Illinois, 1951, arch. Mies van der Rohe



75Bautechnologie
Building Technologies

HEA, HEB and HEM IPN and UNP IPE, UPE and IPET Hollow Sections
(rectangular / circular)

Full Sections
(rectangular / circular)

INP INP 80 80 mm x 42 mm 5,9 kg/m
to

INP 550 550 mm x 200 mm 166,0 kg/m

UNP UNP 60 65 mm x 42 mm 7,1 kg/m UNP 400 400 mm x 110 mm 71,8 kg/m

IPE IPE 80 80 mm x 46 mm 6,0 kg/m

to

IPE 600 600 mm x 220 mm 122,0 kg/m

IPET IPET 80 40 mm x 46 mm 3,0 kg/m IPET 600 300 mm x 220 mm 61,2 kg/m

UPE UPE 80 80 mm x 50 mm 7,9 kg/m UPE 400 400 mm x 115 mm 72,2 kg/m

INP, UNP, IPE & UPE
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© Iñaki Bergera

Seagram Building, New York, 1958, arch. Mies van der Rohe, eng. Severud Associates
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HEA, HEB and HEM IPN and UNP IPE, UPE and IPET Hollow Sections
(rectangular / circular)

Full Sections
(rectangular / circular)

RRW/RRK square RRW 40 x 40 40 mm x 40 mm 3,4 kg/m

to

RRW 400 x 400 400 mm x 400 mm 191 kg/m

RRW/RRK hexagonal RRW 50 x 30 50 mm x 30 mm 3,6 kg/m RRW 400 x 200 400 mm x 200 mm 141 kg/m

RORround ROR 21,3 Ø 21,3 mm 0,9 kg/m ROR 813 Ø 813 mm 159 kg/m

Rechteckige und kreisförmige Hohlprofile
Rectangular and circular hollow sections
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© Roberto Conte

Sekundarschule in Losone, 1975, Arch. Livio Vacchini & Aurelio Galfetti
Secondary school Losone, 1975, arch. Livio Vacchini and Aurelio Galfetti
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HEA, HEB and HEM IPN and UNP IPE, UPE and IPET Hollow Sections
(rectangular / circular)

Full Sections
(rectangular / circular)

RND RND 10 Ø 10 mm 0,6 kg/m
to

RND 500 Ø 500 mm 1540,0 kg/m

VKT VKT 10 6 mm x 6 mm 0,3 kg/m VKT 200 200 mm x 200 mm 314,8 kg/m

Rechteckige (RND) und runde (VKT) Vollprofile
Rectangular (RND) and circular (VKT) full sections
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© Caroline Rossiter

Centre Pompidou, Paris, 1977, arch. Renzo Piano, Rogers & Franchini, eng Peter Rice & Edmund Happold



81Bautechnologie
Building Technologies

© Nicolas Janberg

GENIETET
RIVETED

(Maria Pia Bridge, Porto)

GESCHRAUBT
BOLTED

(Puls 5, Zürich)

GESCHWEISST
WELDED

(Stuttgart Airport)

© Wikimedia Commons© Giulia Boller
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Der in Brand geratene Crystal Palace, London, 30.11.1936
Crystal Palace on fire, London, 30.11.1936
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© London Fire Brigade

Der in Brand geratene Crystal Palace, London, 30.11.1936
Crystal Palace on fire, London, 30.11.1936
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Aufschäumende Brandschutz-Beschichtung
Intumescent coating

Brandschutz-Verkleidung
Fireproof  envelope

Strategien für den Brandschutz
Fire protection strategies
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0 minutes 5 minutes

10 minutes 50 minutes

Intumeszierende Beschichtung
Intumescent coating
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© Anna Frodesiak

Korrosion
Corrosion
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BESCHICHTUNG (LACKFARBE)
PAINT COATING

ZINK-BESCHICHTUNG
ZINC COATING

OBERFLÄCHENOXIDIERUNG
SURFACE OXIDATION

(corten steel / stainless steel)

© Cedric Méravilles© Philgalv Industrial

Korrosionsschutzstrategien
Corrosion protection strategies
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House R128
Stuttgart, 2000

Architect & Engineer: Werner Sobek Ingenieure
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© Roland Halbe
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Case Study: House R128

“In Werner Sobek’s view, construction at the 
beginning of  the 21st century differs very little 
from that of  past centuries in many respects: 
the integration of  the most various 
developments to create a really new product is 
far too rare an event. Building construction 
evinces none of  the innovative dynamics 
found, for instance, in the automobile industry 
where the latest developments in computer, 
materials and sensor technology are combined 
to produce unique synergetic effects.”

Werner Blaser

Entwurfskonzept
Design concept
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“I didn’t want to create something that future 
generations would have to cope with, so I made 

sure everything is easily recyclable.”

Werner Sobek

Entwurfskonzept
Design concept
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Zero Energy Building Zero Emission Building Zero Waste Building

Null Energie aus externen Quellen

ZERO energy from external sources

Solar cells
Self-sufficient 

Null Kohlendioxidemissionen

ZERO carbon dioxide emissions

Triple-glazing with high quality glass 
No combustion-based processes 

permitted in the building

Null Abfall

ZERO waste

All building elements can be fully 
recycled (no disposal)

Modularity
Joints

Entwurfskonzept
Design concept
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© Gracie Meek & Jospeh McGranahan, Cornell University

Entwurfskonzept
Design concept
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© Roland Halbe
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“I was governed by the ideal of  living in three-dimensional 
transparency so that I could always feel close to nature. 

The technology just helped me achieve that ideal.”

Werner Sobek

Entwurfskonzept
Design concept
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© The Green House
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Schnitt und Grundriss
Section and floor plan
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© Roland Halbe

Strukturmodul (3.0 x 4.0m)
Structuale module (3.0 x 4.0m)



103Fallstudie: Haus R128
Case Study: House R128

Vertikale Lasten
Vertical loads
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Dead loads (self-weight)
g = 1.8 kN/m2

Live loads (snow)
qsnow = 1.0 kN/m2

Vertikale Lasten
Vertical loads



108Fallstudie: Haus R128
Case Study: House R128

Dead loads (self-weight)
g = 1.8 kN/m2

Live loads (snow)
qsnow = 1.0 kN/m2

qd,slab = 1.35 · g + 1.5 · qsnow
= 3.9 kN/m2

Vertikale Lasten
Vertical loads
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Dead loads (self-weight)
g = 1.8 kN/m2

Live loads (snow)
qsnow = 1.0 kN/m2

qd,slab = 1.35 · g + 1.5 · qsnow
= 3.9 kN/m2

qd,beam = 3.9 · 3.0 = 11.7 kN/m

Vertikale Lasten
Vertical loads



110Fallstudie: Haus R128
Case Study: House R128

Dead loads (self-weight)
g = 1.8 kN/m2

Live loads (snow)
qsnow = 1.0 kN/m2

qd,slab = 1.35 · g + 1.5 · qsnow
= 3.9 kN/m2

qd,beam = 3.9 · 3.0 = 11.7 kN/m

qd,col = (11.7 · 4.0)/2 = 23.4 kN

Vertikale Lasten
Vertical loads
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qd,beam = 11.7 kN/m 4.0 m x 11.7 kN/m = 46.8 kN

A = 23.4 kN A = 23.4 kN

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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A = 23.4kN A = 23.4kN

Innere Kräfte im Stahlträger
Internal forces in the steel beam



113Fallstudie: Haus R128
Case Study: House R128

A = 23.4kNA = 23.4kN

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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23.4
kN

23.4
kN

11.7 
kN/m

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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23.4
kN

23.4
kN

11.7 
kN/m

Steel S235
fs = 235 N/mm2

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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23.4
kN

23.4
kN

11.7 
kN/m

Steel S235
fs = 235 N/mm2

fs,d = 235 / 1.05 = 224 N/mm2

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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Steel S235
fs = 235 N/mm2

fs,d = 235 / 1.05 = 224 N/mm2

-------------------------------------------------------

N = 17 kN = 17000 N

23.4
kN

23.4
kN

11.7 
kN/m

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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23.4
kN

23.4
kN

11.7 
kN/m

Steel S235
fs = 235 N/mm2

fs,d = 235 / 1.05 = 224 N/mm2

-------------------------------------------------------

N = 17 kN = 17000 N
A = 134 mm · 5.6 mm = 750 mm2

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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Steel S235
fs = 235 N/mm2

fs,d = 235 / 1.05 = 224 N/mm2

-------------------------------------------------------

N = 17 kN = 17000 N
A = 134 mm · 5.6 mm = 750 mm2

Stress check
|σ1 | = |σ2 | = N/A = 17000/750 = 23 N/mm2

Spannungsnachweis im Stahlträger
Stress check in the steel beam
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Steel S235
fs = 235 N/mm2

fs,d = 235 / 1.05 = 224 N/mm2

-------------------------------------------------------

N = 17 kN = 17000 N
A = 134 mm · 5.6 mm = 750 mm2

Stress check
|σ1 | = |σ2 | = N/A = 17000/750 = 23 N/mm2

Spannungsnachweis im Stahlträger
Stress check in the steel beam
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23.4
kN

23.4
kN 2 • 11.7 = 23.4

kN/m

11.7 
kN/m11.7 

kN/m

Innere Kräfte im Stahlträger
Internal forces in the steel beam
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Vertikale Lasten
Vertical loads
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Vertikale Lasten
Vertical loads
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Vertical loads on the central column Ground plan with tributary area
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Kritische Längen von Elementen unter axialem Druck
Critical lengths of  elements under axial compression
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RHS Profile (100x100x4 mm)
Area (A) = 1536 mm2Ncr,d
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RHS Profile (100x100x4 mm)
Area (A) = 1536 mm2

Steel grade S235
fs,d = 235/1.05 = 224 N/mm2

lcr = l = 2.5 m = 2500 mm

--------------------------------------------

lcr/√A = 63.8
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RHS Profile (100x100x4 mm)
Area (A) = 1536 mm2

Steel grade S235
fs,d = 235/1.05 = 224 N/mm2

lcr = l = 2.5 m = 2500 mm

--------------------------------------------

lcr/√A = 63.8
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63.8

0.87

Knickkurven von Stahlprofilen
Buckling curves of  steel profiles

Ncr,d



137Fallstudie: Haus R128
Case Study: House R128

RHS Profile (100x100x4 mm)
Area (A) = 1536 mm2

Steel grade S235
fs,d = 235/1.05 = 224 N/mm2

lcr = l = 2.5 m = 2500 mm

--------------------------------------------

lcr/√A = 63.8

Ncr,d / (A · fs,d) = 0.87
Ncr,d = 0.87 · (A · fs,d) = 300 kN

63.8

0.87

Knickkurven von Stahlprofilen
Buckling curves of  steel profiles

Ncr,d
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RHS Profile (100x100x4 mm)
Area (A) = 1536 mm2

Steel grade S235
fs,d = 235/1.05 = 224 N/mm2

lcr = l = 2.5 m = 2500 mm

--------------------------------------------

lcr/√A = 63.8

Ncr,d / (A · fs,d) = 0.87
Ncr,d = 0.87 · (A · fs,d) = 300 kN

Qd,column = 234 kN < Ncr,d

63.8

0.87

Knicknachweis
Buckling check

Ncr,d
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Bolt connection in girder-ceiling-floor bracing 
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Stress field of the 
bolt connection
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Internal forces in bolted joints
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Picture Window House
Shigeru Ban

Birdwatching Tower
Johansen Skovsted Arkitekter

Leutschenbach School
Christian Kerez & Joseph Schwartz

2D ELEMENTS IN PLANE 2D ELEMENTS IN SPACE 3D STRUCTURES
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Picture Window House
Shizuoka, 2002

Architect: Shigeru Ban
Engineer: Hoshino Engineer
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Aufriss
Elevation
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Axonometrie
Axonometry
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Innere Kräfte im Fachwerk
Internal forces in the truss
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School Leutschenbach
Zürich, 2009

Architect: Christian Kerez
Engineer: Joseph Schwartz
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4th floor

Querschnitt und Grundriss
Cross section and floor plan
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Birdwatching Tower
Tipperne, 2017

Architect: Skovsted Arkitekter
Engineer: Ingeniørgruppen Vestjylland APS
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Ansicht und Grundriss
Elevations and floorplan
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Horizontale Einwirkungen
Horizontal forces
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Aktivierung der dreidimensionalen Tragwirkung
Application of  the concept of  3D geometry
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Stapelung und Drehung des Basismoduls
Stacking and rotation of  the basic module
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Complete systemStairs and vertical supportsDiagonal supports

Vereinfachte Axonometrie
Simplified axonometry
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Axonometrie von einem Stahl Modul
Axonometry of  a steel module
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