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Arch-cable structures: Tree structures

Daniel Bonilla: Colombia Pavilion, Hannover Expo 2000
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Arch-cable structures: Tree structures

Christian Menn: Ganter Bridge, Brig, 1980
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Arch-cable structures: Tree structures

Robert Maillart: Simme River Bridge, Garstatt, 1940
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Arch-cable structures: Tree structures

Jürg Conzett: Glenner Bridge, Peiden Bad, 2002
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Arch-cable structures: Tree structures

Jürg Conzett: Glenner Bridge, Peiden Bad, 2002

10



Arch-cable structures: Tree structures

Alvar Aalto: Säynätsalo Town Hall, Finland, 1993
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Alvar Aalto: Säynätsalo Town Hall, Finland, 1993

12



Arch-cable structures: Tree structures

Alvar Aalto: Säynätsalo Town Hall, Finland, 1993
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Arch-cable structures: Tree structures

Alvar Aalto: Säynätsalo Town Hall, Finland, 1993
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Arch-cable structures: Tree structures 15

Gerkan, Mark & Partner, Schlaich Bergermann: Stuttgart Airport Terminal 3, 2004
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Gerkan, Mark & Partner, Schlaich Bergermann: Stuttgart Airport Terminal 3, 2004
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eQ      Tree structure

http://www.block.arch.ethz.ch/eq/drawing/view/25
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Arch-cable structures: Tree structures 21

Gerkan, Mark & Partner, Schlaich Bergermann: Stuttgart Airport Terminal 3, 2004



Arch-cable structures: Tree structures 22

Gerkan, Mark & Partner, Schlaich Bergermann: Stuttgart Airport Terminal 3, 2004
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Gerkan, Mark & Partner, Schlaich Bergermann: Stuttgart Airport Terminal 3, 2004
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Introduction

Waclaw Zalewski, Jerzy Hryniewiecki: Supersam supermarket, Warsaw, Poland, 1962, demolished 2006
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Waclaw Zalewski, Jerzy Hryniewiecki: Supersam supermarket, Warsaw, Poland, 1962, demolished 2006
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Waclaw Zalewski, Jerzy Hryniewiecki: Supersam supermarket, Warsaw, Poland, 1962, demolished 2006
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Introduction

Waclaw Zalewski, Jerzy Hryniewiecki: Supersam supermarket, Warsaw, Poland, 1962, demolished 2006
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http://www.block.arch.ethz.ch/eq/drawing/view/34

eQ      Supersam
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eQ      Lenticular truss
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Terminology and nomenclature 35

Renzo Piano, Richard Rogers, Peter Rice: Centre Pompidou, Paris, 1977



8m 2m

2m

2m

Terminology and nomenclature

Depth or Rise
Diagonal / diagonal member

Members:

Post / vertical member

Bottom chord / horizontal member

Top chord / horizontal member

Column

Node / Joint
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Terminology and nomenclature

- All connections are pin joints

- All elements are straight

- Loads only apply on nodes

- Only axial forces occur

- Trusses consist out of stiff triangles

Assumptions
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Terminology and nomenclature

Trussed beam Trussed frame

Cantilever truss Transfer truss

38
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Statical determinacy of trusses

S = Number of members (Stäbe)

A = Number of support restraints (Auflager)

K = Number of nodes (Knoten)

S + A < 2 * K   The system is unstable/ a mechanism

S + A = 2 * K   The system is statically determinate

S + A > 2 * K   The system is statically indeterminate
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Statical determinacy of trusses

S + A = 7     <  2 * K = 8

The system is unstable/ a mechanism.

S + A = 8     =  2 * K = 8

The system is statically determinate.

S + A = 9     >  2 * K = 8

The system is statically indeterminate.
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Statical determinacy of trusses

S + A = 7     <  2 * K = 8

The system is unstable/ a mechanism.
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eQ      Single panel truss

http://www.block.arch.ethz.ch/eq/drawing/view/36
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pick text from the library!

Case 2: diagonal forces --> name always in the interior of the structure. 
Corner point in the center of the arrow. 
pick text from the library!

cable

+

B

+mx,d

F

B

V

f

+

2

I

A B

F

BA

F

arch

BA

F

I

I

F

A B

BA

F

a1,d

BA

F

I

F

A B

A

B
F

F

f

A

B

I

1/32/3

I

line of the drawing

dimension from the library

2

B

Step 2: manually adapt it to the line of the drawing by 
rotating and streching one of its sides.

Step 1: Pick the dimension from the library Step 3: separate the line of the dimension from 
drawing line a distance of 3.6 mm.

-f

F

a1

Step 4: Pick the text box from the library which 
fits to the text you wish to write and modify the text

g1,d

F

A

v

Step 5: Ungroup and erase the old text.
Build a perpendicular line through the mid point 
of the dimension line and place the center of the text on it.

Point types - hinges / selected points / resulting points
A hinge is a hinge --cicrle with no hatch
A choosen geometric point is a thin black circle with grey hatch
A resulting point is black point

---> take them from the library

Free-Body diagram

In case you draw a free body diagram, make the lines of the bars manually thicker--> 0.35 mm

+f

2

Dimensioning

Please add the units (m) (mm) like in the following way.

25 m or 25.12 m
250 mm or 25 cm
25.1 cm or 251 mm

+f

2

B

s1,d

c1,d

example:

F

II

+

R

f

B

F

3

B

F

h

F

f

F

-

2

3

1

c1,d

III

s1,d

I

F

A

A

point selected on the closing string

f

Force- change line properties 0.28 mm

-

3

f

S

-

S

3

closing string

V

m

B

intersection point of closing string 
and line of action of resultant

F

o'

R''

o'''

q

r''

q

rise point (form diagram)

trial pole (force diagram)o

2

1

hB

Bv

vB

Bh

1F

F1

IV

V

IV

V

5

2

3

1 2

1 2

3

2

2

2

2

2

2
4

4

4

4

5

5

5

6

6 7

2

2

8 9

2

3

3

3

3

3

3

2 4

1 2 3

4 5 6 7 8 9

10 11

1

5

10

6

2

7

8

11

11

8

7

2

6

10

5

1

1110

987654

321

1

1

1

1

1

1

1

1

1

1

1

Analysis of trusses 48



b
a

3
2

1

f e

d

c

a,f

4.

b, 1

c

3.

d

2

3

1. 2.

e

f
88

N
88

3

88

88.88

8.8

7

9

24.5

8.88

kN

13

15.1

1.00

kN

kN

15.1

20.00

m

cm

17.8

8.88
8.8

kN

8

5.00

7

kN

8

kN

kN

f

8

kN

88.8 88.8

mm

88

32

2

7

3

7

kN

m

15.00

13

kN

f

kN

24.5

7

N

8

888

8.8
N

888

kN

15.00

7

kN kN

kN

24
.9

77

7 7

25.1

kN7

54.9

15.00

88

32

kN

f

kN

kN

kN

kN

8.88

50 kN

8888

88.88

7

kN

kN7

24.5

7

f

7

17.8

kN

88

88

24.5

75 kN

kN

15.1

kNkN

kN7 7

7

kN

28.5

5

7

888

m

1.00

88.88

kN

1

4

kN

N

kN

N

88

kN

25.1
15.1

888 mm

8

88.88 kN

mm

100 kN

cm

8.8 8.8

mm

kN

kN

kN

24.5

77

6

f

7

25.1

15.00

88

kN

8

88

88.88

80.2

cm

mm

2

2

kN

kN

kN

kN

kN 7

17.8

cm

m8

8.88

cm88.8
88 N 88

888

5
kN

m

6

kN

f

88.8

7

1

kN

kN

24.5

7 kN

m

kN

f

f

24.5

kN kN7

kN

f

7

24.5

2m

7

2m

28.5

kN

3

7 kN 7 kN

kN

28.5

kN

m

m
m

cm

8.88

88.8

cm

mm

mm

mm
88.88

kN

kN

N

8.8
8.88

cm
N kN

f 6

kN kN

88.8

m

kN

15.1 kN

1

24.524.5

24
.5

15.00

5

kN

kN

m

5

24
.5

f

2m

7 7

17.8

kN

15.00

1.50

kN

kN

kN

kN

kN

kN

kNkN

17.8

3217.8

77kN

kN7kNkN kN kN

54.9

kN

7

kN

kN kN

15.1kN

8m

150 kN

kN

kN

m

13

kN

15.00

888

kN

H

V

B

H

H

h

1

2

A

B

V

VB

H

v

B

H

B

F

B

V

H

IV

A

A

R

A

AV

A

A

1/2

H

1/2

F

R

F

1

1/2

IV

3

F

R

31/2

R

R

A = 0

1/2

B

R

R

F

3F

I

B

B

C

F

h

II

2

A

BA

BA

Bars - keep line properties

A

A B

C

F

A
B

A B

IV

IV

F

IIIV

IIIV

V

III

III

F

C

F

C

F

C

F

IV

I

I

I

I

A

C

V

II

II

II

II

A

F

A

A

C

F

C

F

I

+

III

IV

II

C

V

V

IV

V

F

C

BA

F 3

F

A B

v

C

III

1 I

A B

A

C

F

1

IV

FORM DIAGRAM

A B

R

C

F

F

A B

C

C

F

I

F

A B

II

C

F

III

A B

IV

C

C

F

V

R

III

A B

B

C

F

A

A B

II

C

F

V

1/2

A B

IV

C

F

III

A B

I

C

F

R

2

A B

B

C

F

B = -R

A B

R

C

F

1/2

F

BA

3

C

F

F

BA

A = 0

C

symbol

F

F

3

F
IV

BA

F

F

C

R

BA

1/2

F

C

A

III

1

BA

B

F

C

v

I

BA

h

A

F

A

B

F

A

F

B

F

3

IV

C

F

1

C

A

I

F

II

III

F

IV

V

2

BA

B

II

V

A

V

B

III

IV

III

2

B

I

A

h

B

F

A

A

BA

A B

C

F

A
B

A B

BA

R

4

N

2

N

N
3

4

N

B

IV

IV

F

IIIV

IIIV

V

III

III

F

C

F

C

7

C

F

IV

I

I

I

I

IV

C

V

II

II

II

II

A

F

A

A

C

F

V

IV

III

III

Statisches System

B

A

R

Stab

Knoten

3.4 mm text Arial Narrow / subscript 2.3 mm

C

R

Form Diagram

k = Anzahl der Knotenpunkte / Number of nodes
r = Auflagerreaktionen / Support reactions
s = Anzahl der Stäbe / Number of members

2K = r + s

Stab

Knoten

Static determinacy of a truss

Howe truss

Pratt truss

CD

BA

sliding support

density 3

Force Diagram

Force Diagram

Force Diagram

Force Diagram

Force Diagram

m

length

22area

I IV

support reaction force
kN

area dead load 2

linear dead load

area life load 2

linear life load
kNG

life load

prestress forceP
kN

N internal tension force

generic force
ε

2MPaN/mm
generic strain

M

Transfer
truss

Cantilever
truss

FrameBeam

S + A = 6 + 3
2 x K = 8

S + A = 5 + 3
2 x K = 8

S + A = 3 + 4
2 x K = 8

Cremona- Construction with notation
external eq..corner point of name goes to the center of the line

F

I

V

III

IV

II

C

Druck
Zug

Nullstab

A B

V

IV

III

III

C

F

II

V
IV

III

I

Waddell „A“ Truss

Bowstring

Fink

Howe

Pratt Parker

Camelback

Double Intersection Pratt

Baltimore

Pennsylvania

K-Truss

Warren

Warren (with Verticals)

Double Intersection Warren

Lattice

F

B

IV

V

F

C

BA

Force Diagram

R

III

I

R

A

F

2

1

3

F

F II

B

intersection point --> result

Force 0.28 mm 
Bar 0.35 mm

Drawing Conventions - Latest Update 17.09.2015

C IC

n

i

geometric planes

o''

r' r'''

CD

BA

1

B

C

R

R

R

R

F

h

S + A = 4 + 3
2 x K = 8

R

A

R

R

B

B

A

A

H

B

R

G

1

B

G

G

2

G

9

F

h

V

F

F

F

F

F

h

v

9

E

B

E

E

Lmax

Lmin

B

erf

Nd

iA

Ni

9

8

7

6

5

4

3

n

n

n

n

n

n

n

1

2n

n f a1+

g1f

B

f +s1

c1+f

+r1f

f mx+ f -mx

f r1-

-f c1

s1f -

f -g1

-a1,df

g1,d

B

E

R

h

D

D

v

F

D
5

B

HF

F

2

VI

DB

2

H

H

F

F

2

H

1

4

G

3

1

VI

A

BA

F

F
3

v

3

F

4

B

A

E

A

F

VII

E1

D

D

A

R

v

A

A

3

4

A

F

B

VII

VII

II

FORCE DIAGRAM (1cm=10kN in A4)

A

B1

B

B

B

3

B

2B

B

6

5

F

A

A

A 8

7

B8

B

B

C1

C

C3

h

A

VII

C

C5

C

7C

3

9

8C

1

2D

F

B

II

I

B

III

B

IV

v

A

VI

R1/2 3F

!A = 0

3F

A

B

B
R1/2

B

1

v

hB
!

2

VI

F3
R1/2

F

A = 0!

F3

F

1F

IV

2F

III

B

Bv

I

hB

II

h

I

Bh

F3

v

F

F2

IIIC

1

B

S
II

!

SC

A = 0

IVICS

D

I

F

C

6

II

4

A = 0

II

2

I

!

9

2

1

V

A

III IV

F

9

V VI

4

F

VII VIII

7

B

IX X

3

h

6

parallel lines

5

v

A

1

3

R

2

B

3

I

4

R1

R

2

1

3E

E

II

2

1

F

F

4

R

G1

G2

3

1

G

B

1

R

H

1

3

v

4

III

A

R

C

1

E

3

G

R

D

1

6

III

7

8

R

9D

5

R

6

F

7

1

8

1

E

IV

5

F

6

R

7

R

8

B

F

1

5

1

6

v

7

8

9G

5

R'

H

H

8H

9H

6

7

DAv

A h

Bv

hB
vC

R

C
v

Dh

Q

Q

Q

Q

Q

Q

Q

Q

Q
Q

1

2

3

4

5

6

7

8

9

5N N5

R1

2R

1

3

h

R

R

1

R

N

B

4

3

1

N

1

N

F

2

1N
R N N

5R

6

7R

R

8R

9R

6

N

N

N

N9 9N

N8

N

N
6

7

8

R

P

P

P

P

P

P

P

P

P
P

1

2

3

4

5

6

7

8

9 9

8

7

6

5

4

3

2

1

P
P

P

P

P

P

P

P

P

P

Step 6: Copy the perpendicular line and place it 
through the corner of the text margin which is 
more near to the dimension line. Then, move the 
text box to the dimension line keeping the center 
of the box on the first perperdicular. Then group 
the text and the dimension line.

R

R

1

-

3

f t ll

II

2

+t ll

F

f ll

1

I

ll

Text for dimensions 2 mm Arial Narrow

2.3 mm text Arial Narrow

generic security factor
meaning units

+

VII

γ
γ = 1,35

= 1,5γ
security factor material
security factor external load
security factor self-weight

f
E
t
h
b

l
A

CBA
R

I

A'
A

hinge

chosen point by the designer
resulting point (intersection etc.)

44m /mmmoment of inertia

direction of rotation in cremona

section mark

symmetry

f

hinge support

t    ,d

kg/m

VI

ρ

2N/mmgeneric strength of material

Elastic/Young’s modulus 2N/mm
mthickness

depth m

III

width

-

m

f

mm

V

m

t    ,d

subsystems (force elements where necessary)

t

IV

II

IV

III

F

nodes in diagrams (where necessary)

f

kN

-

resultant force

III

kN/m

+

kN/m

t

g

I

kN/m

1

q

f

dead load

f

kN/m

II

kN

mx,d

Q

-

kN

1

N

B

internal compression force

3

kN

1/2

F

t    ,d

kN

f

σ

F

kN/cm

-

2

t    ,d

mm/mm

B

generic stress

R

γExternal force, 1 mm distance to structure / forces
Support forces, use margin symbol support

support force is 1.5 cm long, but in case it its represented in 
horizontal and vertical components it is relatively 
related to the magnitude

Uniformly distributed load: 0.5 cm and arrowhead 2mm

Resultant Force: 2 cm long and arrowhead 4.5 mm
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node numbers (Roman) (I,II, etc) from the library.
if possible, place the node number to the right of the node
also if possible below the node
otherwise use your eye.

Position of arrowheads

element / subsystem numbers, from library. always in the center of the line
Notation - Form Diagram

Arrows & Arrowheads - Lengths

Notation - Force Diagram
Cremona- Construction without notation
only external forces..full arrow head

Cremona- Construction without notation
inner forces always precise without arrowhead, 
external with an offset of 1.0 mm and with half arrow heads when internal eq is also shown
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Dimensioning

Cremona- Construction with notation
internal eq..offset from inner to external 1.5 mm
Node number goes to barycenter of the triangle

Case 1: vertical forces --> name always on the right side of the force, in the center
pick text from the library!

Case 2: diagonal forces --> name always in the interior of the structure. 
Corner point in the center of the arrow. 
pick text from the library!
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Point types - hinges / selected points / resulting points
A hinge is a hinge --cicrle with no hatch
A choosen geometric point is a thin black circle with grey hatch
A resulting point is black point
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also if possible below the node
otherwise use your eye.

Position of arrowheads

element / subsystem numbers, from library. always in the center of the line
Notation - Form Diagram

Arrows & Arrowheads - Lengths

Notation - Force Diagram
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node numbers (Roman) (I,II, etc) from the library.
if possible, place the node number to the right of the node
also if possible below the node
otherwise use your eye.

Position of arrowheads

element / subsystem numbers, from library. always in the center of the line
Notation - Form Diagram

Arrows & Arrowheads - Lengths

Notation - Force Diagram
Cremona- Construction without notation
only external forces..full arrow head

Cremona- Construction without notation
inner forces always precise without arrowhead, 
external with an offset of 1.0 mm and with half arrow heads when internal eq is also shown
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Cremona- Construction with notation
internal eq..offset from inner to external 1.5 mm
Node number goes to barycenter of the triangle

Case 1: vertical forces --> name always on the right side of the force, in the center
pick text from the library!

Case 2: diagonal forces --> name always in the interior of the structure. 
Corner point in the center of the arrow. 
pick text from the library!
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Case study: Lufthansa maintenance hall V

ABB Architects, Dyckerhoff & Widmann, Maintenance hall V, Frankfurt, 1972
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Step 6: Copy the perpendicular line and place it 
through the corner of the text margin which is 
more near to the dimension line. Then, move the 
text box to the dimension line keeping the center 
of the box on the first perperdicular. Then group 
the text and the dimension line.
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Arrows & Arrowheads - Lengths

Notation - Force Diagram
Cremona- Construction without notation
only external forces..full arrow head

Cremona- Construction without notation
inner forces always precise without arrowhead, 
external with an offset of 1.0 mm and with half arrow heads when internal eq is also shown

Cremona- Construction with notation
external eq..corner point of name goes to the center of the line

Dimensioning

Cremona- Construction with notation
internal eq..offset from inner to external 1.5 mm
Node number goes to barycenter of the triangle

Case 1: vertical forces --> name always on the right side of the force, in the center
pick text from the library!
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Point types - hinges / selected points / resulting points
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A resulting point is black point
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Free-Body diagram
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Planar trusses 

Introduction 

Statical determinacy of trusses

Analysis of trusses
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Construction of trusses

Terminology and nomenclature

Arch-cable structures: Tree structures
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Construction of trusses

Gustav Eiffel, Theophile Seyring: Maria Pia bridge, Porto, 1877
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Construction of trusses 91

Squire Whipple, Cairo Rail Bridge, Illinois, USA, 1899



Construction of trusses 92

Squire Whipple, Cairo Rail Bridge, Illinois, USA, 1899



Construction of trusses

Friedrich August von Pauli, Heinrich Gerber, Ludwig Werder: Isarbridge, Grosshesselohe, Germany, 1857
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Construction of trusses

G. H. Lohse: Elbebridge, Hamburg, 1868
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Construction of trusses 95

Sir Horace Jones, Sir John Wolfe Barry: Tower Bridge, London, 1894



Construction of trusses

Office Eiffel, Maurice Koechlin: Eiffel tower, Paris, 1889
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Construction of trusses 97

Sir John Fowler, Benjamin Baker, Firth of Forth Bridge, Edingurgh, 1890



Construction of trusses 98

Michael Hopkins, Anthony Hunt, Mark Whitby: Patera Building, Stoke on Trent, 1982



Construction of trusses

Minoru Yamasaki, John Skilling, Leslie Robertson: World Trade Center, New York, 1973, destroyed 2001

Concrete

Ceiling tile

Floor tiles

Corrugated steel truss covering

Heating, ventilation, air-conditioning

Air-conditioning slit

Telephone and power outlets

Lighting fixture
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Construction of trusses 100

William Pereira, Chin&Hensolt: Transamerica Tower, San Francisco, 1972
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William Pereira, Chin&Hensolt: Transamerica Tower, San Francisco, 1972



Construction of trusses 102

       Pratt            Parker       K-Truss

       Howe            Camelback        Warren

       Fink       Double Intersection Pratt     Warren (with Verticals)

    Bowstring               Baltimore        Double Intersection Warren

 Waddell “A” Truss            Pennsylvania      Lattice
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Construction of trusses 104

Lifschutz, Techniker: Royal Victoria Dock Bridge, London, 1996



Construction of trusses 105

Lifschutz, Techniker: Royal Victoria Dock Bridge, London, 1996



Construction of trusses

Ney + Partners: Thuin Bridge, Wallonia, Belgium, 2005
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Construction of trusses

Ney + Partners: Thuin Bridge, Wallonia, Belgium, 2005
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Construction of trusses

Timber Frame Houses, UK
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Construction of trusses

Traditional Timber Framed House, Safranbolu, Turky, 19th century
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Construction of trusses 110

I.M. Pei, Robertson, Fowler and Associates: Bank of China, Hong Kong, 1989



Construction of trusses 111

SOM, William F. Baker: Burj Khalifa, Dubai, 2010
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Construction of trusses 115

Frederic-Auguste Bartholdi, Gustave Eiffel: Statue of Liberty, New York, 1886


