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introduction 



 Location: Minneapolis 
 Building Size:522,656                 

square feet total 
 Loading: Six(6) internal loading 

docks 
 Year Built:1970 
 Architect: Gunnar Birkets 
 Area: Up to 37,000 square foot 

data center space available 

The Federal Reserve Bank of Minneapolis is a 
famous suspended building. The structural form 
of the building was built referring to the 
suspension bridges. The two tall towers on the 
sides are of the same function of the bridge piers. 
Between the two towers, steel trusses were set at 
the top; and vertical steel columns were hanging 
on the trusses to hold the building.  
The vault and safe of the bank were built under 
ground. Above the ground, there are 16 stories of 
offices. The covered area of the building only 
comes from the two tall towers, which are 100 
meters apart from each other. Between these two 
towers, the 16-story-office space is built on stilts, 
so that the space underneath is connected to the 
square in front of the building. This design works 
not only on the function but also on the façade. 
This building represents the unique structural form 
from using different types of windows to 
distinguish the inside and outside of the hanging 
cable. 
 



Reserve Bank of Minneapolis did not choose any of the 
traditional structural systems; instead, he made it the 
first suspended building. It is universally acknowledged 
that a suspension system is usually applied to bridges, 
which do not need to hold massive loads, for its long-
span capability and ability to withstand lateral movement. 
When putting a suspension system into a building, 
however, difficulties may arise because buildings have 
larger loads than bridges， and it is tolerable for bridges 
to sway- not buildings. How these difficulties are solved 
is what brought about our interest in the structure.  
In this study, we analyze the concept of the design, 
functions, and circulation to figure out why the 
suspension structure was chosen. Then we discover how 
this structural system works on the building by analyzing 
the construction and the reaction of loading through 
Multiframe. 

Generally speaking, there 
are several structural 
systems that can be 
applied to a 16-story 
high-rise building with 
efficiency and capability 
of supporting the loads. 
To be distinct, the 
designer of the Federal  



background 



ARCHITECT 

Gunnar Birkerts was born in Riga, Latvia, in 1925. The 
son of scholars and  
folklorists, Birkerts was  
surrounded by the history  
of his country from an  
early age. The stories his  
parents shared with him  
became a source of  
creative inspiration that  
influenced Birkerts' work  
throughout his career as  
both an architect and an  
educator. He graduated  
from the technical  
university Stuttgart in  
1949,with the degree of  
diplom-Ingeneur  
architect. He is the  
professor of architecture  
at university Michigan in  
1959-1990. He is one of  
America’s greatest post- 
war architects, transformed  

modernism with metaphor  
and materiality. 



DESIGN CONCEPT 

 
 
 
 
Another important purpose is 
to bring in as much sunlight 
as possible. To give the 
people working inside great 
views of the city, a glass 
curtain wall was put on the 
whole front facade. To 
achieve this, the engineers 
Skilling Helle Christiansen 
and Robertson chose the 
suspension system. 
 

This remarkable building consists of an office tower 
that bridges 330ft (100 m) across the top of the plaza 
and a high-security facility below the plaza. The 
building epitomizes the effective use of tension in its 
application to high-rise buildings. 

This building is required to 
span over the public square 
underneath so that the 
landscape would not be cut 
off by the building. This 
concept created an open 
space which can offer broad 
views of the city and a place 
people can stay.  



STRUCTURAL SYSTEM 

Suspended buildings, which have roofs or floors 
hanging from the towers, uses scattered steel cables 
to hold the loads. It gives full play to the mechanical 
properties of steel, which can increase the span of 
the structure and reduce the material consumption. It 
also makes the building form more flexible. With the 
development of the theory of structural mechanism 
and steel strength increasing, suspension systems are 
gradually applied into buildings widely since the 1950s. 
The suspension systems can be applied in both 
single-story buildings and high-rise buildings. 
High-rise suspended buildings are mainly consist of 
towers, hangers, steel cables and floor slabs. The 
towers are usually constructed in reinforced concrete 
structural systems and steel structural systems. The 
inner sides of the floors are supported by the 
wellbores, when the outside hang by steel cables. All 
of the loads are transferred to the center or at the 
ends of the towers, and then to the foundations. 
Referring to the levels, planes and the three-
dimensional shape of the buildings, it can be top 
suspension or grouping suspension, and the ways of 
suspension can be separated into truss suspension 
and inclined-tensioned-rod suspension. 



Architectural analysis 



Marquette Plaza is a high-rise 
building in downtown 
Minneapolis, Minnesota located 
at 250 Marquette Avenue. 
The Federal Reserve Bank of 
Minneapolis overlooks the 
Mississippi River from the 
historic Bridgehead Site. The 8-
acre site is at the junction of the 
City's two major streets: Nicollet 
Mall and Hennepin Avenue. 
North of the site is a Riverfront 
park and the West River 
Parkway. To the south and west 
is the Historic Warehouse 
District, dating back to the late 
19th century. Now the Federal 
Reserve Bank of Minneapolis 
becomes the Marquette Plaza 
which boasts wide-open floor 
plates of approximately 37,000 
square feet – perfectly suited to 
contemporary, open-office 
designs. 
 

LOCATION 



FUNCTIONS 

The functions of the 16-story 
main building are basically for 
offices and management. 
Independent office areas are 
on the top floor, 
comprehensive office areas 
are at the bottom floors. 

Bank vaults and parking garage are built 
in underground. It gives space to the 
continuous square and reduces the 
building-covered area. 

The three towers of the 
building are of the vertical 
circulation space. The two on 
both sides also carry the 
vertical loads of the building. 
The one in the middle keeps 
the building away from 
swaying. 



CIRCULATION 

The visiting route are mainly at 
the bottom floors, and connect 
to the outside through the two 
towers. 

Employees of the bank go to 
their working places through 
three towers. 

The vaults of the bank has a 
private circulation . 



structural analysis 



CHARACTERISTICS OF SUSPENSION SYSTEM 

Buildings are 
usually designed 
with  rectangular 
grid and columns 
are usually 
designed at the 
intersection of the 
grid lines.  

The suspension 
system gives large 
space to the 
building by taking 
away all the 
columns inside. 



Most of the high-rise office buildings would set basements. 
Normally, the occupancy load would be transferred from 
beams to columns, and then to ground. The Federal Reserve 
Bank of Minneapolis takes away 3 floors above the basement, 
to make the main building hanging in the air. The load would 
be transferred horizontally to the towers. 



Trusses  usually would be set under the floors and connected to the 
columns at the end to hold the occupancy load of long-span 
buildings. 
Designer of the Federal Reserve Bank of Minneapolis moved the 
trusses to the roof of the building to make the occupancy load 
hanging on it. 

In the structural design of the Federal Reserve Bank of Minneapolis, 
towers on the two sides are of the same function as pier. Cables 
pull the towers to bend toward inside, and the trusses on the roof 
push them back. 



COMPONENTS 



VERTICAL  LOADING  DESIGN 

Occupancy loads are 
distributed on each floor. 

The floors are connected to 
the two towers on the sides 
and supported by the trusses 
underneath. 

The loads are mainly transfer 
to the trusses.. 

The trusses transfer the loads 
to the columns on the outside 
of the floors. 



The columns are attach to the 
two cables, and transfer the 
loads to them. 

The two cables hanging on the 
roof trusses and transfer the 
loads to the trusses. 

The roof trusses are pinned to 
the two towers and transfer 
the loads vertically to towers. 



The Live load and the dead load on each floor are supported 
by the trusses under each floor. The struts transfer the 
reaction force of the trusses to the cables. Thus, struts above 
the cables are tensioned, and struts below the cable are 
compressed. 



The floors are connected to the 
two towers, and part of the loads 
are transfer to the towers. Thus, 
there are reaction forces on the 
towers in order to hold the floors. 



While the cable being pulled towards down, the roof space 
truss keep the towers from bending towards inside, so that 
the distance between the towers would not reduce, which 
restrict the movement of the cable. The loads are transferred 
vertically to the ground from roof space truss through the 
towers. 



LATERAL LOADING DESIGN 

Columns hold the vertical loads. 
Any type of building can be 
regarded as a cantilever beam 
fixed on the ground when facing 
wind load.  
  

To resist the lateral wind load, structural systems like 
beam type, truss type and frame would usually be applied 
to the buildings. The Federal Reserve Bank of Minneapolis 
applies cable system, and uses horizontal steel trusses to 
sustain the loads. 





All the vertical loads and lateral loads are transferred to 
the two towers. In order to keep them stable, the towers 
are designed as two I-shaped beams, because it would 
help to enforce the resistance to lateral load. 





DEFLECTION 

Most of the members in the building are compressed,  
The main tensioned member is the steel cable. 



Different deflections in roof space trusses 

Different deflections in the towers 



MULTIFRAME 

Vertical loads 

Moment 

 Load Case 1  

Sections
HP12x84

W44x335

W14x342

HP8x36

S8x23

Default Color
All loads

y

x

y

x

y

x
Shear 



Axial forces 

y

x

y

x

Deflection 



 Load Case 1  

Sections
HP12x84

W44x335

W14x342

HP8x36

S8x23

Default Color
All loads

y

x

y

x
Moment 

Lateral loads along long axis 

y

x

Shear 



y

x Axial forces 

y

x

Deflection 



 Load Case 1  

Sections
HP12x84

W44x335

W14x342

HP8x36

S8x23

Default Color
All loads

y

x

y

x

y

x

Moment 

Lateral loads along long axis 

Shear 



y

x

y

x

Axial forces 

Deflection 



 Load Case 1  

Sections
W44x335

HP8x36

Default Color
All loads

y

x

54.027

8.63212.612

20.552

122.359

48.688

56.121

9.786

12.612

43.561

23.577

28.429
28.91

0.782

70.971

68.33310.437

24.40218.592

76.651

76.673
11.611

36.151

72.269

72.265

44.82
9.786

31.563

46.395

44.347

44.343

100.131

47.966

9.816

9.837

26.695

115.792

15.424
15.075

45.955

25.624

25.714

55.032

49.956

11.379 2.839 13.199

58.387

58.006

49.822

17.236

47.604

13.16313.24

77.921

79.528

34.86
5.475

47.326

100.549

61.117

54.176

16.194

25.044

46.407

32.059

0.992

2.225

3.027

41.818

36.266

11.824

1.091

1.861

34.888

55.361

18.759
24.421

10.233

59.74

52.944

52.678

43.033

166.531

8.439

0.602

28.76528.248

77.816

79.385

6.224

16.796

23.384

43.391

58.603

58.231

4.381
5.232

49.989
49.472

15.333

5.472

55.896

48.55

25.945

26.034

50.197

100.2625.739

165.602

122.028

20.519

9.468

9.489

42.658

54.001

43.996

43.992

55.31

35.158

50.055

100.28

12.538 8.558

53.952

71.937

71.933

41.948

3.294

0

76.394

76.416

25.208 16.003
70.715

68.076

5.656

34.676

17.044

49.652

9.712

12.538

49.731

54.894

115.461

26.663

9.712

44.746

Static Case: Load Case 1  Mz' (kip-ft)

 x

 y

 z

5.525

1.642

7.007

12.047

4.467

9.507

0.427

1.956

6.996

0.573

4.467

2.653

3.064

1.976

2.92

5.704

0.664

2.753

1.642

7.717

2.677

1.689

12.393

7.353

0.374

9.499

0.485

4.555

0.978

6.999

2.399

2.641

2.217

4.471

4.811

0.229

2.999

1.959

7.338

12.378

2.196

0.59

2.711

7.751

0.023

2.99

0.686

5.726

0.015

6.017

1.952

3.088

2.146

6.381

23.329

4.443

0.597

2.994

3.069

6.972

1.932

2.225

0.0570.017
2.685

9.483

4.443

0.99

5.015

23.633

12.023

6.983

0.361

6.444

1.676

6.031

5.011

1.642

5.525

2.74

3.016

0

2.911

0.614

2.644

1.935
4.446

0.424

6.975
9.475

1.642

Static Case: Load Case 1  Vy' (kip)

 x

 y

 z

Axial forces 

Moment 

Shear 





Material 

Reinforced Concrete  

Steel 

The Federal Reserve Bank 
of Minneapolis needs a 
strong, durable and 
construction on the both 
side of the Building. The 
reinforced concrete have 
the following properties, it 
has high relative strength, 
and high toleration of 
tensile strain and thermal 
compatibility. 

Steel possess 
characteristics such as 
high strength, light weight, 
good integral rigidity and 
good flexibility. It is 
suitable to be used in 
building long-span, high-
rise and high-density 
buildings. It has good 
plasticity and ductility, so 
that it can bear large 
deformation and dynamic 
loads. 

Reinforced concrete 

Steel 

Glass  



Soil Condition In Minnesota 





From the diagrams we can find that the soil in 
Minneapolis is primarily till. The characters of the 
till can be described as no hierarchy, no 
separation, but the stone, gravel, sand and 
cohesive soil mixed and disorderly accumulation, 
distribution is not uniform; On the moraine soil 
engineering construction, attention should be 
paid to non-uniformity of glacial deposits. 
Without water carrying, directly from the ice 
moraine soil shelved in the impervious material 
can be used as an earth dam, and chemical 
cementation moraine soil with high density, is 
often a good building foundation. 



The building apply the friction pile system because 
the soil condition is good for building construction. 
Friction piles can carry loads by frictional forces 
developed during driving or by transferring the loads 
directly from the building structure to an underlying 
bearing stratum . 



• Number Of Piles: 75  
• Size of Piles: 24” x24”  
• Deep of Piles: 40 ft 
• Distance Of Piles: 72” 



Summary 

All in all, the advantage of suspension system is: 
 
1. The functiIt consumes less steel. 
2. The function or rooms is much more 

effective, because it does not need the 
column or shear wall. 

3. It is good at resistant the earthquake. 
4. It can decrease the number of foundation 

and also can avoid the uneven settlement.  

The disadvantage of suspension system is: 
 
1. It is difficult to resist lateral force, especially 

for wind load. 
2. It may have more vibration comparing with 

otherl buildings. 
3. The shape is simple, normally symmetry. 


