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Ljubljana - Slovenia
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Ljubljana - Slovenia
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Ljubljana - Slovenia
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Views
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Challenges of the site
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Climate conditions
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Study of orientation
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Study of program

A SE   MEP  CM



Health Concept Design Goals

• Impact human health environment• Impact human health environment

• Influence human health decisions

• Reflect local health conditions

• Maintain healthy balance and equilibrium

• Generate a culture of health involvement

Health Concept Design Goals

human health environmenthuman health environment

human health decisions

local health conditions

healthy balance and equilibrium

a culture of health involvement
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Health Concept

�È Water

5 Metal

Health of Balance

�u Earth

�ŒWood

Health of Balance

!F Fire
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Networks of Health

Health of Body Networks

Health of Urban Networks

A   SE   MEP  CM



1.Urban Visual Analysis

1.

1. City Block Size
����� �����

2. Structural Age

1.

2. Structural Age
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3. Real Estate Price
��� � 3.
4. City Noise
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2.

2.2.

4.
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Connection with Ljubljana City & Green Ring

�"�#�"�$��%�����&������#��$��

Connection with Ljubljana City & Green Ring
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Big idea

A SE   MEP  CM



Urban design

A SE   MEP  CM



Floor plans
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Floor plans
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Floor plans
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Section
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Section view -through auditoriumauditorium
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Facade Details
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Facade
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Visualization
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Local Site Connections
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Food Connection
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Social & Mental Connection
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Constraint Earthquake
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Soil Profile – High Water Table 

Waterproof
Concrete Slab
Below-Grade
on Pre-stressed 

Waterproof 
Basement

Concrete Piles

Highly Plastic Clay 14 m

High Water Table 

Silty Clay 1 m

6.2 m 
Below Grade 

3.5 m 
High Water Table

Silty Clay 1 m

Sandy Clay 5 m

Below Grade 
Foundation

Highly Plastic Clay 14 m
(<50 kPa)

20 m End-
Bearing 
Silty Gravel Silty Gravel

(<50 kPa)
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Silty Gravel 
Layer
(280 kPa)

Silty Gravel



Sub-grade Waterproofed Slab

300 mm300 mm

300 mm

300 mm300 mm

Hydrostatic Pressure = 36.26 

grade Waterproofed Slab

Finish Floor Covering

Mat Foundation

Reinforcing SteelReinforcing Steel

Protection Board

Waterproofing Membrane

Concrete Slab or Mud SlabConcrete Slab or Mud Slab

Compacted Fill

Unexcavated Ground

A SE MEP  CM

Hydrostatic Pressure = 36.26 kPa



Foundation Design

Pile Cross-section Design

Wire Spiral Ties

Equally Spaced

Cover 150 mm

Pile Cross-section Design

D =500 mm

Equally Spaced
½” PS strands

10 Piles 
per side920 m230.48 m

30.48 m

Foundation Uplift DesignFoundation Uplift Design

Flooding Uplift:  65,500 kN

A SE MEP  CM

Flooding Uplift:  65,500 kN
Pile Skin Friction: 79,000 kN
Pile Length:  12.8 m



Foundation -Retaining Wall

• Retaining Design
• Height: 7000 mm• Height: 7000 mm
• Width: 450 mm – 3000 mm

• Reinforcement Design

• Provide the Tieback Anchors to increase• Provide the Tieback Anchors to increase
friction due to large horizontal pressure.

increase the slidingincrease the sliding
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SteelSteel

Structure alternative

SteelSteel

Slab: Composite slab

Beam/Girder: H-Section  

Gravity

Column:          H-Section

Buckling restrained braced frameLateral Buckling restrained braced frameLateral

ConcreteConcreteConcreteConcrete

Slab: Post-tensioned

Beam: Post-tensioned 

Buckling restrained braced frame

Column: Cast in situ 

Shear wall

A SE MEP  CM

Buckling restrained braced frame Shear wall



StrengthStrength

Comparison between two systems

StrengthStrength

Steel
• High strength / weight ratio
• Long spans

ConstructabilityConstructability

Steel
• Standardized shape and 

material properties
Concrete
• High compressive strength

material properties
• Easy to assemble

Concrete
• Formwork
• Can be cast into desirable • Can be cast into desirable 

shape

Comparison between two systems

ConstructabilityConstructability

Standardized shape and 
material properties

OtherOther

Steelmaterial properties
Easy to assemble

Can be cast into desirable 

Steel
• Recyclable

Concrete
• Resistance to corrosion and 

fireCan be cast into desirable fire
• Larger thermal mass
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Gravity and Lateral load

Gravity

Steel
[kN/m²]

Concrete
[kN/m²]

WindWind

Roof 15 19 113

2nd floor 16 20 72

1st floor 16 20 531st floor 16 20 53

G floor 16 20 23

Lateral

Steel [kN] Concrete [kN]

Wind Earthquake Wind EarthquakeWind Earthquake Wind Earthquake

113 1300 113 1780

1150 72 1440

420 53 520420 53 520

0 23 0
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Steel structural grid ground

Slab: 130 mmSlab: 130 mm
Girder:  HEM 400Girder:  HEM 400Girder:  HEM 400Girder:  HEM 400
Beam:  HEA 280Beam:  HEA 280
Filler beam: IPE 160Filler beam: IPE 160
BRBF: 220x20
Column: HEB 240Column: HEB 240

[mm] A SE MEP  CM



Steel structure grid 2 nd

Slab: 130 mmSlab: 130 mm
Girder:  HEM 400Girder:  HEM 400Girder:  HEM 400Girder:  HEM 400
Beam:  HEA 280Beam:  HEA 280
Filler beam: IPE 160Filler beam: IPE 160
BRBF: 220x20
Column: HEB 240Column: HEB 240
Column: HEB 180
Cantilever 
Diagonals: 30 mm

Cantilever  Cantilever  
4000 mm

[mm]

Cantilever  Cantilever  
mm
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Concrete structural grid 1 st

PT SlabPT Slab: : 250 m250 mmm
PT Beam:PT Beam: 350X300350X300 mmmmPT Beam:PT Beam: 350X300350X300 mmmm
Column: 300X300 mm
Shear wall: 30 0 mm

Cantilever
Auditorium

Cantilever  
2300

[mm]

Cantilever  
2300 mm

A SE MEP  CM

Cantilever  
6000 mm



Load path - Gravity

Slab

Beams

��������+

Beams

Girders 

Columns  

A SE MEP  CM



Load path for Cantilever  - Lateral
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Lateral
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Building profile
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HVAC options pros/cons
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Ventilation concept

1� .������$��3�$�������$1� .������$��3�$�������$1� .������$��3�$�������$1� .������$��3�$�������$
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Indoor climate
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2nd Floor South - Ventilation airflowsVentilation airflows
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2nd Floor South – Duct sizes

A   SE   MEP CM



2nd Floor North – Ventilation air flowsVentilation air flows
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2nd Floor North – Duct sizes
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1st Floor – Ventilation airflowsVentilation airflows
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1st Floor South – Duct sizes

A   SE   MEP CM



1st Floor North – Ventilation airflows Ventilation airflows 

A   SE   MEP CM



1st Floor – Duct sizes
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Ground floor – Ventilation airflowsVentilation airflows
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Ground floor – Duct sizes
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Distribution tree
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Sandwich floor - Concrete
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Sandwich floor - Steel
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Mechanical room
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Sustainable target value
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Big idea
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Big idea
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Urban design
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Floor plans
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Floor plans
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Floor plans
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Floor plans
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Section
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Facade Inspiration and DetailsDetails
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Facade
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Visualization
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Gravity and Lateral load

Gravity

Steel
[kN/m²]

Concrete
[kN/m²]

Wind
[kN/m²] [kN/m²]

Wind

Roof 15 19 75

2nd floor 16 22 150

1st floor 16 22 1251st floor 16 22 125

G floor 16 22 35

Lateral

Steel [kN] Concrete [kN]

Wind Earthquake Wind EarthquakeWind Earthquake Wind Earthquake

1300 75 2060

1150 150 1610

420 125 590420 125 590

0 35 0
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Steel structural grid Ground

Slab: 130 mmSlab: 130 mm
Girder:  HEM 400Girder:  HEM 400
Beam:  HEA 340Beam:  HEA 340
Filler beam: IPE 160Filler beam: IPE 160
BRBF: 220x20
Column: HEB 240

[mm] A SE MEP  CM



Steel structural grid 2 nd

Slab: 130 mmSlab: 130 mm
Girder:  HEM 400Girder:  HEM 400Girder:  HEM 400Girder:  HEM 400
Beam:  HEA 280Beam:  HEA 280
Filler beam: IPE 160Filler beam: IPE 160
BRBF: 220x20
Column: HEB 240Column: HEB 240
Column: HEB 180
Diagonals: 30 mm
Cantilever:  

Cantilever  
8000 mm

[mm] A SE MEP  CM



Concrete structural grid 2 nd

PT SlabPT Slab: : 330000 mmmm
PT Beams: 300X250 mmPT Beams: 300X250 mmPT Beams: 300X250 mmPT Beams: 300X250 mm
Int. Column: 450X450 mm
Ext. Column: 250 X250 mm
Diagonals: 50 mm
Shear wall: 300 mmShear wall: 300 mm
Cantilever: 
Footprint: 

Cantilever  
8000 mm

[mm] A SE MEP  CM



Concrete Structural PT Slab

Inside the Core
• One-Way Banded with Beams• One-Way Banded with Beams

Outside the Core
• Two-Way Banded PT Flat Slab

• Shear Studrails

[mm]

Concrete Shear Core

A SE MEP  CM

Concrete Shear Core
Vertical Penetration
PT Tendons



Cantilever Solution   

50mm 
Diameter RodDiameter Rod
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Cantilever Solution

Resist excessive vertical drift due to dynamic loadResist excessive vertical drift due to dynamic loadResist excessive vertical drift due to dynamic load

A SE MEP  CM

Resist excessive vertical drift due to dynamic load



Ventilation concept
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1st Floor North – Ventilation airflowsVentilation airflows
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1st Floor North – Duct sizes
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1st Floor South – Ventilation airflowsVentilation airflows
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1st Floor South – Duct sizes
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2nd Floor North - Duct sizes
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2nd Floor North – Ducts sizes
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Distribution tree
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Sandwich floor - Concrete
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Sandwich floor - Steel
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Heating – Underfloor convectorsUnderfloor convectors
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Energy consumption
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Energy consumption
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Sustainable target value
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Logistics – site access
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Logistics – site access
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Logistics – parking & public transit
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Logistics – site layout
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Site Management – runoff, dust, noiserunoff, dust, noise
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Site Management – runoff, dust, noiserunoff, dust, noise
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Site Previews

Site entrance & tire washing 

Laydown & crane

Security gate & parking lot 

A   SE   MEP  CM

Building & dumpsters



Local Suppliers
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Construction Equipment

Crane: Liebherr LTM 1250Crane: Liebherr LTM 1250

Max. capacity: 100t

11.5t at 52m (Max. reach on site) 

Excavator: Komatsu  PC210LC

Dozer: Komatsu 51PX 

Skid

12501250

at 52m (Max. reach on site) 

Komatsu  PC210LC

Forklift: JCB 540-170 

A   SE   MEP  CM

Skid -steer: Komatsu  SK510



Construction Safety

– Design for safety: BIM-based safety rule checking 

– Virtual training and education (Fang, 2013)

– Real-time tracking, monitoring, and warning 

based safety rule checking (Zhang, 2012)

(Fang, 2013)

and warning (Pradhananga, 2012)
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Schedule – DD  vs SQ

M1: Excavation complete

M3 - Total duration: 330 days

M3 - Total duration: 360 days C1: Ground freezing 

M2: Enclose buildingM1: Excavation complete

40 days40 days

A   SE   MEP  CM

C2: Early lab accessGround freezing 



M1: Excavation complete

Schedule – steel vs concrete

M3 - Total duration: 350 days

C1: Ground freezing M3 - Total duration: 360 days

M2: Enclose buildingM1: Excavation complete

10 days

A   SE   MEP  CM

C2: Early lab accessGround freezing 



Schedule – highlights
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Schedule – highlights

Site dewatering & waterproofing

Work sequence of exterior and 
interior constructioninterior construction

Site dewatering & waterproofing

Work sequence of exterior and 
interior constructioninterior construction

A   SE   MEP  CM



TVD – budget & target

Budget: $ 10,500,000

Expected inflation: 2% (Slovenia)

Expected investment return: 1.44% (US Treasury Notes)

Actual budget in 2019: $ 10,209,274

City cost index: 0.75 (Ljubljana)

Target for            : $ 8,500,000

Target for            : $ 10,000,000

Expected investment return: 1.44% (US Treasury Notes)
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TVD – SQ – concrete

�����
���
����
������
����������
��

ESTIMATED VALUE TARGET VALUE VALUE DELTA

TOTAL  $                8,445,000  $       10,000,000 ���������������������� !""#!$$$�

A Substructure  $                   759,000  $               800,000 ���������������������������#$!$$$�

B Shell  $                2,200,000  $            3,000,000 �������������������������%&&!$$$�

C Interiors  $                1,344,000  $            1,700,000 �������������������������'""!$$$�

D Services  $                2,653,000  $            2,800,000 ������������������������� #(!$$$�

�����
���
����
������
����������
��

D Services  $                2,653,000  $            2,800,000 ������������������������� #(!$$$�

E Equipment and Furnishing  $                   500,000  $               500,000 ����������������������������������������

F Specialty Construction  $                   400,000  $               400,000 ����������������������������������������

G Building Sitework  $                   387,000  $               600,000 �������������������������) )!$$$�

H General Conditions  $                   200,000  $               200,000 ����������������������������������������

VALUE DELTA

���������������������� !""#!$$$�

���������������������������#$!$$$�

�������������������������%&&!$$$�

�������������������������'""!$$$�

������������������������� #(!$$$�
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TVD - summary

�����
���
����
������
������*+�,
���+�
DD-Steel

TARGET VALUE �������������������-!"$$!$$$�

ESTIMATE VALUE �������������������(!#&%!$$$�

TOTAL DELTA �������������������)!$$'!$$$�

  A Substructure �����������������������.%&!$$$/  A Substructure �����������������������.%&!$$$/

  B Shell ������������������� !$'(!$$$�

  C Interiors �����������������������#&(!$$$�

  D Services �����������������������)-"!$$$�

  E Equipment and Furnishing ��������������������������������������

  F Specialty Construction ��������������������������������������

  G Building Sitework �����������������������)((!$$$�

Missing items:
– Buckling restrained brace (SQ alternatives)
– HVAC systems and solar panels

  G Building Sitework �����������������������)((!$$$�

  H General Conditions ��������������������������������������

– HVAC systems and solar panels
– Shading system 

�����
���
����
������
������*+�,
���+�
DD-Concrete SQ-Steel SQ-Concrete

�������������������-!"$$!$$$� ��������������� $!$$$!$$$� ��������������� $!$$$!$$$�

�������������������(!('$!$$$� �����������������-!("' !$$$� �����������������-!##(!$$$�

������������������� !-%$!$$$� ����������������� !'#%!$$$� ����������������� !""#!$$$�

�����������������������.%&!$$$/�����������������������#$!$$$������������������������#$!$$$������������������������.%&!$$$/�����������������������#$!$$$������������������������#$!$$$�

�����������������������&$'!$$$� ���������������������"&-!$$$� ���������������������%&&!$$$�

�����������������������#&(!$$$� ���������������������'""!$$$� ���������������������'""!$$$�
�����������������������)-"!$$$� ��������������������� #(!$$$� ��������������������� #(!$$$�

�������������������������������������� ������������������������������������ ������������������������������������
�������������������������������������� ������������������������������������ ������������������������������������

�����������������������)((!$$$� ���������������������)$"!$$$� ���������������������) )!$$$�

brace (SQ alternatives)

�����������������������)((!$$$� ���������������������)$"!$$$� ���������������������) )!$$$�

�������������������������������������� ������������������������������������ ������������������������������������
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Decision Matrix -Winner

Category

• Connectivity
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• Challenge Integration

• Cost

• Aesthetic Value

• Structural Design
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• Constructability

• Adaptability

• Sustainibility

• Health• Health

3,5

1,5

2,0

2,5

3,0
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0,0

0,5

1,0

1,5

Steel DD Concrete Steel SQ Concrete 
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Steel DD Concrete 
DD

Steel SQ Concrete 
SQ

TEAM OWNERS



Team Process

Idea sharing

Short VotesShort Votes

Speak outside the box

Status updatesStatus updates

Weekly meetings
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Team Process

Resources

Discover

Basic communication

Lessons
learned

Focus more on 
improvements

Focus more on 

Advanced 

Resources from mentors

Discover our personal character

communication skills

Focus more on integration than working separatelyFocus more on integration than working separately

Advanced communication skills (interdisciplinary)
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Thank You


