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• Last year’s presentation focused on the three 
main challenges associated with the seismic 
design of nonstructural building components: 

1. Limited information on performance. 

2. Challenges for seismic analysis procedures. 

3. Impediments to incorporating nonstructural 
seismic design into practice. 

• This year’s presentation focuses on 
contributing to solving Challenge No. 3 using 
Building Information Modeling (BIM). 

– Case study for automatic seismic design of 
pressurized fire sprinkler piping systems. 

Most challenging issue 
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Importance of Considering Nonstructural 
Components in Seismic Design 

 • Nonstructural Components represent the major 
portion of the total investment in typical buildings. 

 

Fig 1. Investments in building construction (Miranda 2003) 
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Importance of Considering Nonstructural 
Components in Seismic Design 

 • Nonstructural damage can limit severely the functionality of 
critical facilities, such as hospitals. 

Emergency Room of Veteran Administration Hospital following the 1994 Northridge Earthquake in California 
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Importance of Considering Nonstructural 
Components in Seismic Design 

 • Failure of Nonstructural Components can become a safety 
hazard or can hamper the safe movement of occupants 
evacuating or of rescuers entering buildings. 

 

People being lowered through the windows in the  17-storey Forsyth Barr 

building due to failure of the stairs in the February 2011 earthquake
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Performance of Nonstructural Components 
in Recent Earthquakes 

  – 2010 Maule, Chile Earthquake 

• Impact of Nonstructural damage on airports 
– US$40 million for repairs of Nonstructural damage at SCL. 

– US$10 million loss to Lan Airlines. 

– Two thirds of the Chilean air traffic interrupted for several days. 
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Impediments to Incorporating 
Nonstructural Design into Practice 

• The problem 

– Close collaboration between architects and structural 
engineers understood to be highly desirable and has 
become practice within Europe and North America. 

– Inefficient for design and installation of nonstructural 
components.  

– Often lack of design integration of structural 
engineering and engineering of nonstructural 
components. 
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Impediments to Incorporating 
Nonstructural Design into Practice 

• Reasons for lack of integration between 
Structural and Nonstructural Engineering 
– Traditional roles cloud responsibility 

• Five major stakeholders typically involved in traditional 
building design process:  

– Architect;  

– Structural engineer;  

– Electrical engineer;  

– Mechanical engineer;  

– Specialty consultants and subcontractors often designing and 
supplying nonstructural components. 
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Source: FEMA 454 
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Impediments to Incorporating 
Nonstructural Design into Practice 

• Reasons for lack of integration between 
Structural and Nonstructural Engineering 
– Architects are rarely engineers! 

– Sometimes structural engineer designated responsible 
for seismic design of nonstructural components 

– Rarely structural engineers experienced in specifying 
appropriate seismic design and installation of plumbing, 
heating, venting, electrical, and other nonstructural specialties. 

– Structural engineers do not want to work on nonstructural 
design problems. 

– Exception for hospital retrofit program (SB-1953) in California. 

– Mandatory nonstructural coordinator. 
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Possible solution: Design Build Contracting 
— the Master Builder Concept 

• Single source has absolute accountability for both 
design and construction. 

• Owner contracts with a single firm to design and 
build the facility. 

• Contrary to modern construction management 
practices but substitutive tools are available: 
– Concurrent Engineering. 

– Lean Construction. 

– Building Information Modeling (BIM). 

 

Focus of this 

year’s 

presentation 
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What is BIM? 
• “…digital representation 

of a built entity that 
allows physical and 
functional information 
to be shared amongst 
multiple parties in a 
manner that supports 
decision making 
throughout the life of a 
facility…” - Associated General 

Contractors of America (2005) 

Owners 

Architects Engineers 

Contractors 
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What is BIM Used for? 
• During design and construction: 

• Enhance preplanning, early collaboration, and 
consistency of design. 

• Prevention of geometrical conflicts (clash 
detection).  

• Minimize change orders. 
• Improve quantity surveying, process 

visualisation and scheduling and cost 
estimation. 

• During facility management: 
• Improve locations, details, and maintenance 

schedules of equipment. 
• Guide renovations and retrofitting. 
• Monitor and control a range of building 

performance parameters using sensing 
technology. 

• Emergency management and risk scenario 
planning. 

• Potential use for seismic design: 
• Monitoring and control of emergency 

shutdown. 
• Virtual post-earthquake inspection. 
• Master building repository for exchange of 

information between compatible automatic 
seismic design and  assessment tools. 
 

 

Integrated seismic assessment and design 
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BIM for Integrated Seismic  
Assessment and Design 

BIM 

Architectural  

Assessment/Design  

Tools 

Structural Assessment/Design Tools 

Building Utility  

Assessment/Design  

Tools 
Direction of Loading

Building Contents 

Assessment/Design Tools 
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CASE STUDY: 

Use of BIM for the Automatic Seismic Design of fire 
suppression sprinkler piping system. 

BIM  

Tool for 
automatic 

seismic design 
of sprikler 

piping system 
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A simple tool for the automatic seismic design of 
sprinkler piping system using information available in 
BIM models has been developed. 
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Flowchart of the procedure: 

BIM Model 

Import of 
Unbraced Sprinkler 

Piping Layout 

Automatic Seismic 
Design of Sprinkler 

Piping System 

Export of Seismically 
Braced Sprinkler 

Piping Layout 

Tekla 
BIMsight 

CAD 
Application 

SAPIS - BIM  

CAD 
Application 
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Plan View 

Illustration Example: 

- Six-storey steel hospital building (Ip = 1.5). 

- Soil Type B in California, USA. 

- Short period 2% in 50 years mapped spectral acceleration 
SS = 1.5g. 

In elevation View 
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Illustrative Example: 
- Sprinkler piping systems designed for gravity dead loads only. 
- Main line is made of 3-1/2 in. (90 mm) schedule 10 black iron 

threaded pipes (Rp = 4.5). 
- Branch lines are made of 1-1/4 in (32 mm) schedule 10 black 

iron threaded pipes (Rp = 4.5). 
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1. Development of the BIM Model: 

Tekla 
BIMsight 
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2. Import of Unbraced Piping Layout from BIM model: 

CAD 
Application 

The layout of the unbraced sprinkler piping layout at a given floor is exported from 

the BIM model into the CAD application. 

Tekla 
BIMsight 
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3. Automatic Seismic design of Sprinkler Piping System: 

SAPIS - BIM  

SAPIS – BIM tool developed as an Excel Worksheet 
with MS Visual Basic object-oriented applications. 

CAD 
Application 

A txt file with the coordinates of the unbraced sprinkler piping 
layout is automatically created in the CAD application and 
exported into SAPIS - BIM 
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The procedure has been developed according to the 
seismic provisions of the:  

NFPA13 Standard for the Installation of Sprinkler Systems 

3. Automatic Seismic Design of Sprinkler Piping System: 
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3. Automatic Seismic Design of Sprinkler Piping System: 

• Design by Rule Prescriptions 
• Prescriptive rules controlling the spacing between various 

types of supports to assure that the seismic stress and 
deformations in the piping and supports remain within 
permitted limits. 

• Used by SAPIS-BIM to determine the layout of pipes, and 
sway braces.  

• Design by Analysis Prescriptions 
– Forces induced from seismic load (i.e. ASCE 7-10) and 

other applicable loads (e.g. gravity) are combined 
together to determine the design forces on the sway 
braces.  

– Fpa = 0.7 CpWp with three approaches to compute Cp : 
– Approach 1: According to ASCE 7-10 formula. 
– Approach 2: Simplified approach based on SS values only. 
– Approach 3: Simplified approach with Cp = 0.5 for cases when SS 

is not available. 

– Design forces are compared to the allowable resistance of 
the sway braces. 

– Used by SAPIS-BIM to determine the size of the sway 
braces. 
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Flowchart of the procedure: SAPIS – BIM Ver. 1.0 

1. Import unbraced sprinkler piping layout 

2. Define and classify pipes according to their typology 

3. Apply prescriptive rules of NFPA 13 and define zones of influence for sway braces  

4. Apply seismic analysis procedure of NFPA13 to automatically size bracing members 

5. Export seismically braced sprinkler piping layout 

3. Automatic Seismic Design of Sprinkler Piping System: 
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1. Import unbraced sprinkler piping layout 

 

3. Automatic Seismic Design of Sprinkler Piping System: 
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2. Define and classify pipes according to their typology 

3. Automatic Seismic Design of Sprinkler Piping System: 
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3. Apply prescriptive rules of NFPA 13 

Once the minimum number of braces and their locations are defined, the area of influence 
are evaluated. 

3. Automatic Seismic Design of Sprinkler Piping System: 

Example for transverse 
sway braces of the main 
line in the X-direction 
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4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)  

The three methodologies available in NFPA13 in order to evaluate the seismic force have 
been implemented in the procedure  

3. Automatic Seismic Design of Sprinkler Piping System: 
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4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)  

Based on the values assumed by Ss, Cp is automatically evaluated. Based on the diameter of 
the pipes, the seismic mass can be computed. 

3. Automatic Seismic Design of Sprinkler Piping System: 
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4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)  

The vertical clearance of the piping system must be provided.  

3. Automatic Seismic Design of Sprinkler Piping System: 
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4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)  

The typology, the section and the installation angle of the braces must be selected; the 
maximum horizontal load capacity and the slenderness are automatically calculated and 
verified. 

3. Automatic Seismic Design of Sprinkler Piping System: 
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4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)  

The capacity to demand ratio is automatically calculated. If the capacity is not adequate, 
the typology of the braces can be modified. An optimization of the braces size can be also 
performed. 

3. Automatic Seismic Design of Sprinkler Piping System: 
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5. Export seismically braced sprinkler piping layout 

The coordinates of the sway braces locations along with a graphical output are provided.  

3. Automatic Seismic Design of Sprinkler Piping System: 
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5. Export seismically braced sprinkler piping layout 

3. Automatic Seismic Design of Sprinkler Piping System: 
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5. Export seismically braced sprinkler piping layout 

3. Automatic Seismic Design of Sprinkler Piping System: 
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4. Export of Seismically Braced Piping Layout: 

The coordinates of the braces are exported in CAD file of the piping layout. 

Braces  

&  

Splay Wires 

CAD 
Application 

SAPIS - BIM  
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5. Export of Seismically Braced Piping Layout in BIM Model: 

Tekla 
BIMsight 

CAD 
Application 
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5. Export of Seismically Braced Piping Layout in BIM Model: 

Tekla 
BIMsight 
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Conclusions 
• Simple Excel based tool (SAPIS – BIM) has been 

created for the automatic seismic design of 
sprinkler piping systems. 

• SAPIS – BIM imports coordinates of unbraced 
sprinkler piping systems from a BIM model 
through a CAD application. 

• SAPIS – BIM exports coordinates of seismically 
braced sprinkler piping system. 

• Similar BIM compatible tools could be created for 
the automatic seismic design of other typologies 
of nonstructural components to help lift some of 
the impediments to incorporating nonstructural 
seismic design into practice. 
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Thank you! 

 

 

http://www.paviariskcentre.org/
http://www.paviariskcentre.org/

