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e 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. 4mmmm vost challenging issue
* 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.
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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.
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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.
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Performance of Nonstructural Components

in Recent Earthquakes

— 2010 Maule, Chile Earthquake
* Impact of Nonstructural damage on airports

— USS40 million for repairs of Nonstructural damage at SCL.
— USS$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

e 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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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. .
Focus of this

— Building Information Modeling (BIM). <4mmmm  year's

presentation



READEY G 1SS,
‘ @ ACADEMY October 27, 2016 Milan, Italy )

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 Owners
decision making
throughout the life of a

fGCi/ity...” - Associated General
Contractors of America (2005)

Contractors

Architects Engineers
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What is BII\/I?

‘...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

faci/ity..." - Associated General _ L T Engineers
Architects
Contractors of America (2005) '
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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.
e 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

Structural Assessment/Design Tools

Architectural Building Utility
Assessment/Design Assessment/Design
Tools Tools

= 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.
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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.

||ll| IUSS EUGEN' :-

Scuola Universitaria Superiore Pavia _ European Centre for Training and Research in Earthquake Engineering

SAPIS - BIM Beta Ver. 1.0

Seismic Analysis of Plping Systems for BIM Application

By: Daniele Perrone, PostDoc Researcher - IUSS Pavia
Andreé Filiatrault, Full Professor - State University of New York at Buttalo (UB), IUSS Pavia




SEISMIC - '[é ﬁ\ TUSS
| @ ACADEMY OCtOber 27’ 2016 Mllan’ Italy ' ScuolaUniversitariaSuperiorePavia‘

Flowchart of the procedure:
Tekla
BIM Model ] — [ BiMsight ]

e

Import of
Unbraced Sprinkler —

Piping Layout

J

Automatic Seismic
Design of Sprinkler — | SAPIS - BIM

Appllcatlon

Piping System

s

Export of Seismically }

Braced Sprinkler

Piping Layout Appllcatlon
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Illustration Example:

- Six-storey steel hospital building (I, = 1.5).
- Soil Type B in California, USA.
- Short period 2% in 50 years mapped spectral acceleration
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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 (R, = 4.5).

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

Branch line 32 mm - Schedule 10

S

Cross main line 89 mm -

Schedule 10 \

16.15m

10.90 m

2745m
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1. Development of the BIM Model:

Tekla
BIMsight

|
I --I-
A
| e -.-r.l-.
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2. Import of Unbraced Piping Layout from BIM model:

Tekla
BIMsight

|

|

CAD
Application

The layout of the unbraced sprinkler piping layout at a given floor is exported from
the BIM model into the CAD application.
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3. Automatic Seismic design of Sprinkler Piping System:

CAD
S i gt P EUGENIHE — Application
SAPIS - BIM Beta Ver. 1.0 J
Seismic Analysis of Plping Systems for BIM Application
TXT
By: Daniele Perrone, PostDoc Researcher - IUSS Pavia J
André Filiatrault, Full Professor - State University of New York at Buttalo (UB), IUSS Pavia
A txt file with the coordinates of the unbraced sprinkler piping SAPIS - BIM

layout is automatically created in the CAD application and
exported into SAPIS - BIM

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

| Microsoft” _ Q
. VisualBasic’ "

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

The procedure has been developed according to the
seismic provisions of the:

NFPA13 Standard for the Installation of Sprinkler Systems

NFPA

13

Standard for the
Installation of

Sprinkler Systems
2016

HANGING, BRACING, AND RESTRAINT OF SYSTEM PIPING 13-103

8.18 Electrical Bonding and Grounding.

8.18.1 In no caseshall sprinklersystem piping be used forthe
grounding of clectrical systems,

8.18.2° The requirement of 8.18.1 shall not preclude the
bonding of the sprinkler system piping to the lighming pro-
tection grounding system as required by NFPA 780 in those
cases where lightning protection is provided for the structure.

Chapter 9 Hanging, Bracing, and Restraint of
System Piping

9.1.1° General.

9.1.1.1 Unless the requirements of 9.1.1.2 are met, types of
hangers shall be in accordance with the requirements of Sec-
tion 9.1,

9.1.1.2 Hangers certified by a registered professional engi-
neer o include all of the following shall be an acceptable al-
termative 1o the requirements of Section 9.1:

(1) Hangers shall be designed w0 suppont five times the
weight of the waterdilled pipe plus 250 1b (115 kg) at cach
point of piping support.

(2) These points of support shall be adequate 1o support the
system.

(3) The spacing between hangers shall not exceed the value
tven far the tre - wd in Tahle G 990 1/a)

e e indi

9.1.1.4 Where waterbased fire protection systems are re-
quired to be protecied against damage from carthquakes,
hangers shall also meet the requirements of 9.3.7.

9.1.1.5 Listing.

9.1.1.5.1 Unless permitted by 9.1.1.5.2 or 9.1.1.5.3, the com-
ponents of hanger assemblies that directly attach to the pipe
or to the building structure shall be listed.

9.1.1.5.2* Mild steel hanger rods and hangers formed from
mild steel rods shall be permitted 1o be not listed.

9.1.1.5.3° Fasteners as specified in 9.1.3, 9.1.4, and 9.1.5 shall
be permitted o be not listed.

9.1.1.54 Other fasteners shall be permitted as pan of a
hanger assembly that has been tested, listed, and installed in
accordance with the listing requirements.,

9.1.1.6 Component Material.

9.1.1.6.1 Unless permitted by 9.1.1.6.2 or 9.1.1.63, hangers
and their components shall be ferrous.

9.1.1.6.2 Nonferrous components that hawe been proven by
fire tests 0 be adequate for the hazard application, that are
listed for this purpose, and that are in compliance with the
other requirements of this section shall be acceptable.

9.1.1.6.3 Holes through solid structural members shall be
permitted Lo serve as hangers for the support of system piping,
provided such holes are permitted by applicable building
codes and the spacing and support provisions for hangers of
this standard are satisfied.
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3. Automatic Seismic Design of Sprinkler Piping System:

e 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.

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

e Design by Analysis Prescriptions

— Forces induced from seismic load (i.e. ASCE 7-10) and NFPA
other applicable loads (e.g. gravity) are combined
together to determine the design forces on the sway
braces.
— F,,=0.7 C,W, with three approaches to compute C; : i
— Approach 1: According to ASCE 7-10 formula. Sprinkler Systems

— Approach 2: Simplified approach based on S values only. 2016
— Approach 3: Simplified approach with C, = 0.5 for cases when S
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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3. Automatic Seismic Design of Sprinkler Piping System:
Flowchart of the procedure: SAPIS — BIM Ver. 1.0

[ 1. Import unbraced sprinkler piping layout }

s

[ 2. Define and classify pipes according to their typology }

s

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

e

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

e

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

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

2. Define and classify pipes according to their typology

Elements

m X, X, Y, Y, A 7, Direction Typology Diameter P 1ping Layout

1 39333 42383 17426 17426 0 0 X Main 50 w05 O o)
2 36283 39333 17426 17426 0 0 X Main 90

3 33233 36283 17426 17426 0 0 X Mait 90

4 30183 33233 17426 17426 0 0 X Main 90 25000

5 27133 30183 17426 17426 0 0 X Main 90

6 42383 42383 17426 9371 0 0 Y Branch 12 o000

7 39333 39333 17426 9371 0 0 Y Branch 2

8 36283 36283 17426 9371 0 0 Y Branch 32 #8888

9 33233 33233 17426 9371 0 0 Y Branch 32 00

10 30183 30183 17426 9371 0 0 Y Branch 32 o
11 27133 27133 17426 9371 0 0 Y Branch 12

12 42383 42383 17426 23481 0 0 Y Branch 2 1000.0

13 39333 39333 17426 25481 0 0 Y Branch 32

14 36283 36283 17426 25481 0 0 Y Branch 32

15 33233 33233 17426 2548.1 0 0 Y Branch 12 5000

16 | 24083 27133 | 17426 17426 | 0O 0 X [+]

17 21033 24083 17426 171426 0 0 X 00

18 17983 21033 17426 17426 0 0 X X 0.0 500.0 1000.0 1500.0 20000, 2500.0 3000.0 3500.0 4000.0 4500.0 )
19 14933 17983 17426 17426 0 0 X O O O
g{l} ;gi gi ;gi zi i;ﬁg ;;izi g g ; Select the Element on thre plot a:}ld assign to e:_ich element tt!e typology ("Main" for main line and
22 24083 24083 17426 2348.1 0 0 Y Branch" for branch line) and the diameter (mm)

23 21033 21033 17426 23481 0 0 Y

24 17983 17983  1742.6  2548.1 0 0 Y

25 14933 14933 17426 235481 0 0 Y

26 24083 24083 17426 9371 0 0 v Go to the next Step |:>

27 21033 21033 17426 9371 0 0 Y

28 17983 17983 17426  937.1 0 0 Y

29 14933 14933 17426 9371 0 0 Y

30 12623 12623 17426 6526 0 0 Y

3 14933 12623 17426 17426 0 0 X

Home | DWG_Input | Pipe_Element @
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3. Automatic Seismic Design of Sprinkler Piping System:

3. Apply prescriptive rules of NFPA 13

Evaluate area of Influence

Area of Influence in terms of Length of pipes (cm)

ZOIN.1 ZOIN.2 ZOIN.3

-1
<]
<

Example for transverse
sway braces of the main
line in the X-direction

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



SEISMIC - '[é 1USS
| @ ACADEMY OCtOber 27’ 2016 Mllan’ Italy ' ScuolaUniversitariaSupeﬁorePaviaI

3. Automatic Seismic Design of Sprinkler Piping System:

4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)

Evaluation Seismic Force

Select the Method to evaluate
Seismic Force

1 -
2
3

Parameters for ASCE-07

0.4a S
F o= pDS(mij e [ 25 |

4,5

1.5

h
p & h p Rp
l, Ip

z/h

0,38

|For =0.7F,,

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

been implemented in the procedure
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3. Automatic Seismic Design of Sprinkler Piping System:

4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)

Evaluation Weight for braces in X direction Calculate Cp 0,7 Braces Pipe Schedhle 40
’f Tvpe
Select Diameter of the Main Line 90 Hpipine 800 mm Diameter 25
Select Diameter of the Branch Line 32 7 45 °
Slenderness | 100
Evaluation Weight for braces in Y direction | Length | 113142 |
Calculate Max Horizontal 19.8
Select Diameter of the Main Line 30 Load Braces (kIN) 5
Select Diameter of the Branch Line 32 | ss | 1,5 |
Horizontal Seismic Demand on each brace oriented in the Y-direction and attached to the main line in the X-direction (kN)
ID Main Line Brace 1 Brace 2 Brace 3 Brace 4 Brace 5 Brace &6 Brace 7 Brace 8 Brace 9 Brace 10 | Brace 11
1-X 1,89 1,58 1,05
2-X
3-X
4-X
5-X
6-X
7-X
§-X
9-X
10-X
Horizontal Seismic Demand on each brace oriented in the X-direction and attached to the main line in the Y-direction (kN)
ID Main Line Brace 1 Brace 2 Brace 3 Brace 4 Brace 5 Brace 6 Brace 7 Brace 8 Brace 9 Brace 10 | Brace 11

1-Y 0,37 0,37

Based on the values assumed by S, C is automatically evaluated. Based on the diameter of
the pipes, the seismic mass can be computed.
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3. Automatic Seismic Design of Sprinkler Piping System:

4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)

Evaluation Weight for braces in X direction Calculate Cp 0.7 Braces .
Type Pipe Schedule 40
Select Diameter of the Main Line 90 Hpipine 800 mm Diameter 25
Select Diameter of the Branch Line 32 = <+ °
Slenderness | 100
Evaluation Weight for braces in Y direction | Length | 113142 |
Calculate Max Horizontal 19.8
Select Diameter of the Main Line 30 Load Braces (kIN) 5
Select Diameter of the Branch Line 32 | ss | 1,5 |

Horizontal Seismic Demand on each brace oriented in the Y-direction and attached to the main line in the X-direction (kN)
ID Main Line Brace 1 Brace 2 Brace 3 Brace 4 Brace 5 Brace & Brace 7 Brace 8 Brace 9 Brace 10 | Brace 11
1-X 1,89 1,58 1,05
2-X
3-X
4-X
5-X
6-X
7-X
§-X
9-X
10-X
Horizontal Seismic Demand on each brace oriented in the X-direction and attached to the main line in the Y-direction (kN)
ID Main Line Brace l Brace 2 Brace 3 Brace 4 Brace 5 Brace & Brace 7 Brace 8 Brace S Brace 10 | Brace 11
1-Y 0,37 0,37

The vertical clearance of the piping system must be provided.
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3. Automatic Seismic Design of Sprinkler Piping System:

4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)
Evaluation Weight for braces in X direction Calculate Cp E [ Braces Pipe Schedhle 40 J

Tvpe
Select Diameter of the Main Line S0 Herme 200 Diameter 25
Select Diameter of the Branch Line 32 g 45
‘ Slenderness | 100 ‘
Evaluation Weight for braces in Y direction | Length | 113142 |
{ M Hori 19.8 J

Select Diameter of the Main Line 30 Load Braces (kIN) .
Select Diameter of the Branch Line 32 | ss | 1,5 |

Horizontal Seismic Demand on each brace oriented in the Y-direction and attached to the main line in the X-direction (kN)
ID Main Line Brace 1 Brace 2 Brace 3 Brace 4 Brace 5 Brace & Brace 7 Brace 8 Brace 9 Brace 10 | Brace 11
1-X 1,89 1,58 1,05
2-X
3-X
4-X
5-X
6-X
7-X
§-X
9-X
10-X
Horizontal Seismic Demand on each brace oriented in the X-direction and attached to the main line in the Y-direction (kN)
ID Main Line Brace l Brace 2 Brace 3 Brace 4 Brace 5 Brace & Brace 7 Brace 8 Brace S Brace 10 | Brace 11
1-Y 0,37 0,37

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.
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3. Automatic Seismic Design of Sprinkler Piping System:

4. Apply seismic analysis procedure of NFPA13 (illustration for 2nd floor)

Verification of braces oriented in the Y-direction and attached to the main line in the X-direction (kN)
ID Main Line Brace 1 Brace2 | Brace3 | Braced4 | Brace5 | Brace6 | Brace7 | Brace8 | Brace9d Brace 10 Brace 11

1-X ok ok ok

2-X

3-X

4-X

5-X

6-X

7-X

8-X

9-X

10-X

Verification of braces oriented in the X-direction and attached to the main line in the Y-direction (kN)
ID Main Line Brace 1 Brace 2 Brace 3 Brace 4 Brace 5 Brace 6 Brace 7 Brace 8 Brace 9 Brace 10 Brace 11

1-Y ok ok

2-Y

3-Y

4-Y

5-Y

6-Y

7-Y

8-Y

9-Y

10-Y

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.
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3. Automatic Seismic Design of Sprinkler Piping System:

5. Export seismically braced sprinkler piping layout

1862,3
1862,3
4058,3
4058,3
2960,3
2960,3
1162,3
1362,3
1162,3
1362,3
41383
43383
3833,3
40333
3528,3
3728,3
32233
34233
2918,3
3118,3
2613,3
2813,3
41383
43383
3833,3
40333
3528,3

1642,6
1842,6
1642,6
1842,6
1642,6
1842,6

832,6

832,6
1562,6
1562,6
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
21454
21454
21454
21454
21454

Generate
Output File

3000
2500
2000
| | |
| —_— | — |
1500
1000
500
0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Details about the Bracing System
Typology Diameter
Lo Transverse Pipe Schedule 40 25
Main Line — P —
Londitudinal | Pipe Schedule 40 25
Branch Transverse Pipe Schedule 40 | No.12.44 1b (200kg)

The coordinates of the sway braces locations along with a graphical output are provided.
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3. Automatic Seismic Design of Sprinkler Piping System:

5. Export seismically braced sprinkler piping layout

3000
2500
2000
| | |
| N | I |
1500 -1
1000
500
0
200 1000 1500 2000 2500 3000 3300 4000 4300 3000
Details about the Bracing System
Typology Diameter
Main Li Transverse Pipe Schedule 40 25
ain Line
Londitudinal | Pipe Schedule 40 25
Branch Transverse Pipe Schedule 40 | No.12.44 1b (200kg)
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3. Automatic Seismic Design of Sprinkler Piping System:

5. Export seismically braced sprinkler piping layout

1862,3
1862,3
4058,3
4058,3
2960,3
2960,3
1162,3
1362,3
1162,3
1362,3
4138,3
4338,3
3833,3
4033,3
3528,3
3728,3
32233
34233
2918,3
3118,3
2613,3
2813,3
4138,3
4338,3
3833,3
4033,3
3528,3

1642,6
1842,6
1642,6
1842,6
1642,6
1842,6

832,6

832,6
1562,6
1562,6
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
1339,9
21454
21454
2145,4
2145,4
21454

Generate
Output File

3000

2500

2000

1500

1000

| Output - Blocco note

File Modifica Formato Visualizza ?

NN

Messaggio Macro Creafile

'0; Creato file Output.txt
__

X

hge2,3
4058, 3
4058, 3
2960,3
2960,3
1162,3
1362,3
1162,3
1362,3
4138,3
4338,3
3833, 3
4033,3
3528, 3
3728,3
3223,3
3423,3
2918,3
3118, 3
2613,3
2813,3
4138,3
4338,3
3833, 3
4033,3
3528, 3
3728,3
3223,3
3423,3
2918,3
3118, 3

1842,6
1642,6
1842,6
1642,6
1842,6
832,6

832,6

1562,6
1562,6
1339,9
1339,9
1339,9
1339,9
1339,9
1339,90
1339,0
1339,0
1339,0
1339,0
1339,9
1339,9
2145,4
2145,4
2145,4
2145,4
2145,4
2145,4
2145,4
2145,4
2145,4
2145,4
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4 Export of Seismically Braced Piping Layout:

[ SAPIS - BIM ]

CAD
Application

The coordinates of the braces are exported in CAD file of the piping layout.
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5. Export of Seismically Braced Piping Layout in BIM Model:
CAD
Application
) |
- - 0
l.,--'_-i--'i--ﬁlﬂll-

Il.l:l-:.ll-liil!!!. Telkla
T T (oo
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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 systemes.

* 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.

e 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!

SR

=7
What the client wanted. The architect’s
solution.

SN

The structural engineer’s The non-structural engineer’s
solution. Solution.


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

