Fire Protection in
Non-Residential Buildings

Scott Lockyear, PE

BEFORE WE TALK
ABOUT FIRE
PROTECTION LETS
TALK ABOUT
BUILDING PROCESS
AND THE BIG PICTURE!

How does wood measure up?

—Smaller heights and areas for
wood often lead to:

*Sprinklers
*Protected Construction
«Additional Firewalls

. Building Process — Big Picture

. Develop understanding of the type of fire
rated assemblies and fire protection
needed for a given building.

3. Investigate the need for fire blocking and
draft stopping in wood frame
construction.

4. Develop understanding of how fire
protection can effect building size

i!:b: Learning Objectives
1
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,fb Cost Benefits? B How does awood measure up?

Size Length Price  Other % Increase — Lets assume that we have a fixed amount of money
2x4 10 $ 2.44|Spruce Pine-Fir - for a given project.

2x4 10 $ 2.77|Spruce Pine-Fir End Jointed 149 — Additional EFFECTIVE SAFETY FEATURES at a
3-5/8" 10 $ 3.50|20ga Non-Structural Drywall 439 lower overall price point_

3-5/8" |10 $ 8.00|18ga Structural 2289

2x6#2 |20 $ 9.20|Spruce Pine-Fir

3-5/8" |20 $ 16.00|18ga Structural 749

2x6#2 |32 $ 18.98|Spruce Pine-Fir End Jointed

WHAT ABOUT INSTALLED COSTS?
Data obtained 8/14/09

a So what do we need to know about wood?

= Basic Principles of Fire Protection
« When are exterior fire rated walls needed?
* When are interior rated assemblies required?
* Resources for rated floor and wall assemblies.
« Draft Stopping
* Fire Blocking

— How does fire protection effect building size
* Open Frontage
* Sprinklers
* Unlimited Building Size
+ Design Example
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,j‘a" Basic Principles Exterior Rated Walls .,"a" Basic Principles Exterior Rated Walls

— Basic assumption is that fires begin at the interior and rated — When proximity to other buildings decreases fire protection
wall assemblies are not required for the exterior is needed on the building exterior

Lot Line
Fire
Protection on < <30 —> )

Interior Inside of Interior
Building X
Exterior

Exterior

Fire Protection on
Exterior When < 30’



Asymmetric Exterior Walls

— 721.6.2.3 For an exterior wall with > 5 feet of horizontal
separation, the wall is assigned a rating dependent on the
interior membrane. The membrane on the outside of the
nonfire-exposed side of exterior walls having more than 5’ of
horizontal separation may consist of sheathing, sheathing
paper, and siding as described in Table 721.6.2(3).

Interior

Exterior

Basic Principles Interior Rated Walls

— Walls and floor systems need to have resistance to fires that
occur inside a structure. Level of protection is based on

multiple factors.

Fire
Protection on
Inside of

Building

i 7

Exterior

Protected vs. Unprotected

Exterior Rated Assemblies

— Table 602 establishes requirements

— For structures separated by 10°-30’ they are typically 0 or 1

hour rated
TABLE 602

FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED ON FIRE SEPARATION DISTANCEa, e
FIRE SEPARATI{  TYPE OF | OCCUPANCY GRJU@RCUPANCY GROJ/OCCUPANCY GROUPY
DISTANCE = X (f§ CONSTRUCTI] H 1M, 81 EF21LRS2U
[X<5 Al 3 2 1
5<X<10 A 3 2 1
Others 2 1 1
10<X<30 1A, 1B 2 1 i
( I8, VB 1 0 0
Others 1 1 1
X>30 Al 0 0 0

For SI: 1 foot = 304.8 mm.

a. Load-bearing exterior walls shall also comply with the fire-resistance rating requirements of Table 601,
b. For special requirements for Group U occupancies see Section 406.1.
c. See Section 705.1.1 for party walls.

d. Open parking garages complying with Section 406 shall not be required to have a fire-resistance rating.
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wallis located.

Key Considerations

— To determine the amount of fire resistance needed
we must consider:

* Protected or Unprotected Structural Members
— Are structural members potentially exposed to flames.
* Building Type I-V
— Are the structural members considered Non-Combustible or
Combustible

» Amount of Protection Already Provided
— Unrated gypsum walls and floors
— One hour wall and floor assemblies

Building Types

* The 2006 IBC has catego
A and B or Protected and
Unprotected, respectively.

* What makes wood
protected or Type A?

« Fire rated gypsum sheathing »
on walls and floor/ceilings

» Unprotected buildings, type s«
B, would be exposed
members that do not fall
under Type IV Heavy
Timber Construction.

The 2006 IBC allows for five types of
construction.

» Types | and Il are generally non-combustible
materials such as concrete.

» Types llI-V are generally combustible such as
wood.

» Generally the less combustible the larger square
footage and number of stories allowed.



Rated Interior Assemblies Rated Interior Assemblies

— Given a building type we can determine the level of — Except in Group F-1, H, M and S-1 occupancies

prmeiﬂe?éls?rii?ﬁﬁr\;e RE( UI;?;LEE\I?[?FOR BUILDING ELEMENTS (h — Fire protection of structural members shall not be
- N e QU RENEN S FOR BULDIG EEVES (o) required, where every part of the roof construction is
BULDING ELEMENT| A | B | A [ B | A [ B | HT | A | B 20 feet or more above any floor immediately below.
Bearing walls
Exteriof 3 2 1 0 2 2 2 1 0
Interior so [ 26| 1| o | 1| o wmr 1D o
[Nonbearing walls and
partitions Exterior See Table 602
See
Nonbearing walls and Section
partitions Interiof 0 0 0 0 0 0 | 60246| 0 0
Floor construction
Including supporting beamy 2 2 1 0 1 0 HT 1 0
[RGoF construction
Including supporting beam{ 1 /2| 1%¢ | 19| 0%¢ | 19| ¢®¢ HT ] o

Type | and Il construction g%l Rated Interior Assemblies — Type il

* So where can the FRT

wood go? — For type Ill construction TYPE
+ Non-bearing exterior walls exterior walls are assumed BUILDING ELEMENT| A | B
where no fire rating is req'd. to be non-combustible. Bearing walls
+ Non-bearing partitions where — Floors may be combustible Exteriof 2 2
the fire rating is 2 hours or i Interior 1 0
less. allowing the use of prod. NOnbearng Walls and
« In some cases roof — FRT wood may be utilized  |partitions Exterior
construction including girders, in exterior walls required ]
trusses, framing, and decking. to have a fire rating of 2 Nonbearing Wa”si and
. partitions Interiol 0 0
. Hea\_/y Timber roof ) hours or less. Floor construction
framing may be utilized — Roof may be Type IV or Including supporting beams 1| 0
i i fire rated construction Roof consfruction
for rating requirements when required Including supporting beamy 1°¢ | 0
one hour or less in Type ’
Il'and Type IB

— In a variety of ways the building code does recognize the
ability for Heavy Timber to resist fires through charring.

* So where can wood go?
« Almost anywhere!.
» Exterior Walls need to
be non-combustible or
FRT Wood




Type IV - Rated Interior Assemblies
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Typical Rated Assemblies

* Where rated assemblies are required the
IBC allows various methods for approval.

» Tested assemblies — tested in accordance with
ASTM E119

* IBC Deemed to comply tables

* Calculated Fire Resistance (Component Additive
Methodologies)

— 30’ x 80" Gas Canopy

« All structural elements
can be combustible

. TYPEV

construction. BUILDING ELEMENT| A° B
Bearing walls
Exteriof 1 0
Interior 1 0
Nonbearing walls and
partitions Exterior
Nonbearing walls and
partitions Interiof 0 0
Floor construction
Including supporting beamg 1 0
Roof construction
Including supporting beamg 1 0

P Tested Assemblies — DCA3

*« DCA3
* WWW.awc.org
* W305
* www.apawood.org

FIRE-MATED SYsTEMS



http://www.awc.org/
http://www.apawood.org/

Typical Floor Assembly Attributes

*1 hr. load bearing exterior wall assembly

Typical Floor Assembly Attributes

- For plated floor trusses Wood Truss Council has
details available.

« www.sbcindustry.com

W . w17 oty
Futteg e D ox @1
R e 1§ o GA-FC3813

1 fyer ST pupravtery Tgse X gmemen | OA-FCS518
~— Tty we W

B o 1T death

Floor or Moot : B

Jd S B BN | g chared M ot o

i mard charmel 16 22 &ﬁ
1 bapr L Type © gupteny
Lty ran ZV0T

A IBC tabulated assemblies

Example: To achieve a
hour rating from the
bottom side.

—I-Joists at 24”0.c.

— Two layers 1/2” Gypsum
Wallboard,

—1-1/4” Type S screws
at12” o.c,,

— See WIJ-1.6 for complete information.

iJ" R IBC tabulated assemblies

b

» IBC has multiple assemblies that are included
directly in the code.

» This includes wall, floor, and roof assemblies

 Detailed descriptions are available in Tables
720.1(1), 720.1(2), and 720.1(3)

B Component Additive Method

* Example: 2x4 Interior one hour wall with 5/8”
Type X Gypsum.

MINIMUM FINISHED THICKNE
FACE-TO-FABches)
T 3

ITEM
MATERIAL | NUMBER CONSTRUCTION hour | hour | hour | hour

14.Wood 2" x 4" wood studs 24" on center with 5/8]

& G dzR & T Al Type X gypsum wallboarde applied vertic:

partition with or horizontally nailed with 6d coolern or "
14-1.3 i " o 4304

gypsum wallboardn nails at 7" on center with end

wallboard eachy ljoints on nailing members. Stagger joints

side each side.

 IBC 703.3 allows engineering analysis
based on a comparison of building element
designs having fire-resistance ratings as
determined by the test procedures set forth
in ASTM E 119.



"Eha Component Additive Method
* Included in Chapter 7 of IBC
* Also in DCA 4 available at www.awc.org.

* Example:

« %" Gypsum will
provide 15 minutes
of resistance.

A

/ ':b. Sample 1 Component Additive Analysis
» Assume a 1 hour rated wall is required.
* A 2x4 stud wall has 20 minutes of resistance

*5/ 80 Type X has a capacit

* Note: Fire is assumed
to be from one side of

the wall. i [: E

2" X 4" Waood Stud

TS0 Type X Gypsum Board

2" X 4" Wood Stud
SM * Type X Gypsum Board

Total

"Eba Fire Blocking

» Some areas that will be discussed include:
» Concealed wall spaces

* Stairs

» Connections between floors and walls.

* Double Stud Walls

7
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Wood Structural Members

In addition to sheathing structural members have
resistance to fire.

Time

Dancripton of Frames
(minutes)

Wood study, 16 inches on center X

Wood jomin, 10 inches on cemer LY

Wood roal and Boor truss assemblion
24 inches on center

’l'%a Fire Blocking — Where is it needed?

717.2 of the IBC requires that in combustible
construction, fireblocking shall be installed to cut
off concealed draft openings (both vertical and
horizontal) and shall form an effective barrier
between floors, between a top story and a roof or
attic space.

Fire blocking will slow the spread of not only
smoke but flames.

-
1

- Typical Fire Blocking

Nomi nal 20-1L@mbact gal wi
2 layers nominal 1 x lumber

23/ 320 Wood Structural \
Particleboard lapped at seams

i gypsum
Mineral Wool or Fiberglass Insulation
Other (some engineered rim boards)




A Fire Blocking — Concealed wall spaces

g

* Fireblocking shall be provided in concealed
spaces of stud walls and partitions, including
furred spaces, and parallel rows of studs or
staggered studs, as follows:

* Vertically at the ceiling and floor levels.
* Horizontally at intervals not exceeding 10 feet

act as fireblock at
floor/ceiling interface
and provi
break.

T nE Tos

Tl ot
TreRieet hetaven
wat anat ttaer

Vertically at the ceiling and floor levels

FIRE BLOCKING AT
FLOOR/CEILING
SPACES

Rated Floor
Ceiling

FIRE BLOCKING
AT VERTICAL
SPACES

Rated Wall

Fire Blocking — Concealed Spaces

* For balloon framed
walls vertical fire :
blocking is required 1) Kol kil biton
in addition to ; o -tora iy
horizontal fire
blocking to resist 0 s o
fire intrusion into { LT "
the floor or wall ’ '
cavity

fewliocs Batween
= 200 toars

d Concealed wall spaces

i
o
At dropped g
ceilings fire
blocking required i
horizontally
between studs L TG




Concealed wall spaces

1. Rated Wall
2.Wood Member

* Where _ 3. Fire Stop Material
penetrations 4.Fire Stop Material
occur a fire stop b

is required;
* Plumbing,
electrical, HVAC s

.

Fire Blocking - Stairs

* Fire blocking is
required at top and
bottom of stairs.

* Fire stop provided
at masonry
fireplace projecting
through floor.

w Draft Stopping — Where is it needed?

| | | | * In combustible construction, draftstopping shall be
installed to subdivide floor/ceiling assemblies in the

* Why do a double stud wall? locations prescribed in Sections 717.3.2 through
- Sound 717.3.3.
* Plumbing at bathroom wall FIRE BLOCK « Draftstopping is intended to restrict the flow of air.
» Other Considerations . .
« Fire block required
+ Fire block / WSP causes flanking Draftstopping is not required when an NFPA 13 sprinkler
transmission _ system is installed;
. Wood Structura] Pgnel provides or when an NFPA 13R system is installed in building and
diaphragm continuity concealed spaces.

I ) I )



P Draft Stopping — What can be used?

» 717.3.1 Draftstopping materials shall not be less
than;
¢ 0.5-inch (12.7 mm) gypsum board,
* 0.375-inch (9.5 mm) wood structural panel,
* 0.375-inch (9.5 mm) particleboard,
* 1-inch (25-mm) nominal lumber,

« cement fiberboard, batts or blankets of mineral wool or
glass fiber, or other approved materials adequately
supported.
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* While the code does not explicitly require fire
walls in some cases it may be utilized to expand
the allowed size of a building.
 Section 705.3 requires that fire walls shall be of
any approved noncombustible materials.
» Exception: Buildings of Type V
construction.
* Common example
is in multi-family

Draft Stopping — 1000sf limit

. Draftstopping shall be installed so that horizontal
floor areas do not exceed 1,000 square feet.

Draft Stopping — Roof Framing

* Draftstopping in attics shall limit concealed
spaces to 3,000sf or less.
* In groups R-1 and R-2 tenant and sleeping area
separations are typically required.

DRAFT STOP

» Depending on the Group type the rating for fire
walls shall be impacted.

 In many cases 2 hour walls are acceptable for
Type V construction with untreated wood.
TABLE 705.4
FIRE WALL FIRE-RESISTANCE RATING¢
FIRE-RESISTANCE RA

GROUP (hours)
A,B,E, H-4, 1, R1R2 [IE
F-1, H-3b, H-5, M, S-1 3
H-1, H-2 4

F-2,S-2,R-3, R-4 l 2
a. Walls shall be not less than 2-hour fire-resistance rated where
separatina buildinas of Tvpe Il or V construction.

e wsend meriey o1y
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B Fire Walls — Vertical Continuity

Exterior Wall — Interior Building
WSP Sheathing|

e e

2 Hour
Fire wall

Fire Retardant One hour fire

Treated rated wall

Plywood 4’ both sides

SN
}(_ 18 2 hour wall

penetrating
through exterior
wall.

Interior Building

Presentation Overview ~ How many stories can you build?

“~*= Basic Principles of Fire Protection

* When are exterior fire rated walls needed
* When are interior rated assemblies required?
» Resources for rated floor and wall assemblies.
« Draft Stopping
* Fire Blocking
« Fire Walls

— How does fire protection effect building size
* Open Frontage
« Sprinklers

— Recap

g Fire Provisions and Building Size ) Building Size

+ Building codes allow the size of a structure to

ne an office building is desired — Group B

increase based on its level of non combustibility TYPE OF CONSTRUCTION
and overall fire resistance TYPEI TYPEN TYPEN | TYPE! TYPEV.
A B A B A B HT A B
* Types | and Il are considered non-combustible HGT(S)
. ft ” f I B d b Id : GROUP HGT (feet) uL 160 65 55 65 55 65 50 40
Type | often allows for an unlimited building size s T s 4 51 2 s s )
* Type I, lll, IV and V will have varying degree of size B A uL | uL | 37.500] 23,000 28.500] 19.000| 36,000 | 18,000] 9.000
allowed based on: » For Type | 11 stories/UL sf is allowed.
* Protected vs. Unprotected * For Type Il 4 stories/23,000sf is allowed.

* Proximity to Other Buildings
 Use of Sprinklers

* For Type Il 4 stories/19,000sf is allowed.
» For Type IV 5 stories/36,000sf is allowed.
» For Type V 2 stories/9000sf is allowed.

11



A Building Size Example |

Frontage Increase

» For wood frame construction why choose type B
unprotected construction?

» Going to protected (A) construction load bearing
interior walls, floors and roofs would need to be one
hour rated in most cases for type V.

 Benefit of going to protected construction is an
increase in number of stories and square footage

TYPE OF CONSTRUCTION
TYPET TYPET TYPET [TYPEIY TYPEV
A B[ A B [ A B [ AT [ A [ B
AGT (S)
GROU| HGT (feet)) UL | 160| 65 | 55 | 65 | 55 | 65 | 50
S 0 A 7 5 7 5 3
B A UL | UL |37,500 23,000 28,500 19,00 36,000] 18,009 9,00

Frontage Increase

< =[F/PT 0.25]W/30
» F = Building perimeter that fronts on a public way or

open space having 20 feet open minimum width
(feet).

» P = Perimeter of entire building (feet).
* W = Width of public way or open space (feet) in
accordance with Section 506.2.1. 0

Automatic Sprinkler System Increase

The area limitation in Table 503 is
permitted to be increased by an
additional
« 200 percent (lg = 2) for buildings with
more than one story above grade plane
« 300 percent (I = 3) for buildings with no
more than one story above grade plane. g
« These increases are permitted in
addition to the height and story
increases in accordance with Section
504.2.
— Exceptions for Group H i High Hazard

“Allowable size of building may increase where
open frontage i_s provided.

Frontage Increase

<1, =[F/PT 0.25] W/30
*eFor a 10006 x

«F = 10006 + 6
P = 1006 + 1006 + 6006 + 6006
W = (3006*600+250*10006+3006*6

k= [ 2200.25 2372 B0& 0.40
o A, ={A H[A X ]+ [A x 1]} (Equation 5-1)
o 506.2.1 Width limits: Where the value of W varies along the perimeter of the

building, the calculation performed in accordance with Equation 5-2 shall be
based on the weighted average

?‘E Total Frontage & Sprinkler Increase
+ For a multi-story unprotected office building; type
I1IB construction:
 Tabulated area A, is 19,000sf
A ={A +[A X I]+[A x 1]} (Equation 5-1)
+ A, ={19,000 +[19,000 x 0.75] + [ 19,000 x 2] }
* A, = 71,250sf/story
* For type IlIA the same building would be:
+ A, ={28,500 +[28,500 x 0.75] + [28,500 x 2] }
* A, = 106,000sf/story

12
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Common Examples Building Height

““"How tall can a wood
framed structure be?

* For type IlIA Group B
the tabulated
maximum is 5
stories.

 For type VA the
tabulated maximum
is 3 stories.

» With sprinklers a 4
story wood framed
building is allowed.

Common Examples Building Height

 For a 5 story sprinklered building;
 Using type IlIA; B, F-2, H-3, I-1, M, R, S-2.
« Offices, Assisted Living, Mercantile, and Residential

—y

Buildings — Unlimited Size

. Type |, II, 1ll, and IV buildings of B, M, and S
Sprinklered may be one or two story.
* A-4 - Indoor sporting event arena i 1 story only
* B - Business
* M - Mercantile
» S - Storage

 For a 4 story sprinklered building;
* Using type IlIA; A, E, F-1, H-5, I-4.
» Examples include assembly areas, and schools.

General Electric Warehouse

13
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Building Example — Retail Center Retail Center

+ Design Considerations with Wood
» Heights and Areas
« Narrow Wall Sections
* Open Floor Plan
* Aesthetics
» Cost

Mercantile Building 1 BU|Id|ng - Example
» 38,240 sf
» Max Unit Size = 15,000sf — Flagship Store

[ LIS * Potential Options
'—1:'{’" B » Type VA w/Sprinklers — 46,000sf
:‘ﬁ"‘ ¢ « Type IIIA w/firewalls, or Type IV
A I - TYPE OF CONSTRUCTION
el TYPEI TYPE N TYPEN | TYPEN  TYPEV
s - A B A B A B HT A B
RERLY ) GROUP | HGT(S) | UL | 160 | 65 | 55 | 65 | 55 | 65 | 50 | 40

" s | 1| o4 4 4 4 4 3 1
- -
LN 'uum.n‘ A UL | UL |21,500] 12,500 18,500 12,500| 20,500 14,000| 9,000
-V a2 s u | 11| 3 2 3 2 3 2 1

A ut | ot | 15500 500 | 14.000] 9,500 | 15.000] 11.500] 6000

* 40’ Beam — glulam
Ll - — » Adding 1 column
» Shearwall Aspect . [54 8 would give 30’ span.
Ratio Max is 3-1/2:1 ey ———
! i

» Commercial Wood
» For a 20’-6” shearwall -4 ::El Joists Available for

it must be 5-10” L} > ) 3 47 span.

 Pre-fabricated panels U7

available -?f :
A
B




Buildings — Example

Cost Benefits?

* Wood aesthetics provide more pleasing

environment.
|

Buildings — Example

Size Length  Price Other % Increase
2x4 10' $ 2.44|Spruce Pine-Fir -
2x4 10 $ 2.77|Spruce Pine-Fir End Jointed 149
3-5/8" |10’ $ 3.50|20ga Non-Structural Drywall 43Y
3-5/8" |10’ $ 8.00|18ga Structural 2289
2x6#2 |20’ $ 9.20|Spruce Pine-Fir

3-5/8" |20 $ 16.00|18ga Structural 749
2x6#2 |32 $ 18.98|Spruce Pine-Fir End Jointed

WHAT ABOUT INSTALLED COSTS?
Data obtained 8/14/09

Presentation Recap

* Multi-Family

« Office/Corporate
* Mixed Use

» Recreation/Resort

* Wood Frame Can Be Utilized in Various Building
Types

Presentation Recap

— How does fire protection effect building size
« Open Frontage
— Allows for increases in square footage
« Sprinklers

— Allows for increases in # of stories, building height, and square
footage

« Unlimited Building Size

— Often by looking more deeply into code building sizes may
increase dramatically including being unlimited in size.

— Design Example

“Z Basic Principles of Fire Protection
* When are exterior fire rated walls needed
— Building proximity
« When are interior rated assemblies required?
— Dictated by IBC based on construction type.
« Fire Blocking
— Intended to slow passage of fire in combustible construction
« Draft Stopping
— Prevents flow of smoke and air
* Fire Walls
— Used to separate structures and occupancies.

Life Safety — It’s common sense, right?

Itis AGaingy, 1+
’ i

Fire C()(h_- 104
VI
]

a”y‘hm(l from

this pipe
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