Appeals | The City of Portland, Oregon Page 1 of 3
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Phone: 503-823-7300 Email: bds@portlandoregon.gov 1900 SW 4th Ave, Portland, OR 97201
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APPEAL SUMMARY

Status: Decision Rendered - Held over from ID 22072, item #1 (11/6/19) for additional information

Appeal ID: 22238 Project Address: 1120 SE Morrison St

Hearing Date: 12/18/19 Appellant Name: Patrick Turina

Case No.: B-008 Appellant Phone: 5038472185

Appeal Type: Building Plans Examiner/Inspector: Maureen McCafferty

Project Type: commercial Stories: 7 Occupancy: A-3, B, R-2, S-1, S-2 Construction
Type: I-A, llI-A

Building/Business Name: Modera Morrison Fire Sprinklers: Yes - Throughout

Appeal Involves: Erection of a new structure,other: LUR or Permit Application No.: 19-131007-EA

Additional information for appeal 22072, item 1

Plan Submitted Option: pdf [File 1] [File 2] [File 3] Proposed use: Multi-Family Residential and Retail
[File 4]

APPEAL INFORMATION SHEET

Appeal item 1

Code Section 2019 OSSC, 602.3 Type llI

Requires Type lll construction is that type of construction in which the exterior walls are of noncombustible
materials and the interior building elements are of any material permitted by this code. Fire-
retardant-treated wood framing and sheathing complying with Section 2303.2 shall be permitted

within exterior wall assemblies of a 2-hour rating or less.

Proposed Design The proposed design is a mixed-use building with 5 stories of Type IlI-A construction over 2 stories
of Type I-A construction. The Type IlI-A construction primarily houses R-2 occupancy apartment
units, with accessory S-1 and A-3 occupancies. Proposed exterior walls at the Type IlI-A
construction are to be framed with non-fire-retardant-treated (non-FRT) wood. While OSSC 602.3
limits wood framing at Type llI-A exterior walls to fire-retardant-treated (FRT) wood, the City of
Portland’s Code Guide OSSC/6/#4 (Type Ill Code Guide) allows non-FRT wood framing at Type
II-A exterior walls, provided the 17 conditions listed in the code guide are met.

Condition #4 listed in the Type Ill Code Guide requires sacrificial studs at the sides and top of all
openings in exterior walls for doors, windows, and wall-mounted HVAC units and louvers.
Condition #17 also references sacrificial studs, as it requires exterior wood framing be constructed
as specified in the details included in the guide. The proposed design omits sacrificial studs at

exterior wall openings.

Condition #11 listed in the Type Il Code Guide limits the distance from the top of the roof parapet
to the lowest required fire apparatus setup point to 75 feet. The parapet height of the proposed

design exceeds this limit at several locations along the perimeter of the building. Please see
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attached exhibits 1A and 1B for parapet heights. Please note that the proposed design will meet
all conditions listed within the “Alternate to Aerial Fire Apparatus Roads” section of “Portland Fire &

Rescue: Fire & Life Safety Requirements for Fire Department Access and Water Supplies.”

To offset these unmet Type Ill Code Guide conditions, the proposed design includes mineral wool
insulation friction fit between wood studs to fill the entire 6” nominal wall cavity in lieu of fiberglass
insulation. The mineral wool insulation contributes to an increased level of fire resistance of the

wood-framed exterior walls. Please see attached exhibit 1C for proposed wall assemblies.

Reason for alternative Regarding Code Guide condition #4, the proposed wall assemblies do not require sacrificial studs
to achieve a higher level of fire-resistance than required by code. A non-FRT wood framed
assembly using mineral wool insulation without sacrificial studs outperforms an FRT wood framed
assembly using fiberglass batt insulation and sacrificial studs. Please see attached white paper

analysis for more information.

Regarding condition #11, the site features an approximate 16-foot grade drop from the northeast
corner to the southwest corner. The parapet height at the high corner of the site is less than 75’-0”,
but it exceeds that limit elsewhere due to the substantial grade change. Even though the Type IlI
Code Guide condition #11 cannot be met, FRT wood framing is still to be avoided due to

environmental and structural reasons listed below.

The process of pressure-impregnating fire-retardant chemicals into wood to achieve FRT criteria
has a negative environmental impact. Additionally, there are concerns regarding the health impact
to the building occupants from long term exposure to the chemicals used in pressure
impregnation. Unlike the chemical FRT process, mineral wool is made from inorganic fiber that

does not have an adverse impact on the environment or occupant health.

The FRT process also reduces the structural strength of wood that must be accounted for in the
structural design. The presence of impregnated fire retardant degrades the typical wood strength
properties, often resulting in increased cracks and splits in the framing over time. This reduction in
strength and bearing capacity requires structural members to be oversized and requires an
increase in the overall amount of framing throughout the project.

The attached white paper analysis provides a fire analysis that supports the use of mineral wool
insulation in the wall cavity of untreated wood stud framing as an alternative to FRT wood stud
framing permitted by the OSSC section 602.3. The analysis compares FRT wood framed wall
assemblies with non-FRT wood framed wall assemblies. The analysis is based on published
temperature data from full scale testing of multiple configurations of fire rated stud walls. The
analysis concludes that untreated wood framed walls with ComfortBatt/Roxul mineral wool

insulation will outperform FRT wood framed walls without such insulation.

We believe the proposed exterior wood-framed walls provide higher fire-resistance ratings than
those outlined in the Type Il Code Guide, even as conditions #4 and #11 are not met. The
inclusion of mineral wool contributes to an increased overall building safety, and therefore we

kindly request that this appeal be granted.

Please see granted precedent appeal 18728.

APPEAL DECISION

Use of non-fire resistant treated wood in exterior walls of Type Illl construction with mineral wool
insulation: Granted as proposed.

The Administrative Appeal Board finds that the information submitted by the appellant demonstrates that the
approved modifications or alternate methods are consistent with the intent of the code; do not lessen health,

https://www.portlandoregon.gov/bds/appeals/index.cfm?action=entry&appeal 1d=22238 12/19/2019
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safety, accessibility, life, fire safety or structural requirements; and that special conditions unique to this project
make strict application of those code sections impractical.

Pursuant to City Code Chapter 24.10, you may appeal this decision to the Building Code Board of Appeal within
90 calendar days of the date this decision is published. For information on the appeals process, go to
www.portlandoregon.gov/bds/appealsinfo, call (503) 823-7300 or come in to the Development Services Center.

https://www.portlandoregon.gov/bds/appeals/index.cfm?action=entry&appeal 1d=22238 12/19/2019
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1. OVERVIEW

1.1 Project Overview

Modera Morrison is a new project to be constructed at 1120 SE Morrison Street in Portland, OR. It is under the
jurisdictional review of the City of Portland. This seven-story building that consists of five stories of Type IlIA
construction placed on top of two stories of Type IA construction. The building includes 247 residential units
with parking, retail, and resident amenities. It will be fully protected throughout by automatic sprinklers, fire and
smoke detection and a fire alarm system.

Type IlIA construction requires that exterior walls be of honcombustible construction or of Fire Retardant
Treated Wood (FRTW) construction. The project proposes to use wood without the Fire Retardant Treatment
(FRT). There are significant structural and environmental benefits for this approach.

1.2 Executive Summary

Fire-retardant treated (FRT) wood framing is permitted by code within exterior Type Ill wall assemblies with a
fire-resistance rating of a 2 hours or less. This is based on the improved fire performance of such wood
compared to regular wood of same species. FRT of wood delays ignition and resists “flame spread” once
ignited. The proposed design uses tightly packed rock wool insulation between non-treated wood framing
members in lieu of Fire Retardant Treated Wood (FRTW) to achieve equal or better fire performance.

Over the last three years Code Unlimited has analyzed this particular issue, namely the use of non-FRT wood
in place of FRTW on multiple projects. This has been driven by many stakeholders within the Pacific Northwest
region; local and state governments, universities and other research groups, manufacturers, real estate
developers, and design and construction industry professionals. This white paper is the most current
knowledge on this subject, based on rigorous analysis, review, and input, from senior fire protection engineers
and code experts within our company.

The white paper is structured to give the reader a detailed understanding of the code regulations that are
driving this requirement along with excerpts from the International Building Code (IBC) commentary to clarify
intent where necessary. We also provide other code citations where prescriptively the Oregon Structural
Specialty Code (OSSC) and the IBC permits the use of rock wool (aka mineral wool) as a means to delay
ignition or fire and flame migration. This is provided as documentation of established tradition. Many code
provisions have evolved initially out of traditional construction practices and then undergo rigorous analysis
and/or testing to substantiate its performance in those applications. This white paper follows that time tested
path by including a rigorous performance analysis based on currently available test data in support of non-FRT
wood in an exterior wall of a type IlIA construction building.

Our analysis found that the fire performance of a non-FRTW framed wall with rock wool insulation is equal or
superior to a FRTW framed wall. We also found support for the argument that this approach reduces the
potential for chemical exposure to the environment and to the occupants of these buildings compared to the
current practice of using FRTW.

www.codeul.com 3
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1.3 Applicable Codes and Standards

Applicable Code or Standard

2019 Oregon Structural Specialty Code (OSSC)

2009 ASTME-84 Test Methods for Surface Burning characteristics of Building Materials —
American Society for Testing and Materials

2007 ASTME E-119 standard Test Methods for Fire Tests of Building Construction and Materials —
American Society for Testing and Materials

1.4 Additional References
12003 Ignition Handbook: Principles and Applications to Fire Safety Engineering, Fire Investigation, Risk
Management and Forensic Science, Dr. Vytenis Babrauskas - Fire Science Publishers

22006 Performance of a Non-load Bearing Steel Stud Gypsum Board Wall Assembly: Experiments and
Modelling, Samuel Manzello, Richard Gann, Scott Kukuck, Kuldeep Prasad, and Walter Jones - Building
and Fire Research Laboratory (BFRL), National Institute of Standards and Technology (NIST), Weapons
and Materials Research Directorate, US Army Research Laboratory, APG.

82007 Analysis of Inter-laboratory Testing of Non-loadbearing Gypsum/Steel-Stud Wall Assemblies, William
Grosshandler, Samuel L. Manzello, Alexander Maranghides - Building and Fire Research Laboratory,
Tensei Mizukami - Center for Better Living

41977 Effect of fire-retardant treatments on performance properties of wood. In: Goldstein, 1.S., ed. Wood
technology: Chemical aspects. Proceedings, ACS symposium Series 43. Washington, DC: American
Chemical Society.

51992 Charring Rate of Wood for ASTM E119 Exposure, Fire Technology Volume 28, Number 1, Robert H.
White and Eric V. Nordheim

61977 National Board of Standards Technical Note 945: An Investigation of the Fire Environment in the ASTM
E 84 Tunnel Test

72007 Performance of a non-load-bearing steel stud gypsum board wall assembly: Experiments and
modelling”, Samuel L. Manzello, et al, Fire and Materials (Issue 31, pp 297-310) (this is an updated
version of reference #2 above)

82016 Calculating the Fire Resistance of Exposed Wood Members, Technical Report No 10, American Forest
& Paper Association, Inc, American Wood Council, 1111 19th St., NW, Suite 800, Washington, DC
20036

www.codeul.com 4
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92015 A Model for predicting heat transfer through insulated steel-stud wall assemblies exposed to fire, Sultan,
M. A.; Alfawakhiri, F.; Bénichou, N., Fire and Materials - 2001 International Conference, San Francisco,
January 22-24, 2001, pp. 495-506

102010 Wood Handbook, Wood as an Engineering Material, Chapter 17 Fire Safety, Robert H. White and Mark
A. Dietenberger, Forest Product Laboratory, United States Department of Agriculture Forest Service,
Madison Wisconsin

2. PROPOSED WALL ASSEMBLY

The proposed design is to provide a 2-hour exterior wall assembly that consists of untreated wood stud framing
with two layers of 5/8” thick type X gypsum board on the interior and one or two layers (depending on the fire
separation distance) of 5/8” type X gypsum sheathing on the exterior side of the wall. Rock wool insulation will
be friction fit between studs to fill the entire 6 inch nominal wall cavity. Details of the proposed wall sections are
in the attached Appendix A. The conclusions of this report are limited to the proposed exterior wall types
included in Appendix A of this white paper.

8705.5 of the 2019 OSSC states the exterior wall assembly is required to be rated for fire exposure from the
interior only if the fire separation distance (FSD) is greater than 10 feet, and is required to be rated from both
sides if the FSD is less than or equal to 10 feet from the property line. Per §705.5, the proposed assembly
includes one layer of 5/8” thick type X gypsum board on the exterior side where the FSD is greater than 10
feet, and two layers of 5/8” thick type X gypsum board on the exterior side where the FSD is less than or equal
to 10 feet from the property line.

3. ROCK WOOL USE PRESCRIPTIVELY PERMITTED IN CURRENT CODE

The 2019 OSSC section 602.3 for Type lll, exterior wall construction, permits the use of fire-retardant treated
wood (FRTW) in lieu of non-combustible materials.

Rock wool barriers have been allowed in the codes as a means to retard or prevent the ignition of wood in
concealed spaces, for some time now:

1. OSSC 803.15.1.1 allows untreated wood to be used for furred walls or ceilings where Non-Combustible
construction is required when the cavity is filled with rock wool insulation.

2. OSSC 718.2.1(7) allows rock wool batts to be used as fireblocking to cut off concealed draft openings.
3. OSSC 718.3.1 permits the use of rock wool batts as an approved draft stopping material.

4. ORSC 316.5.3 permits the use of 1.5 inch thick rock wool to satisfy the requirements for an ignition
barrier.

5. NFPA 13 section 8.15.1.2.17 allows untreated wood joist to be treated as FRT wood when the cavity is

filled with rock wool insulation.
www.codeul.com 5
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6. OSSC 722.6 contains procedures by which the fire resistance ratings of wood assemblies are
established by calculations.

IBC Section 722.6 Commentary states:

“Rock wool insulation provides additional protection to wood studs by shielding the studs from
exposure to the furnace, thus delaying the time of collapse.”

OSSC table 722.6.2(5) allows glass fiber, or rock wool, or cellulosic fill within stud cavity
prescriptively to increase the fire resistance of a wall assembly by 15 minutes.

7. IBC Section 602.2 Commentary:

“Fire Retardant-treated wood (FRTW), although combustible, is permitted in limited uses in
building of Type | and Type |l construction... it is not assumed to be fire-resistance rated, and generally
does not afford any higher fire-resistance rating than untreated wood material.”

4. PERFORMANCE BASED ANALYSIS AND VERIFICATION

The list of prescriptive provisions in section 3 establishes the code history use of mineral wool insulation to
improve the fire performance of wood wall and ceiling assemblies. These provisions are an outgrowth of
tradition and historical construction practice. The values assigned to these are generic values, based on
historical data. These are valuable in establishing precedence and intent of the code requirements. Our
analysis is based on the full scale test data documented in the research papers #2, #7, and #9 listed in section
1.4 in this white paper. The remaining references #1, #3, #4, #5, #6, #8, and #10, provide supporting evidence
for the methodology used in this analysis as well as some other key metrics used in the analysis. The full scale
testing was performed with 4 inch metal stud wall assemblies, while the wall assemblies analyzed in this white
paper are nominal 6 inch wood assemblies. Wood is a non-conductor of heat and superior performer to metal
within the context of this analysis. Our test data includes wall assemblies with both fiberglass and mineral wool
insulation within the stud cavity. Mineral wool outperforms fiber glass insulation at higher temperatures. In
these two cases as well as in all other cases, our analysis takes the conservative value when there are multiple
data points available.

Building structural component fire performance is predicated on the type of fire exposure. Most commonly fire
from combustible building contents or furnishings, expose the components such as walls of structural frame to
heat from the fire, causing loss of structural integrity of the wall and its eventual collapse. The point at which
the load-bearing components of a Type Il wall (in this case, the wall studs) are exposed to heat from the fire,
the building would have long since been evacuated and the space become untenable, as the temperature
required to breach the gypsum board membrane would be beyond survivability. In this case, the sole concern
is for the preservation of structural stability and protect firefighters and adjacent structures. The studs of the
walls provide the necessary structural, load bearing capability to support the exterior wall. Gypsum board or
other sheathing is solely relied on to provide resistance to the fire exposure in order to protect the load bearing
members, its contribution to the structural strength of the wall is negligible. The Commentaries to section 722.6
of the IBC state “It is assumed that once the structural members fail, the entire assembily fails.”

www.codeul.com 6
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OSSC section 602.3 defines Type Il construction as “that type of construction in which the exterior walls are of
noncombustible materials and the interior building elements are of any material permitted by this code. Fire-
retardant-treated wood framing complying with Section 2303.2 shall be permitted within exterior wall
assemblies of a 2-hour rating or less.”

Fire retardant treatment of wood does not prevent the wood from decomposing and charring under fire
exposure. The rate of fire penetration through treated wood approximates the rate through untreated wood.
Fire-retardant-treated wood used in walls can slightly improve fire endurance of these walls, but, most of this
improvement is associated with the reduction in surface flammability rather than any changes in charring rates

200
............. FRT
Untreated

150 -
&
E
=

=< 100 |
(14
o
= o

50

: L L L J
0 200 400 600 800

Time (s)

Figure 17-1. Heat release curves for untreated and
FRT plywood exposed to 50-kW/m? radiance.

Fig.1. E84 Test Comparison (Wood Handbook Chapter 17)

The surface layer of FRTW is a fire retardant treatment that slows ignition by interfering with heat transfer to
the material and chemically interferes with combustion. It does so by converting combustible gases and tars to
carbon char at temperatures below 550°F*1° and releases carbon dioxide and water vapor which dilute the
combustible gases. However, above temperatures of 550°F, outgassing and pyrolysis effects exceed the limits
whereby ignition is interfered and FRT heat release and burning rates compare to untreated wood of the same
variety. Charts of the ASTM E84 (Standard Test Method for Surface Burning Characteristics of Building
Materials) heat release rates (Fig. 1) show that, at about 420 seconds (7 minutes), the heat releases rate
(HRR) for FRTW and non-FRTW are virtually identical, indicating that, after the fire retardant treatment has
been exhausted, the non-FRT and FRT wood studs will perform similarly.

In a 2-hour fire rated wall, once the gypsum layers are compromised, the fire is free to attack the exposed
studs. However, charring and consumption of the studs begins before failure of the gypsum membrane, as
heat is conducted to the edge face of the studs and to the stud wall cavity by conduction through the gypsum
board. In the stud wall cavity, the temperatures are already well over the autoignition temperature of wood and
the point at which FRTW becomes ineffective (550°F) by the time the two gypsum board layers have been
compromised. Although the standard stud begins charring sooner than the FRTW stud, total time to fail for the

www.codeul.com
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standard stud assembly is much longer due to the insulative effects of the rock wool, slowing progressive char
over the longer dimension (side) faces of the stud by preventing heat transfer to the stud cavity.

Above 550°F, FRTW studs behave similar to a standard wood studs and charring continues until it fails in load.
Char rates for softwoods such as used in framing lumber are at an average rate of 1.5 in/hr 8. By calculating
the heated perimeter of the wood studs for an uninsulated, code-accepted FRTW stud and a rock-wool
insulated standard stud, and using the average char rate, a time to failure of the two studs can be determined.

The effective heated perimeter of a 2” x 6” nominal FRTW stud is 12.5 inches at the point of its ignition. The
effective heated perimeter of a rock wool insulated stud is only 1.5 inches at the same point, although the point
of ignition is approximately 7 minutes earlier due to the effects of FRT and the delay of ignition of the FRTW
stud. As the studs are consumed by charring, the 3-sided attack® on the FRTW stud results in much more
material loss due to charring and more rapid reduction in load-bearing capability. While there is some charring
of the sides of the standard stud, especially nearest the exposed edge, the insulative properties of the rock
wool significantly slow charring and loss of material.

OSSC Table 722.6.2(2) states that the time assigned for contribution of the wood frame to fire resistance is 20
minutes. Within that time, the fire is assumed to consume sufficient of the stud framing to compromise its
structural strength such that it fails under load. Thus it was assumed that, once the FRTW studs reach the
point where the fire retardant treatment no longer interferes with charring, the stud will have 20 minutes of
load-bearing capability before failure. This occurs with approximately 25% of the original stud cross-section
remaining after charring. A similar failure point was used for analysis.

OSSC Table 722.6.2(5) notes that “Additional Protection” can be provided to a wall for fire rating purposes by
the addition of rock wool insulation at a specified minimum density. The Commentaries for IBC section 722.6
note that “Rock wool insulation provides additional protection to wood studs by shielding the studs from
exposure to the furnace, thus delaying the time of collapse.” Rock wool does this by insulating the sides of the
studs from direct heat and flame exposure and by interfering with flame spread by conduction, radiation and
convection within the wall cavity. In this respect, the assembly is superior to FRTW with only fiberglass
insulation, in that its ability to interfere with ignition is not compromised by high exposure temperatures. Rock
wool has a melting point of 2150°F and can withstand a 4 hour test per ASTM E119 time-temperature curve,
where the fire temperature reaches a maximum temperature of 2000°F, well above the temperatures expected
in a flashover fire condition.

Unlike a simple, 2-hour rated FRTW stud wall, rock wool provides protection on the sides of the studs,
ensuring the main route of burn-through to be in the longest dimension of the lumber (See Fig 4-6). In FRTW,
fire attack, once the thermal membrane has been compromised, is on three sides of the stud and burn through
of the stud is much more rapid. Use of rock wool insulation is specified as it has greater refractory qualities,
higher installed density and remains in place long after fiberglass insulation has melted away.

Clearly, there is an advantage to the use of rock wool in the wall that an ordinary FRTW assembly does not
match.
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file://///SERVER1/CodeUL%20Data/Projects/Holst%20-%20R25/R25-002A.2%201400%20Multinomah%20White%20Paper/Documents/www.codeul.com

-I LI I LI I LI L) I LI I LI I LI I LI I LI I LI I LI I LI I LI I LI I LI I-
= b) Assembly No. 2 -
1000 i (b) y Average Values |
L eseset™ J
i ..'#'"N:L/J ¢  Furnace temp., measured
— 800 | "“,.,""' //’/ o BL/Cav. (exp.), measured
O L “,“ /// = BL/Cav. (unexp.), measured |
e L i . & Unexp. measured 4
o - Jf// / — - ULC furnace temp. .
= 600 - / éo ——- FL/Fire, predicted 7
© [ .[ / ,- :'"""""": N — — BL/Cav. (exp.), predicted |
8 B '/ / /'/ ] 1 Ooo / —-— BL/Cav. (unexp.), predicted ]
e 400 / /I DA | ° I —— Unexp., predicted —
) oy ° ]
— |/ ° e .
_//' : = | J
/ ’ ! | -
l.7’ /// : : T
Pl | |
e/ | -
Iﬁﬂﬁiﬁﬂﬂl 2 T T T TTET I -
11 L L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1
0 10 20 30 40 Af/50 60 70 80 90 100 110 120 130 14C
Time (min)
Legend

SL - Gypsum Board Single Layer BL - Gypsum Board Base Layer FL - Gypsum Board Face Layer
Std. - Stud Cav. - Cavity Exp. - Exposed Side Unexp. - Unexposed Side Fire - Directly exposed to furnace

Figure 2: Time vs temperature curve — Double Layer 5/8” Gypsum Board, Studs 16” O.C.°

Note: Line (open dots) for temperature at inner surface of base layer, exposed side. This is temperature of stud
cavity/edge of stud.

Derivation Calculation

Utilizing test data from reference document #9, (equation #10) and Fig. 2 above. The calculated stud surface
temperature can be derived and graphed.

Eqg. 10°

i-r.,)

TI",'vi = 7‘."" Y ' e
(pie. ), (ay) || . |

At ([ )L+, (r —ps)| E+ ),

The calculated time to autoignition temperature for several depth increments into the mineral wool insulation
(long direction of stud) are displayed below. (See Fig. 2A)
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Figure 2A: Time vs Stud Surface Temperature curve — Calculated per Eq. 10.°
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5. FIRE RESISTANCE COMPARISON

FIRE-EXPOSED SIDE

EDGE FACE |
B
58" TYPEX {
GYPSUM BOARD
|2 LAYERS)
SIDE FACES _i
:_y_l_
\\_ FIRE RETARDANT
TREATED WOOD

2" X 6" [NOM.) STUD

EXTERIOR WALL

FRTW 2" X 6" NOMINAL
STUD WALL, NO
INSULATION

is required on the exterior side of the wall.

www.codeul.com

EXTERIOR WALL

FIRE-EXPOSED SIDE

EDGE FACE 7
SiE TYPEX —-C.'_:

GYPSUM BOARD X

axpen

[2LAYERS)

]

-
/ ROCHK WOOL INSULATION
MIN 3.3 PCF DENSITY

—
SIDE FACE —
- — FRICTION FIT

—~
] \
STANDARD WOOD

27X 8" [NOM.) STUD

—

STANDARD 2"X&"
HOMINAL STUD WALL,
ROCK WOOL
INSULATION

Figure 3: FRTW and Mineral Wool Stud Walls

Note: Figures 3-6 do not show composition of the exterior (non-fire exposed) side, as other constructions,
allowed by code for non-fire exposed assemblies, may be used. All wall types shall be 2-Hr rated as shown in
Appendix A. For the fire separation distance less than 10 feet, an additional layer of 5/8” type X gypsum board
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/— ORIGINAL 27X 57 STUD QUTLINE :— CRIGINAL 27X € STUD CUTLINE
F

EXTERIORWALL ——__ "%’

FRTW NON FRTW
CHAR LAYER AT 10 MINUTES CHAR LAYER AT 17 MINUTES
AFTER IGNITICN AFTER IGHNITION
TEMPERATURE REACHED TEMPERATURE REACHED
5.22 IN° REMAINING 6.63 IN* REMAINING

Fig 4: FRTW and non-FRTW Stud Wall at 60 Minutes After Fire Exposure of Gypsum Board Wall

/— ORIGINAL 2" X §° STUD OUTLINE :— ORIGINAL 27X & STUD OUTLINE

EXTERIOR W.ALL—-..____;_‘“ EXTERIOR WALL ——___ |
Y . ¥
FRTW NON FRTW
CHAR LAYER AT 20 MINUTES CHAR LAYER AT 27 MINUTES
AFTER IGMITION AFTER IGNITION
TEMPERATURE REACHED TEMPERATURE REACHED
2.45 INF REMAINING 6.0 IN® REMAINING

Figure 5: FRTW and Non-FRTW Stud Walls at 70 Minutes After Fire Exposure of Gypsum Board Wall
Point of FRTW Wall Failure
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/_—DRIGIHF\.LZ'X 6" STUD CUTLINE

EXTERIOR WALL ——

MNOH FRTW

CHAR LAYER AT 69.6
MINUTES AFTER IGNITION

Figure 6: Non-FRTW Stud Wall at Failure at 112 Minutes — Reduced Cross Sectional Area Equivalent to
FRTW at Failure

Charring and loss of load-supporting cross-section of the wood studs begins at approximately 43 minutes after
exposure of the wall to fire, as heat conducts through the gypsum board and the temperature at the inside face
of the gypsum board wall reaches the autoignition temperature of wood. Ignition of the FRTW is delayed by
approximately 7 minutes by the action of the fire retardant treatment. By approximately 50 minutes after
exposure, both studs are experiencing charring.

At 60 minutes after exposure, approximately 50% of the allowable cross-section of the FRTW stud has been
consumed by charring. Somewhat less (27%) of the insulated non-FRTW stud has been consumed at the
same point, due to the effects of rock wool of rock wool in limiting heat transfer to the wood.

At 70 minutes, the FRTW has lost sufficient cross section that it fails in load. At this point, approximately 25%
of the original FRTW stud cross-section remains. However, only 39% of the insulated stud has been
consumed.

At approximately 112 minutes, charring of the insulated non-FRTW stud reaches the point at which less than
25% of the original cross-section remains and the stud fails.

The table below provides a comparative analysis that clearly shows that standard wood framing with rock wool
insulation performs better than FRT wood framing under fire conditions.
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Time Standard Stud with Rock
Interval Description FRTW Stud Reaction Wool
(minutes) Insulation Reaction
Gypsum board face of wall is
first exposed to flames/heat,
. . . None None
interior of stud wall at ambient
t=0 temperature
Temperature at edge face of
stud attached to gypsum
board exceeds autoignition R Charring begins on
point of wood (500°F), stud FI?Tn?tEg\r']ng Fségl_bsl{lukglsnlts narrow edge of stud
cavity of FRTW exceeds 9 (1.5" wide)
autoignition point of wood
t=143 (500°F) (See Fig. 2)
Charring begins on Charring along wide
Chemical and mechanical narrow edge of stud (1.5" faces nearest to the
inhibition of ignition of FRT wide) and along both gypsum board
wood exhausted exposed long faces (5.5" | (Autoignition temperature
=50 wide each) boundary at 2.75” depth)
Charring has consumed
Charring has consumed apprOX|Ir|natery| 21% of
50% of allowable _ajowabie
(Autoignition temperature
boundary at 4.125”
=60 depth)

Char layer exceeds Charring has consumed
allowable, insufficient approximately 39% of
cross-section of stud allowable

available to support load, | (Autoignition temperature
t =70 stud fails boundary at full depth)
Char layer exceeds
allowable, insufficient
cross-section of stud
available to support load,
t=112.6 stud fails

6. ADDITIONAL BENEFITS

1. Depending on the species, type of product (stud, joist, plywood, beam), and its application (wall, floor,
roof), the strength originally associated with wood is reduced when treated with a fire retardant. Therefore,
the FRTW manufacturer is required to provide strength adjustments based on the intended use of the

wood. This reduction in strength must be factored in to the structural design of the building. The effective

www.codeul.com
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spans and bearing capacity of the lumber is reduced, so beams are over-sized and more lumber is used in
the project than required with standard studs. Hence non-treated wood consumes less of the available
resources and is structurally stronger than FRTW.

The process of pressure-impregnating chemicals into wood to achieve FRT lumber has a negative
environmental impact, due to increased use of virgin chemicals and more waste chemicals that needs to be
treated before it is discharged in to the sewer system. Additionally, there are health impact concerns
regarding to the occupants of the building from a long term exposure to the chemicals used in pressure
impregnation. Unlike the chemical FRT process, rock wool is made from an inorganic fiber that does not
have adverse impacts on the environment or individual health of occupants.

Due to the potential corrosion of steel, hot-dipped galvanized fasteners are required over standard zinc-
plated type, when using FRT wood. Rock wool is made from inorganic fiber, it does not reduce the
strength of the wood, and does not require hot dipped galvanized fasteners. Hence, it is a better alternative
for the environment and overall structural design.
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7. CONCLUSION

Rock wool batt insulation will be friction fit between the 2x6 studs. Filling the entire depth of the wall cavity will
provide better protection than FRT wood framing as permitted by OSSC 2303.2 and 603.2. The architect is
proposing to use comfort batt insulation product by Roxul Company. The batt insulation will be 5.5 inches thick
and will be friction fit within the stud cavity. This product is within the parameters of our analysis and the
proposed wall assembly will exceed the performance of an FRT wood framed wall assembly. Code does not
prohibit the use of better quality products than what is mandated; as this proposed assembly exceeds the base
code criteria it will satisfy the code requirements.

Samir Mokashi
Principal/Code Analyst

Franklin Callfas
Principal/Code Unlimited
Fire Protection Engineer
Code Unlimited
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Appendix A Figure 1: Typical Floorplan (Floors 3-7)
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FO SHEATHING‘Q_
FO CLADDINGQ

EXTERIOR

VARIES

|-—— NON-COMBUSTIBLE CLADDING, VARIES

07 25 00 - WEATHER BARRIER

06 1000 - 5/8" EXTERIOR TYPE X GYPSUM SHEATHING

R

06 10 00 - 2x6 NON-FRT WOOD FRAMING

T

07 21 00 - MINERAL FIBER INSULATION

07 21 00 - VAPOR RETARDER

09 21 16 - 5/8" TYPE X GYPSUM BOARD (2) LAYERS

PLAN

NQIES

1. RATING IN ACCORDAMNCE WITH CITY OF PORTLAND CODE GUIDE - TYPE IIl CONSTRUCTION - OSSC/6/#4
2. CONTINUE ASSEMBLY TO UNDERSIDE OF SUB-FLOORING AND ROOF SHEATHING WHERE 6x12 WOOD
BLOCKING IS NOT PRESENT.

EXTERIOR WOOD FRAME ASSEMBLIES

1 3r|=1|_0||

Appendix A Figure 2: Typical Exterior Wall Type
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