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Project Overview

SERA Architects is designing the AC Hotel in Downtown Portland. The building is 14 stories, type IA
construction. Full protection is provided by automatic sprinklers and fire alarm system. Steel structure is
being used to support the stairs. The steel will be rated to 2 hours.

Applicable Code

2014 Oregon Structural Specialty Code (OSSC)
2014 Oregon Fire Code

Approach

e Fire-resistance rating requirements of the intumescent coating for the beams and columns will
be compared with the rating provided by manufacturer for beams.

o Fire-resistance rating of the steel stair structural frame is 2-hour fire-resistance rated in all
locations except where beams and columns connect.

o Fireproofing of the beam-column connections will be detailed as recommended by coating
manufacturer.

¢ Engineering judgement and commentary are provided in the conclusion section.

Proposed Design

The steel structural frame is located in a 2 hour rated wall assembly (see below). The columns and
beams support exterior and interior wall assemblies and roof assembly only and do not support a floor
assembly.
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The steel stair structural frame is composed of HSS beams and columns that have been factory treated
with intumescent fire-resistant coatings to achieve a 2-hour fire-resistance rating. The thickness of the
intumescent coating for the beams and columns is based on A/P ratio for HSS sections in column tests
for the size of the HSS steel members in test CC/IF 180-03. HSS section protection is provided
equivalent protection for beams based on comparison of beam protection for W section and HSS beam
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protection by test UL Design X790 and CC/IF 180-01. The size of the beams is as follows:
Beam Sizes:

e HSS8x6x1/4

e HSS14x6x5/16
e HSS12x6x5/16
e HSS12x4x5/8

The intumescent coating is not applied where the columns connect to the beams. Gaps occur at the
beam-column connections that vary from 1/2-inch to 1/4-inch. Fireproofing of the gaps will be provided
by compressed mineral wool to fill the gaps. Compressed mineral wool will be required to fill the entire
cavity of the gap. The mineral wool and beam-column connections will then be covered with
intumescent coating applied per the manufacturer’s instructions, based on testing by Intertek (refer to
CC/IF 180-03), to achieve a 2-hour rating. Compressed mineral wool is used as a backing material in
multiple UL listed assemblies.
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Fire Resistance Assembly Table

The table below provides information on the thickness of intumescent paint applied to beams and
columns. Provided as well is the proposed thickness of intumescent paint for the beam-column
connection.

Member Type | Member Size Thickness (inches) Fire
Intumescent Paint Rating (hr)

HHS8x6x1/4 0.36 2

Beam HHS14x6x5/16 0.35 2
HHS12x6x5/16 0.33 2

HHS12x4x5/8 0.35 2

Beam-Column %" to ¥4" gap at Compressed mineral wool as per manufacturer’s 2

Connection connection recommendation covered w/ 0.36 inches intumescent
paint

Beam Analysis

Engineering analysis by Code Unlimited is based on comparison of 2 tests using ASTM E119 test
standards.

ASTM E119 test beams in restrained conditions using thermocouples placed along the beam.
Conditions of acceptance require the thermocouple to not exceed 1300 degrees at a single location or
average of 1100 degrees for all 4 thermocouples. ASTM E119 states that the beam be part of a floor or
roof assembly in a design load condition. The floor or roof assembly provides a load for the duration of
the test and acts to absorb and dissipate the heat horizontally away from the top of the beam, allowing
the beam to be exposed to fire from only 3 sides. In this condition the beam is not supporting a floor or
roof assembly, therefore in a minimally loaded condition where it only supports interior and exterior wall
loads. The beams will only be exposed to fire from the interior stairwell or an exterior building. The
interior stairwell will have minimal fuel load as the code prohibits combustible material in the stair. The
heat from a fire in the stair will not produce a heat flux capable of exceeding the temperatures in the
conditions of acceptance for beams in ASTM E119, therefore an internal fire is not the worst case fire
scenario. Heat flux from a fire from an adjacent building is the worst case fire scenario on the beam.
The exterior skin of the building reviewed is of non-combustible materials with a continuous insulation
blanket and will not add to the fuel load of the external fire. Exterior insulation required will provide
some insulating quality between the fuel load and the beams being reviewed. This condition is better
protected from heat than the heat flux on a beam used to determine protection required in the ASTM
E119 tests and provides a conservative measure for using comparative analysis of beam protection
established using ASTM E119 tests.
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UL Design X790 shows a direct comparison of thickness of SFRM coating to achieve 2 hour fire
protection between W section and HSS sections. By showing that the thickness required for a W
section beam with a W/D ratio to achieve 2 hour protection and the thickness required for a HSS
section used in this project, a direct comparison of W section protection and HSS section protection can
be shown.

CC/IF 180-01 shows thicknesses required to provide 2 hour protection of W section beams using the
specified product. By comparing the the thicknesses required by CC/IF 180-01 for W/D ratios in UL
X790, equivalency of thicknesses required for a HSS section beam to achieve 2 hour protection can be
shown.

The thickness of intumescent coating shown in the table above is based on manufacture
recommendations based on Intertek test CC/IF 180-03, for HSS columns.

e UL X790 — shows comparisons of thickness of intumescent coating for W section beams and
HSS section beams.

e CCJ/IF 180-01 — shows thickness of Thermo Lag 100 for beams based on W/D ratio of W section
beams.

Analysis of protection of the HSS 8x6x1/4 beam is as follows:

e UL Design X790 shows that a W8 x 21 with a W/D of 0.57 requires 1.4375" of protection for 2
hour rating.

o UL Design X790 shows that a HSS 8x6x1/4 requires 1.375” of protection for 2 hour rating.

e CC/IF 180-01 shows that a beam with a W/D ratio of 0.56 requires 0.36” of Thermo Lag 100 for
2 hour rating.

e Therefore, since the HSS 8 x 6 x ¥4 requires less intumescent coating thickness than required
for a W section with a W/D ratio of 0.57, the 0.36” of intumescent provides more than 2 hour
protection based on CC/IF 180-01 for a W section beam with a W/D ratio of 0.56.

Protection of the HSS 14x6x5/16, 12x6x5/16, and 12x4x5/8 beams is as follows:

e UL Design X790 shows that a W8 x 40 with a W/D of 0.84 requires 1.125" of protection for 2
hour rating.

¢ UL Design X790 shows that:

0 HSS 14x6x5/16 requires 1.125” of protection for 2 hour rating.
0 HSS 12x6x5/16 requires 1.125” of protection for 2 hour rating.
0 HSS 12x4x5/8 requires 0.6875" of protection for 2 hour rating.

e CCJ/IF 180-01 shows that a beam with a W/D ratio of 0.84 requires 0.29” of Thermo Lag 100 for
2 hour rating.

e Therefore, since the HSS 14 x 6 x 5/16 requires equivalent intumescent coating thickness as
required for a W section with a W/D ratio of 0.84, the 0.35” of intumescent provides more than 2
hour protection based on CC/IF 180-01 for a W section beam with a W/D ratio of 0.84.

e Therefore, since the HSS 12 x 6 x 5/16 requires equivalent intumescent coating thickness as
required for a W section with a W/D ratio of 0.84, the 0.33” of intumescent provides more than 2
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hour protection based on CC/IF 180-01 for a W section beam with a W/D ratio of 0.84.
Therefore, since the HSS 12 x 4 x 5/8 requires less intumescent coating thickness than required
for a W section with a W/D ratio of 0.84, the 0.35” of intumescent provides more than 2 hour
protection based on CC/IF 180-01 for a W section beam with a W/D ratio of 0.84.

The engineering analysis shows that the required thickness of Carboline Thermo Lag 100 intumescent
coating for 2 hour fire protection for HSS beams can be based on thickness required for W section

beams based on W/D ratios.

Design No. X790
MNovember 17, 2014

Ratings — 1, 1-1/2, 2, 3 and 4 Hr.

* Indicates such products shall bear the UL or cUL Certification Mark for jurisdictions employing the UL or cUL
Certification {such as Canada)), respectively.

1. Steel Column, Steel Pipe or Steel Tube — Wide flange steel column (W) or steel circular pipe (SP) or steel
square or rectangular tube (ST), min sizes as shown in the tables below.

2. Spray-Applied Fire Resistive Materials* — Applied by mixing with water and spraying in cne or more coats
to the thicknesses shown below, to steel surfaces which are clean and free of dirt. loose scale, and oil. Min average
and min individual density of 15 and 14 pcf, for Types 300, 300AC, 300ES, 300HS, 300N, 3000, 3000ES and SB. For
Types 400AC and 400ES min average and min individual density of 22 and 19 pcf, respectively. For methed of
density determination, see Design Information Section, Sprayed Material,
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2-Hour Primary Structural Frame
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2-Hour Primary Structural Frame

- ISOLATEK

INTERNATIONAL 9

X790
Wide Flange Structural Steel Columns
CAFCO® 300 Series, CAFCO™ 400 & ISOLATEK" Type 300 Series, ISOLATEK® Type 400

ASTM Desig. W/D Metric Desig. M/D Hp/A 1-Hour 1-1/2Hour 2-Hour  3-Hour  4-Hour
W8 x67 1.37 W200 x 100 80.8 97.8 1/2 11/16 15/16 1-3/8 1-13/16
58 1.2 86 70.8 111.7 112 3/4 1 1-1/2 2

48 1 71 59.0 134.0 9/16 13/16 1-1/8 1-5/8 2-1/8

|40 0.84 59 49.6 159.5 9/16 13/16 1-1/8 1-5/8 2-1/8
35 0.74 52 437 1871 578 15716 T-174 T-13/16 z-5f1J

31 0.66 46 38.9 203.0 1116 1 1-5/16 1-7/8 2-3/8

28 0.68 42 40.1 197.0 5/8 15/16 1-1/4 1-13/16  2-5/16

24 0.59 36 34.8 2271 1116 1 1-5/16 1-7/8 2-3/8

21 0.57 31 33.6 235.1 13/16 1-1/8 1-7/16 2 2-9/16

18  0.49 27 28.9 2734 1316 1-1/8 1-7/16 2 2-9/16

15 048 22 28.3 279.1 13/16 1-1/8 1-7/16 2 2-9/16
13 042 19 24.8 319.0 15/16 1-1/4 1-9/16 2-1/8 2-11/16
10 0.33 15 19.5 406.0 15/16 1-1/4 1-9/16 2-1/8 2-11/16

X790

Btrul:tur_al Steel Rectangular Tube Columns _
CAFCO” 300 Series, CAFCO" 400 & ISOLATEK" Type 300 Series, ISOLATEK" Type 400

ASTM Desig. Wall Thk AlP Metric Desig. M/D Hp/A  1-Hour 1-1/2 Hour 2-Hour 3-Hour 4-Hour
14 %6 1/2 0.48 356 x 152 x 12.7 a2 85.9 38 916 7ia 1-3/8  1-13/16
38 0.36 x95 T0.8 111.7 TMa 34 1 1-8/16 2-1/8
|58 0.30 x7.9 596 1326 1/2 1316 1-1/8  1-314  2-5/16]
104 0.24 xG64 484 163.3 1116 1 1-3/8 2 2-1116
12x6 5/8 0.58 3058 x 152 x 15.9 111 7.2 56 TG 1116 1178 1-89/16
12 0.47 ®x127 915 86.4 3/8 916 Ti8 1-3/8 11316
38 0.36 x95 T02 1126 7i16 34 1 1-9M16  2-1/8
[5/16 0.30 x7.9 59 134.0 1/2 1316 1-1/8  1-3/4  2-5/16|
1/4 0.24 x6.4 488 162.0 1116 1 1-3/8 2 2-1116
ane 0.18 x4 8 366 216.0 304 1-1/116 1-7116  2-1116 2-11/16
[12x4 BI8 0.58 305 x102 x 159  109.2 724 5/16 716 1116 1-1/8  1-9/16 |
1/2 0.47 x 127  90.3 B7.5 3/8 9/16 7/8 1-3/8  1-13/16
38 0.36 x95 696 113.6 THE 34 1 19116 2-1/8
516 0.30 x7.9 58 134.0 112 13116 1-1/8  1-34  2-5M16
1/4 0.24 xG4 478 165.4 11116 1 1-3/8 2 2-11116
316 0.18 x 4.8 36 219.6 34 1-1/16 17116  2-1116 2-11/16
8x6 112 0.46 203 x 152 x12.7 885 80.3 38 /16 T8 1-3/8 1-7i8
38 0.35 x95 684 115.6 Ti16 34 1 1-89M16  2-1/8
5116 0.30 ®x7.9 57 138.7 1/2 1316 1-1/8  1-314  2-5M16
[1/4 0.24 x6.4 472 167.5 11116 1 1-3/8 2 2-111185|
36 0.18 xd 8 36 219.6 34 1-116 1-716  2-116 2-11/16
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0T BO 0O Fire and Smoke Protection
07 81 00 Applied Fire Proofing
07 81 23 Intumescent Fireproofing

CCIF 180-01

Pagelof2 | mrome

Carboline Company
CCAF 180-01
Restrained or Unrestrained Beam
Thermo-Lag E100, Thermo-Lag E100 5
ASTM E119-12a

CAN/ULC S101-0T7 Restricted Load Maximumm 65% of design load

Assembly Rating — See Table CCAF 180-01

1.

Date Created: 10-31-2013
Project Mo: 10115T8615AT-0M3A

FLOOR/CEILING ASSEMBLY - Use a
fire-rated floorncailing aszembly
consisting of normal  weight  or
lightwight {minimum 105 pef, 1682
kaim®) reinforced concrele.  Thickness
of concrete Floor ceiling assembly must
comply with designated fire resistive
rating.

FLUTED STEEL FLOOR UNITS -
Corrugated steel decking, minimum 1-
112 inch deep (38 mm), minimum 20 Ga.

STEEL STRUCTURAL BEAM - Lisa
steel sections, |-beam or W-beam, sized
in accordarte with the Table CCAF 180-
01,

Intertek

FIRE-RESISTIVE COATING - Refer to
Table CCUF 18001  for  specific
application thickness of fire resistive
coaling.

CERTIFIED MANUFACTURER:
Carboline Company

CERTIFIED PRODUCT:
resistive Coating

Firg-

MODEL: Thermo-Lag  E100,

Therma-Lag E100 S

Intumescent Fireproofing - Spray
of paint in one or more coals

according to manufachurer's

Sinteriek

Code Unlimited LLC
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07 80 00 Fire and Smoke Protection
07 81 00 Applied Fire Proofing
07 81 23 Intumescent Fireproofing

CCAF 180-01

Page 2 of 2

ingtructions 1o the  required MODEL: Any Interlek certified mineral
thickness. wiool or ceramic fiber blanket model that
méels the criteria balow.
5. LISTED MANUFACTURER: Any
Intertek certified mineral wool ar ceramic FLUTE FILLER - Completely fil the
fiber blanket manufacturer thal meats flutes bebseen steal structural beam
the eriteria below. (ltem 3) and the fiuted steel floor unit
{ltem 2) with 4 pef mineral wool ar 4 pef
CERTIFIED PRODUCT: Insulation eeramic fiber blanket.
Table CCAF 180-01
HPIA | wiD &0 min. 90 min. 120 min. 150 min. 180 min.
1/m Ibrftfin mm in mim in mm in mm in mm in
30 448 |30 (o012 3001230 o2 30 o2 33013
40 334 |30 (o012 30 012 30 (012 35 [o1a | a2 (o017
50 267 |30 |o1z]| 30 012] 33 |o13]| 42 |07 | 50 [ o020
&0 223 [ 30|01z 30 012] 38 [o15] 48 019 | 58 [ 023
70 1.91 30 (012 | 32 [013 ] 43 [047 | 54 [ 021 | 65 [ 028
75 178 | 30 |02 33013 ]| 45 (o018 | 57 |o22 | 68 | 027
B0 167 | 30 (012 35| 014 47 (019 | 50 {023 | 72 | 028
B85 157 | 30 012 37 |05 | 49 [o019 [ 62 (024 | 75 | 030
90 143 | 30 012 38 |05 51 [o20 ] 65 {025 | 78 | 031
95 1.41 30 (012 | 39 [015 | 53 |o21 | 67 |o26 | 81 [ 032
100 134 | 30 |012| 41 |06 | 55 [022 [ 69 [027 | 84 | 033
110 122 |30 [012[ 43017 58 o023 74 [o2a ] 89 [ o35
120 1.11 30 (012 | 46 (018 62 [o24 | 78 [ 031 | 94 o037
130 103 [ 31 |o12[ 48019 65 (026 | 82 |03z | 99 | 0as
140 095 |33 |o13|so o200 68 [027 ] 86 [ 034 [ 103 041
150 083 | 34 (013 52 [o20] 71 [o028 ] a9 | 035 [ 107 | 042
160 084 | 36 o014 54 (021 [ 73 |o2o ] 92 [ 036 [ 112 044
170 079 | 37015 56 (022 | 74 |029 ] 95 | 037 | 118 048
180 074 | 39 (015 658 (023 | 77 [o30 | 98 [ oas [ 120 | 047
190 070 | 40 (016 ]| 60 (024 [ 80 [031 [ 101|040 [ 123 | 048
200 067 |41 |06 |62 (024 | 82 [032 | 104|041 [ 127 | 050
210 064 |42 [o17| 63 [o2s| a5 | 033 [ 106 | 042 [ 130 ] 051
220 0.61 43 (017 | 65 026 [ 87 [ 034 [ 109|043 [ 134 [ 053
230 058 | 45 |018 | 67 | 026 | 89 | 035 | 11.1 | 044 | 137 | 054
240 058 | 46 |018]| 69 (027 | 91 | 036|114 045 | 140 055
250 053 | 47 {019 | 70 (028 | 93 [ 037 [ 11.7 | 046 | 143 | 058
260 0.51 48 (019 | 72 |028 | 95 [ 037 [ 119 | 047 | 146 | 057
270 050 |49 (019 73 {029 ] 97 [o38 122|048 149|050
280 048 | 50 |o20]| 74 (029 | 99 | 039|124 | 049 | 151 [ 059
290 045 | 50 (020 76 (030 [ 101040 126 050|151 [ 0ss
300 045 | 51 o020 77 o030 103041 (128 050154 061
302 044 | 52 |o20| 77 /o030 ] 103041 129|051 [ 155 ] 061
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Gap Assembly Analysis

The beams and columns achieve a 2-hour rating by virtue of the factory-applied intumescent coating in
all locations except at the connections. The connections achieve a 2-hour rating due to compressed

mineral wool filling gaps between the beams and columns and an intumescent coating covering the
mineral wool and

connections to meet the

thickness Miod47 @ NS OF LEVEL

tested Figds @ FS OF LEVEL
Miges @ NS OF LEVEL

MIOED_ @ FS OF LEVEL

LExBxE @ NS

LEx3xi @ F5

BIAC2) 1 A3OT THEU., BOLTS

M Loklg sLaTTEDR HOLES

required by

THEL LEYEL 13 assemblies.
THEL LEVEL 13

PATRE]

HEs BEAM
| 3 SIDES
25 RET.
A R4 !
L SIDES

DETAIL
REF. 4/5603

H=%

Figure 1: Gap at beam-column connection

Code Unlimited LLC [10] www.codeul.com


http://www.codeul.com/

Conclusion

The engineering analysis shows that the thickness of Carboline Thermo Lag 100 intumescent coating
shown in the Fire Resistance Assembly Table, page 3, will provide 2 hour protection for the beams. The
thickness of the intumescent coating on the beams is supported by manufacturer recommendations
that thickness of intumescent coating can be the same as required by columns for HSS section size.
The statement by the manufacturer is further supported for the condition of this installation of beams,
not supporting floor loads, by a letter from Underwriters Laboratories that states that their position is
that beams not supporting floor loads can be protected by thickness required by columns, see attached.

The stair structural frame will achieve a 2-hour fire-protection rating as required by the OSSC.

Samir Mokashi
Principal/Code Analyst
Code Unlimited
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Franklin Callfas
Fire Protection Engineer
Code Unlimited
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