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Softwood Lumber Board Glulam Connection Fire Test
Summary Report

1 Introduction

The Softwood Lumber Board, Arup, MyTiCon and DR Johnson have partnered to
complete three full-scale fire tests for glulam beam to column connectors. The fire
tests have been completed for “off-the-shelf” connectors for glulam beams, testing
the connector to meet a minimum of a 1hr fire resistance rating (FRR).

2 Background

Buildings of Type 1V Heavy Timber construction, as defined by the International
Building Code (IBC), can be constructed up to 85ft and are required to have
member sizes that meet a prescriptive minimum dimension, to provide a FRR.
Mass timber buildings, using engineered timber products such as glulam and cross
laminated timber (CLT), are normally designated as Type IV construction. Where
glulam beams and columns intersect, the connectors need to achieve a FRR and
how this is achieved is not well-detailed within the IBC or referenced guides.
Typically, a FRR of 1hr is requested for Type IV connections, for building permit.

The lack of an “off-the-shelf” fire rated solution for glulam beam to column
connectors achieving a 1 hr FRR is a barrier to medium-rise mass timber
construction (4 to 8 stories, below 85ft). The most widely accepted method for
proving a building element achieves a FRR is through a fire test, to meet the
requirements of Chapter 7 of the IBC.

To assist the construction industry, three different configurations of glulam beam
to column connections were fire tested at an approved fire testing facility. The fire
tests were carried out to meet ASTM E119-16a “Standard Test Methods for Fire
Tests of Building Construction and Materials”, hence meeting Chapter 7 of the
IBC.

The completed fire tests and supporting reports allow engineers and architects to
specify these tested connection assemblies and satisfy the requirements of the
IBC. Approval by an authority having jurisdiction (AHJ) will therefore be easier
for future building projects.

3 Methodology

The fire tests were carried out in an upright furnace, with the glulam beam to
column connection located within a specialized loading frame. The loading frame
sits within the upright furnace that is programmed to deliver a standard time-
temperature curve to meet ASTM E1109.

The specimen is made up of a glulam beam, connected directly to a glulam
column, with concealed end-grain connectors. A CLT floor is screw-fixed to the
glulam beam (see Figure 1 and Figure 2). The tested connection was loaded to
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represent actual building conditions. A jack on the frame applies the load direct to
the CLT floor, located over the beam end connection. The CLT floor also acts as
the lid of the furnace. The applied load was determined from calculations carried
out by Arup, based on an assumed structural grid for a typical office building.

All glulam timber dimensions were chosen based on typical commodity glulam
stock, so that the timber was economical to source.

Figure 1 — Test specimen being assembled, before CLT floor is installed
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Figure 2 — Test specimen in loading frame with CLT floor attached to beam, within
upright furnace

4 Beam to Column Connection Set Up

4.1 Connectors Used
The connectors used for the fire testing were:
e Ricon S steel connector:
0 Test1-Ricon S VS 290x80
0 Test 2 — Staggered double Ricon S VS 200x80
e Knapp Megant aluminum connector:
0 Test 3 - Megant 430 x 150

Connectors were installed as per specifications supplied by MyTiCon.
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Figure 3 — Overview of a typical Ricon connector (image from MyTiCon)
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Figure 4 — Ricon S VS 290x80 connector used in Test 1 (image from MyTiCon)
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RICON 5 200/80 VS

Figure 5 — Ricon S VS 200x80 for Test 2 (double connector used) (image from

MyTiCon)

Figure 6 — Typical Megant connector (image from MyTiCon)
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Figure 7 — Megant 430 x 150 connector used in Test 3 (image from MyTiCon)

4.2 Fire Stop Sealant
Fire stop sealant (also called fire caulk) was applied at the following locations:

e A %" bead of fire stop sealant was applied on the column face, such that it
was located 1.5” from the beam edge. The sealant was applied prior to
connection of the beam. Excess sealant was then cleaned away once the
beam was fitted (see Figure 8). This was to ensure the gap between beam
and column was effectively fire sealed.

e A bead of fire sealant was applied to the top of the beam for Test 1 and
two beads of sealant were placed on the beam, for Tests 2 and 3, prior to
the CLT floor being screwed into place. The line of sealant was central to
the beam for Test 1 and 1.5 away from the beam edges, for Tests 2 and 3.
Excess sealant was cleaned away.
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Figure 8 — Test 1 fire sealant in place prior to connection of beam

5 Fire Tests Undertaken

5.1 Test 1 — Small Beam with Single Ricon

The assumption for this beam to column connection is a secondary beam and
hence a relative lighter applied load:

e Column: 16.5” (419mm) x 14.25” (362mm), beam located on 14.25” side
e Beam: 8.75” (222mm) x 18” (457mm) (width x height)
e Applied load at connector: 3,905Ibs (17.4kN)

e Connector type: Single Ricon S VS 290x80 (this connector was not at
capacity)

e Fire resistance rating achieved was 1hr

The results of the test are documented within test Report 22532.01.001, dated
May 26, 2017 (see Appendix A).
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Figure 9 - Test 1 at 1hr and being removed from furnace

5.2 Test 2 — Large Beam with Double Ricon

The assumption for this beam to column connection is a primary beam and hence
a higher applied load.

e Column: 16.5” (419mm) x 14.25” (362mm), beam located on 14.25” side
e Beam: 10.75” (273mm) x 24” (610mm) (width x height)

e Applied load at connector: 16,6201bs (73.9kN)

e Connector type: Staggered double Ricon S VS 200x80

e Fire resistance rating achieved was 1.5 hr

The results of the test are documented within test Report 22532.01.003, dated
May 26th, 2017 (see Appendix B).
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Figure 11 — Test 2 during test and post-test (beam and columns cut for inspection)
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5.3 Test 3 — Large Beam with Megant

The assumption for this beam to column connection is a primary beam and hence
a higher applied load.

e Column: 16.5” (419mm) x 14.25” (362mm), beam located on 14.25” side
e Beam: 10.75” (273mm) x 24” (610mm) (width x height)

e Applied load at connector: 16,6201bs (73.9kN)

e Connector type: 1 Knapp Megant 430 x 150

e Fire resistance rating achieved was 1.5 hr

The results of the test are documented within test Report 22532.01.002, dated
May 26th, 2017 (see Appendix C).

Figure 12 — Test 3 connector before and after test (beam cut for inspection after
test)
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Figure 13 - Test 3 at end of test

6 Fire Test Results

The test results were:

Connector

1 8.75"x18” 1 x Ricon S VS 3,905Ibs lhr
(222mm x 457mm) 290x80 (17.4kN)

2 10.75" x 24~ Staggered double 16,6201bs 1.5hrs
(273mm x 610mm) Ricon S VS 200x80 (73.9kN)

3 10.75”" x 24” 1 x Megant 430 16,6201Ibs 1.5hrs
(273mm x 610mm) (73.9kN)

All connectors passed and achieved at least 1hr FRR.
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Contact Details

For questions related to this report, please contact:
David Barber,
Arup, Washington DC
+1 202 729 8216

david.barber@arup.com
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Appendix A

Fire Test 1 Report
(22532.01.001)
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1.0 OBJECTIVE
The objective of the test described in this report was to determine the fire endurance rating of a

load bearing glulam beam to column connection, including a CLT panel, when exposed to the
time/temperature conditions of ASTM E119-16a, Standard Test Methods for Fire Tests of Building
Construction and Materials with a 4,500-1b load applied to the assembly in a localized area. Testing
was conducted by Southwest Research Institute’s (SwRI) Fire Technology Department, located in San
Antonio, Texas, for Softwood Lumber Board, located in Washington, DC.

2.0 TEST METHOD

The ASTM E1 19 test method is intended to evaluate the duration for which the assembly tested
will contain a fire, or retain its structural integrity, or display both properties dependent upon the type
of assembly involved, during a predetermined fire exposure time.

ASTM E1 19 measures the response of the assembly to exposure in terms of the transmission of
heat and hot gases through the assembly. This standard should be used to measure and describe the
properties of materials, products, or assemblies in response to heat and flame under controlled
laboratory conditions and should not be used to describe or appraise the fire hazard or fire risk of
materials, products, or assemblies under actual fire conditions. However, results of this test may be
used as elements of a fire risk assessment, which takes into account all the factors that are pertinent to
an assessment of the fire hazard of a particular end use.

This report describes the testing and analysis of the assembly tested and the results obtained.
The results presented in this report apply specifically to the material tested, in the manner tested, and
not to the entire production of these or similar materials, nor to the performance when used in

combination with other materials.
3.0 TEST ASSEMBLY DESCRIPTION AND STEEL SELF-REACTING LOAD FRAME

The column, beam. beam connections and CLT panel were prepared before shipping to SwRI1.
SwR1 assembled the test pieces the week of March 6. 2017. The material used in construction of the

assembly is described in Table 1.

Table 1. Material Description.

Product Name/Description Supplier Provided Received On
By

CLT Deck Panel/Sply, Industrial Grade ll.:.lR .{ohnson. Riddle Client February 21,2017
aminators

Glulam Beam Industrial Grade DR Jlohnson. Riddle Client February 21, 2017
Laminators

Glulam Column Industrial Grade DR J'ohnson. Riddle Client February 21,2017
Laminators

Ricon S VS 290 = 80 Connection MyTiCon Client February 21,2017

Structural Screws MyTiCon Client February 21,2017

Fire stop Hilti. Inc. Client February 28, 2017

Softwood Lumber Bourd 2 SwWRI Project No. 01.22532.01.001



The test assembly consisted of steel connection pieces designed as a single slip and lock
hardware, a CLT panel with slots to accommodate the steel self-reacting load frame assembly, beam
and column. The assembly components included a column that measured 16.5 x 16.5 in., and a beam
that measured 18 in. in depth and 8.75 in. in width. Structural screws, as supplied by MyTiCon, were
used to secure the steel connection pieces to the column and beam. With the single slip and lock
hardware secured to the beam and to the column, an overhead crane was used to connect the beam to
the column. The connected beam and column was then placed in the steel self-reacting frame and the

CLT panel was lifted, set on the beam and fasten to the beam with screws.

SwR1 designed and fabricated a steel self-reacting load frame that supported the base of the
column on one end inside the furnace and the beam on the other end outside of the furnace. The portion
of the load frame that was inside the furnace is insulated and water cooled to protect the load frame
from the heat exposure. The bending load was applied with a servo controlled hydraulic actuator
attached to the upper horizontal beam. A load cell and an MTS control system were used to control the

applied force during the test. A string potentiometer was used to measure the extension of the jack

during the test.

For application of the load a § x 6 x 1-in. steel plate was positioned on the top of the CLT panel
and the load was applied to the steel plate. Assembly drawings. pictures, details of the test items and

self-reacting load frame can be found in Appendix A.
4.0 INSTRUMENTATION

The Client provided test item thermocouple locations and drilled the holes in the wood members
for installation of Y-in. Inconel sheathed Type K grounded junction thermocouples. When the
thermocouple locations were prepped, SwRI inserted the thermocouple in the drilled hole until it would
make contact with the wood or metal temperature measurement location. Nine additional thermocouples
were used to record and verify furnace conditions and specimen performance in regards to the ASTM
E119 test specification. Five were located on top of the CLT panel and four were probes located to
record furnace temperature. The probes were positioned 12 in. from the exposed face of the beam and
at the bottom of the beam elevation. A computer based data acquisition system was used to record the
applied load. displacement and temperature measurements. The test item thermocouple locations can

be found in Appendix B. Instrument calibration information can be found in Appendix C.

5.0 TEST RESULTS

Test Date: March 6, 2017

Test Witness: Mr. David Barber, representing Arup USA Inc.
Specimen 1D: Specimen A: Ricon S VS 290 x 80 Connection
Ambient Temperature: 71 °F

Soltwood Lumber Bourd 3 SwRI Project No. 01 22532.01.001



Relative Humidity: 73%

Observations: Refer to Table 2.

Rating Obtained: 61 min, based on when the test was terminated

Load: 4890 Ib applied to the steel plate on the CLT panel

Results: The acquired data for the test is located in Appendix D in graphical
form. Photographic documentation of the test can be found in
Appendix E.

Deviation: The test was conducted in general accordance with ASTM E119 since
the test was not to evaluate heat transmission. The intent of the test was
to provide a rating of the integrity of the load bearing CLT panel
fastened to a beam to column connection when exposed to the fire
conditions stated in ASTM E119-16a, Standard Test Methods for Fire
Test of Building Construction and Materials.

Table 2. Fire Resistance Test Visual Observations.
Ti
gy Observation
(min:s)
Pre-test application of the 4.890 Ib.
0:00 Start of test, furnace ignited and data acquisition initiated, deflection measurement is
: zero before the start of the test.
2:00 Wood has ignited.
4:40 Furnace gas is controlled to idle.
15:00 No issues.
30:00 | Slight creep in deflection.
42:40 Load signal lost; signal line damaged by furnace exhaust; repaired with no effects on
- load.
60:00 | Beam continues to hold load.
61:00 | Test is terminated.

6.0 POST TEST

After the tested assembly was removed from the furnace and steel reaction load frame, a

chainsaw was used to cut a cross section in the thinnest area of the column and beam. Table 3 provides

the measurements of the locations and pictures can be found in Appendix D.

Table 3. Post Test Measurements.

Test [tems Measurements

Beam original dimension 18.00 = 8.75 in.

Post Test Beam measurement. middle of the beam | 15.75 x 6.75 in.

Column original dimension 16.50 % 16.50 in.

Post Test Column measurement 14.50 x 13.00 in,

Softwood Lumber Board 4 SwRI Project No. 01.22532.01.001



7.0 CONCLUSION
Based on the test results, the load bearing CLT panel, fastened to a glulam beam to column
connection. constructed as described herein. obtained a 61-min fire endurance rating when tested in

general accordance with ASTM E119-16a.
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APPENDIX A
CONSTRUCTION PICTURES AND CLIENT-PROVIDED ASSEMBLY DRAWINGS

(CONSISTING OF 8 PAGES)
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Figure A-1. Unexposed Side of CLT Panel.

i 1 1

A-2, Beam Steel Connection Piece.

Figure
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Figure A-3. Column Frcpped.
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Figure A-5. Test Article Installed in Self-Reaclmg Frame. _

Flgu re A-6. 'I‘est Assembly Placed Inside F‘urnace
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Figure A-8. Client-Provided Drawing.
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Figure A-9. Client-Provided Drawing.

Softwood Lumber Board A-6 SwRI Project No 01 22532.01.001




e e
mA=Te=ae)

—
=
| 0ne-XE -

et m oy

FIRST 130

il
| [ i
ik
I E

r—wfr-—]
BT-i3-1 P

c
FIRST (IR

¥
L
LS '
)
5
=
By 302
= I
s i<a
Sy
B
2]
gl
z ViEl
= - T ~ 1 1
- Ll 1, Wy Fm Wroer ) 0L TR GE
T P | escin Gl 0E

Figure A-10. Client-Provided Drawing,

Sofiwood Lumber Board A-T SwRI Project No. 01 22332.01 001




Figure A-11. Load Frame and Furnace Rendering.
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APPENDIX B
THERMOCOUPLE LOCATIONS

(CONSISTING OF 5 PAGES)
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Table B-1. Thermocouple Locations.

Thermocouple
Number

Description

Located centrally at (he connector.

2

Located centrally at the connector.

Located 16 in. from the beam connector (approx.).
Hole drilled in from top of beam, to a depth of 4 in.
Located 1 in. from right hand side of the beam.

Located 18 in. from the beam connector (approx.).
Hole drilled in from top of beam, to a depth of 4 in.
Located 2 in. from right hand side of the beam.

h

Located 16 in. from beam connector (approx.).
Hole drilled in from top of beam, to a depth of 4 in.
Located | in. from left hand side of the beam.

Located 18 in. from beam connector (approx.).
Hole drilled in from top of beam, to a depth of 4 in.
Located 2 in. from left hand side of the beam.

Located 2 ft 2 in. from CLT front edge.
Located 1 ft 9 in. from CLT side.
Hole drilled in from top of CLT, to a depth of 6 in.

Located 2 ft 2 in. from CLT front edge.
Located 1 fi 6 in. from CLT side.
Hole drilled in from top of CLT, to a depth of 5.5 in.

Located 2 ft 2 in. from CLT front edge.
Located 1 ft 3 in. from CLT side.
Hole drilled in from top of CLT, to a depth of 5 in.

10

Located 2 ft 2 in. from CLT front edge.
Located 1 ft from CLT side.
Hole drilled in from top of CLT. to a depth of 4.5 in.

Located 6 in. from beam connector (approx.).
Hole drilled in from top of beam, 10 a depth of 4 in.
Located 2 in. from right hand side of the beam.

12

Located 6 in. from beam connector (approx.).
Hole drilled in from top of beam, to a depth of 4 in.
Located 2 in. from left hand side of the beam.

Softweod Lumber Board

B-1 SwR1 Project Na 0] 2253201 004




Figure B-1. CLT Panel Orientation for Thermocouple Installation
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Table C-1. Equipment Calibration Documentation.

Item Make Model Serial No. Cal Due

Data Acquisition Unit Yokogawa DU100-11 91R420032 May 20, 2017

Data Acquisition Unit Yokogawa DUI100-11 91R420030 May 19, 2017

Data Acquisition Unit Yokogawa DUI00-11 12VB42119 May 19,2017

Pasition Transducer Celesco SPD-25-3 1.2524245C January 12, 2018
Ruyeice: Pressiite Setra 264 2708707 | September 11,2016
Transducer

Load Cell Strainsert SPHC-2X0O Q14372-14 July 26, 2017

Humidity/Temp Indicator Vaisala HM 34 W2420016 September 23, 2017

Softwood Lumber Board
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SwRI Project No.: 01.22832 01 901 Test A. Connector Temperatures
Filename: 17-065ARU001-1
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160
144 4—— — —
i M—— _—/A_ ]
. /
£
80
—TC1
-
£ N —_—1TC
&)
20 —l
o | - . - - — ] T r
L] 2 10 s ET} s a0 .33 40 48 0 58 o 65
Time (min)
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SwRI Project No.: 01.22532.01.00]
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Client. Arup USA, lnc.

SwRI Project No.: 01.22532.01.001
Filename. 17-065ARU001-1

Test Date; March 6, 2017
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Figure D-7. Test A: Load Data,

Chient: Arup USA, Inc.
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. Flgure E-1. View of te Assembly and Applled Load Equipment at 2 min 5 s.

L, ]

Flgure E-2. View of the Test Assembly at 1 h 1 min.
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Figure E-5. Post Test Pictures of the Beam.
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1.0 OBJECTIVE
The objective of the test described in this report was to determine the fire endurance rating of a

load bearing glulam beam to column connection, including a CLT panel, when exposed to the
time/temperature conditions of ASTM E119-16a, Standard Test Methods for Fire Tests of Building
Construction and Materials with a 20,000-Ib load applied to the assembly in a localized area. Testing
was conducted by Southwest Research Institute’s (SWRI) Fire Technology Department, located in San

Antonio, Texas, for Softwood Lumber Board. located in Washington, DC.

2.0 TEST METHOD

The ASTM E119 test method is intended to evaluate the duration for which the assembly tested
will contain a fire, or retain its structural integrity, or display both properties dependent upon the type
of assembly involved. during a predetermined fire exposure time.

ASTM E119 measures the response of the assembly to exposure in terms of the transmission of
heat and hot gases through the assembly. This standard should be used to measure and describe the
properties of materials, products, or assemblies in response to heat and flame under controlled
laboratory conditions and should not be used to describe or appraise the fire hazard or fire risk of
materials, products, or assemblies under actual fire conditions. However, results of this test may be
used as elements of a fire risk assessment, which takes into account all the factors that are pertinent to
an assessment of the fire hazard of a particular end use.

This report describes the testing and analysis of the assembly tested and the results obtained.
The results presented in this report apply specifically to the material tested. in the manner tested, and
nol to the entire production of these or similar materials, nor to the performance when used in

combination with other materials,
3.0 TEST ASSEMBLY DESCRIPTION AND STEEL SELF-REACTING LOAD FRAME

The column, beam. beam connections and CLT panel were prepared before shipping to SwWRI,

SwRI assembled the test pieces the week of March 6, 2017. The material used in construction of the
assembly is described in Table 1.

Table 1. Material Description.

Product Name/Description Supplier Provided Received On
By
CLT Deck Panel/5Sply, Industrial DR .[olmson. Riddle Client February 21, 2017
Grade Laminators
Glulam Beam Industrial Grade DR ) Johnson. Riddle Clierit February 21, 2017
Laminators
Glulam Column Industrial Grade DR Johnson, Riddle Client February 21, 2017
. Laminators
Megant 430 < 150 Connection MyTiCon Client February 21,2017
Structural Screws MyTiCon Client February 21,2017
Fire stop Hilti, Inc. Client Febroary 28, 2017

Softwood Lumber Board 2 SwRI Project No. 001 22532 01,002



The test assembly consisted of steel connection pieces designed as a slip and tighten hardware,
a CLT panel with slots to accommodate the steel self-reacting load frame assembly, beam and column.
The assembly components included a column that measured 16.5 x 16.5 in., and a beam that measured
24 in. in depth and 10.75 in. in width. Structural screws, as supplied by MyTiCon, were used to secure
the steel connection pieces to the column and beam. With the slip and tighten hardware secured to the
beam and to the column, an overhead crane was used to slip the beam hardware into the column
hardware and tighten the connection from an access groove in the column above the beam. This access
area was then insulated with mineral wool insulation. The connected beam and column was then placed
in the steel self-reacting frame and the CLT panel was lifted, set on the beam and fasten to the beam
with screws.

SwR1 designed and fabricated a steel self-reacting load frame that supported the base of the
column on one end inside the furnace and the beam on the other end outside of the furnace. The portion
of the load frame that was inside the furnace is insulated and water cooled to protect the load frame
from the heat exposure. The bending load was applied with a servo controlled hydraulic actuator
attached to the upper horizontal beam. A load cell and an MTS control system was used to control the
applied force during the test. A string potentiometer was used to measure the extension of the jack
during the test.

For application of the load a 5 < 6 * I-in. steel plate was positioned on the top of the CLT panel
and the load was applied to the steel plate. Assembly drawings, pictures, details of the test items and

self-reacting load frame can be found in Appendix A.
4.0 INSTRUMENTATION

The client provided test item thermocouple locations and drilled the holes in the wood members
for installation of Y%-in. Inconel sheathed Type K grounded junction thermocouples. When the
thermocouple locations were prepped, SwRI inserted the thermocouple in the drilled hole until it would
make contact with the wood or metal temperature measurement location. Nine additional thermocouples
were used to record and verify furnace conditions and specimen performance in regards to the ASTM
E119 test specification. Five were located on top of the CLT panel and four were probes located to
record furnace temperature. The probes were positioned 12 in. from the exposed face of the beam and
at the bottom of the beam elevation. A computer based data acquisition system was used to record the
applied load. displacement and temperature measurements. The test item thermocouple locations can

be found in Appendix B. Instrument calibration information can be found in Appendix C.

5.0 TEST RESULTS

Test Date: March 7, 2017
Test Witness: Mr. David Barber, representing Arup USA Inc.
Specimen ID: Specimen C: Megant 430 x 150 Connection

Softwood Lumber Board 3 SwRI Praject No 01.22332.01.002



Ambient Temperature: 78 °F

Relative Humidity: 34%

Observations: Refer to Table 2.

Rating Obtained: 91 min, based on when the test was terminated

Load: 20,000 1b applied to the steel plate on the CLT panel

Results: The acquired data for the test is located in Appendix D in graphical
form.  Photographic documentation of the test can be found in
Appendix E.

Deviation: The test was conducted in general accordance with ASTM E119 since
the test was not to evaluate heat transmission. The intent of the test was
to provide a rating of the integrity of the load bearing CLT panel
fastened to a beam to column connection when exposed to the fire
conditions stated in ASTM E119-16a, Standard Test Methods for Fire
Test of Building Construction and Materials.

Table 2. Fire Resistance Test Visual Observations.
T!.me Observation
(min:s)
Pre-test application of the 20,000 Ib,
0:00 Start of test, furnace ignited and data acquisition initiated, deflection measurement is
. zero before the start of the test.
2:10 Wood has ignited. ]
4:55 Furnace gas is controlled to idle; no visible activity.
20:00 | Deflection at 0.072 in.
30:00 | Deflection is creeping a small amount.
35:00 Deflection at 0.100 in.: no visible activity.
45:00 | Deflectionat 0.117 in.: no visible activity.
60:00 | Deflection at 0.145 in.; no visible activity.
70:00 Deflection at 0.165 in.; no visible activity.
80:00 | Deflection at 0.183 in.
90:00 | Deflection at 0.215 in.
91:00 | Test terminated.

6.0 POST TEST

After the tested assembly was removed from the furnace and steel reaction load frame. a

chainsaw was used to cut a cross section in the thinness area of the column and beam. Table 3 provides

the measurements of the locations and pictures can be found in Appendix D.

Table 3. Post Test Measurements.

Test Items Measurements
Beam original dimension 24.00 = 10.75 in.
Post Test Beam measurement, middle of the beam | No measurement % 5.25 in.
Column original dimension 16.50 % 16.50 in.
Post Test Column measurement No measurement x 1.5 in,

Softwood Lumber Board 4 SwRI Project Na. 01 22532.01 002



7.0 CONCLUSION
Based on the test results. the load bearing CLT panel fastened to a glulam beam to column
connection, constructed as described herein, obtained a 91-min fire endurance rating when tested in

general accordance with ASTM E119-16a.

Softwood Lumber Board
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Figure A-1. Unexposed Side of CLT Panel.

Figure A-2. Beam Steel Connection Piece. '
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Figure A-3. Column Steel Connection Piece.
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Flgnre A-6. Test Assembly [nstrumented and Placed Inside Furnace.
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Figure A-7. Load Application Instrumentation.
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Figure A-8. Client-Provided Drawing.
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Figure A-9. Load Frame and Furnace Rendering.
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Table B-1. Thermocouple Locations.

Thermocouple

Nomber Description
1 Located centrally at the connector.
2 Located centrally at the connector.

Located 16 in. from the beam connector (approx.).
3 Hole drilled in from top of beam, to a depth of 4 in.
Located | in. from right hand side of the beam.
Located 18 in. from the beam connector (approx.).
4 Hole drilled in from top of beam, to a depth of 4 in.
Located 2 in. from right hand side of the beam.
Located 16 in. from beam connector (approx.).

5 Hole drilled in from top of beam, to a depth of 4 in.
Located | in. from lefl hand side of the beam.
Located 18 in. from beam connector (approx.).

6 Hole drilled in from top of beam, to a depth of 4 in.
Located 2 in. from left hand side of the beam.
Located 2 ft 2 in. from CLT front edge.

7 Located 1 ft 9 in. from CLT side.

Hole drilled in from top of CLT. to a depth of 6 in.
Located 2 ft 2 in. from CLT front edge.

8 Located 1 ft 6in. from CL.T side.

Hole drilled in from top of CLT, to a depth of 5.5 in.
Located 2 ft 2 in. from CLT front edge.

9 Located 1 ft 3 in. from CLT side.

Hole drilled in from top of CLT, to a depth of 5 in.
Located 2 ft 2 in. from CLT front edge.

10 Located 1 ft from CLT side.

Hole drilled in from top of CLT. to a depth of 4.5 in.
11 Located centrally at the connector.
12 Located centrally at the connector.

Softwood Lumber Board B-1 SwRI Project No. 01.22532.01.002




Figure B-1. CLT Panel Orientation for Thermocouple Installation.
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Table C-1. Equipment Calibration Documentation,

Item Make Model Serial No. Cal Due

Data Acquisition Unit Yokogawa DU100-11 91R420032 May 20, 2017

Data Acquisition Unit Yokogawa DUI00-11 91R420030 May 19, 2017

Data Acquisition Unit Yokogawa DU100-11 12VB42119 May 19, 2017

Position Transducer Celesco SPD-25-3 1.2524245C January 12, 2018
Funace Pressure Setra 264 2708707 | September 11,2016
Transducer

Load Cell Strainsert SPHC-2X0O Q14372-14 July 26, 2017

Humidity/Temp Indicator Vaisala HM 34 W2420016 September 23. 2017
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Figure D-4. Test C: ASTM E119 TC Pad Temperatures.
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Figure D-6. Test C: Furnace Pressure.
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Flgure E-2. View of the Test Assembly at 30 min 6 s.
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Figure E-4. View of the Test Assembly at 1 h 30 min.
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Figure E-6. Post Test Picture of the Beam (Mislabeled B, Should be C).
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Figure E-7. Post Test Picture of the Steel Connection on Column (Mislabeled .B, Should be C).
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1.0 OBJECTIVE
The objective of the test described in this report was to determine the fire endurance rating of a

load bearing glulam beam to column connection, including a CLT panel. when exposed to the
lime/temperature conditions of ASTM E119-16a. Standard Test Methods for Fire Tests of Building
Construction and Materials with A 20,000-1b load applied to the assembly in a localized area. Testing
was conducted by Southwest Research Institute’s (SWRI) Fire Technology Department, located in San
Antonio, Texas, for Softwood Lumber Board. located in Washington, DC.

2.0 TEST METHOD

The ASTM EI19 test method is intended to evaluate the duration for which the assembly tested
will contain a fire, or retain its structural integrity, or display both properties dependent upon the type
of assembly involved. during a predetermined fire exposure time.

ASTM E119 measures the response of the assembly to exposure in terms of the transmission of
heat and hot gases through the assembly. This standard should be used to measure and describe the
properties of materials, products, or assemblies in response to heat and flame under controlled
laboratory conditions and should not be used to describe or appraise the fire hazard or fire risk of
materials, products, or assemblies under actual fire conditions. However, results of this test may be
used as elements of a fire risk assessment, which takes into account all the factors that are pertinent to
an assessment of the fire hazard of a particular end use.

This report describes the testing and analysis of the assembly tested and the results obtained.
The results presented in this report apply specifically to the material tested. in the manner tested, and
not to the entire production of these or similar materials, nor to the performance when used in
combination with other materials.

3.0 TEST ASSEMBLY DESCRIPTION AND STEEL SELF-REACTING LOAD FRAME

The column, beam, beam connections and CLT panel were prepared before shipping to SwRI.
SwRI assembled the test pieces the week of March 6, 2017. The material used in construction of the
assembly is described in table .

Table 1. Material Description.

Product Name/Description Supplier Provided Received On
By
CLT Deck Panel/5ply. Industrial | DR J‘ohnson, Riddle Client | February 21,2017
Grade Laminators

Glulam Beam Industrial Grade DR .Jolmson, Riddle Client February 21,2017
Laminators

Glulam Column Industrial Grade | DR .Johnson, Riddle Client | February 21,2017
Laminators

— —

?Dllble BI(‘OI‘I S VS 200 = 80 MyTiCon Client February 21,2017
Connection

Structural Screws MyTiCon Client February 21, 2017
Fire Stop Hilti, Inc. Client February 28, 2017

Softwood Lumber Board 2 SwRI Project No. U1.22532.01.003



The test assembly consisted of steel connection pieces designed as a double slip and lock
hardware, a CLT panel with slots to accommodate the steel self-reacting load frame assembly, beam
and column. The assembly components included a column that measured 16.5 = 16.5 in, and a beam
that measured 24 in. in depth and 10.75 in, in width. Structural screws, as supplied by My TiCon, were
used to secure the steel connection pieces fo the column and beam. With the double slip and lock
hardware secured to the beam and to the column, an overhead crane was used to slip the beam hardware
into the column hardware. The connected beam and column was then placed in the steel self-reacting
frame and the CLT panel was lifted, set on the beam and fasten to the beam with screws.

SwRI designed and fabricated a steel self-reacting load frame that supported the base of the
column on one end inside the furnace and the beam on the other end outside of the furnace. The portion
of the load frame that was inside the furnace is insulated and water cooled to protect the load frame
from the heat exposure. The bending load was applied with a servo controlled hydraulic actuator
attached to the upper horizontal beam, A load cell and an MTS control system was used to control the
applied force during the test. A string potentiometer was used to measure the extension of the jack
during the test.

For application of the load a 5 x 6 * |-in. steel plate was positioned on the top of the CLT panel
and the load was applied to the steel plate. Assembly drawings, pictures, details of the test items and
self-reacting load frame can be found in Appendix A.

4.0 INSTRUMENTATION

The Client provided test item thermocouple locations and drilled the holes in the wood members
for installation of Y&-in. Inconel sheathed Type K grounded junction thermocouples. When the
thermocouple locations were prepped, SwWRI inserted the thermocouple in the drilled hole until it would
make confact with the wood or metal temperature measurement location. Nine additional thermocouples
were used to record and verify furnace conditions and specimen performance in regards to the ASTM
E119 test specification. Five were located on top of the CLT panel and four were probes located to
record furnace temperature. The probes were positioned 12 in. from the exposed face of the beam and
at the bottom of the beam elevation. A computer based data acquisition system was used to record the
applied load, displacement and temperature measurements. The test item thermocouple locations can
be found in Appendix B. Instrument calibration information can be found in Appendix C.

5.0 TEST RESULTS

Test Date: March 9, 2017

Test Witness: Mr. David Barber, representing Arup USA Inc,
Specimen ID: Specimen B: Double Ricon S VS 200 % 80 Connection
Ambient Temperatures: 78 °F

Relative Humidity: 34%

Observations: Refer to Table 2.

Rating Obtained: 91 min, based on when the test was terminated

Sattwood Lumber Board 3 SwRI Project No. 01.22532.01 003



Load: 20,000 1b applied to the steel plate on the CLT panel

Results: The acquired data for the test is located in Appendix D in graphical
form.  Photographic documentation of the test can be found in
Appendix E.

Deviation: The test was conducted in general accordance with ASTM E119 since
the test was not 1o evaluate heat transmission. The intent of the test was
1o provide a rating of the integrity of the load bearing CLT panel
fastened to a beam to column connection when exposed to the fire
conditions stated in ASTM E119-16a, Standard Test Methods for Fire

Test of Building Construction And Materials.

Table 2. Fire Resistance Test Visual Observations.

Time )
o !
(Min:S) bservation
Pre-test application of the 20,000 Ib,
0:00 Start of test, furnace ignited and data acquisition initiated, deflection measurement is

zero before the start of the test,
1:20 Wood has ignited.

2:15 Furnace gas is controlled to idle.
10:00 | Resume furnace gas.

13:00 | Furnace gas is controlled to idle.
15:00 Deflection at 0.05 in.; resume furnace gas.
25:00 Deflection at 0.065 in.
30:00 | Furnace gas is controlled to idle.
40:00 Deflection at 0.092 in.
50:00 Deflection at 0.110 in.
60:00 Deflection at 0.130 in.

70:00 Deflection at 0.148 in.
80:00 Deflection at 0.170 in.
90:00 Deflection at 0.208 in.
91:00 Terminate the test.

6.0 POST TEST
After the tested assembly was removed from the furnace and steel reaction load frame, a

chainsaw was used to cut a cross section in the thinness area of the column and beam. Table 3 provides
the measurements of the locations and pictures can be found in Appendix D.

Table 3. Post Test Measurements.

Test Items Measurements
Beam original dimension 24 x 10.75 in.
Post Test Beam measurement, middle of the beam | No measurement x 6 in.
Column original dimension 16.50 x 16.50 in.
Post Test Column measurement No measurement x 11.5 in.

Softwood Lumber Board 4 SwRI Project No. 01.22532.01.003



7.0 CONCLUSION
Based on the test results, the load bearing CLT panel, fastened to a glulam beam to column
connection, constructed as described herein. obtained a 91-min fire endurance rating when tested in

general accordance with ASTM E119-16a.
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APPENDIX A
CONSTRUCTION PICTURES AND CLIENT-PROVIDED ASSEMBLY DRAWINGS

(CONSISTING OF 7 PAGES)
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Figure A-1. Unexposed Side of CLT Panel.

Softwood Lumber Board A-1 SWRI Project No. 01.22532 01 003



» 'Iﬂ

Figure A-4. Typical Beam and Column Connecliun.
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Figure A-6. Load Application Instrumentation.
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Figure A-10. Load Frame and Furnace Rendering.
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APPENDIX B
THERMOCOUPLE LOCATIONS

(CONSISTING OF 5 PAGES)
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Table B-1. Thermocouple Locations.

Thermocouple DescEintion
Number P
1 Located centrally at the connector.
2 Located centrally at the connector.

Located 16 in. from the beam connector (approx.).
3 [Hole drilled in from top of beam, to a depth of 4 in.
Located 1 in. from right hand side of the beam.

Located 18 in. from the beam connector (approx.).
4 Hole drilled in from top of beam, to a depth of 4 in.
Located 2 in. from right hand side of the beam.

Located 16 in. from beam connector (approx.).
5 Hole drilled in from top of beam. to a depth of 4 in.
Located | in. from left hand side of the beam.

Located 18 in. from beam connector (approx.).
6 Hole drilled in (rom top of beam, to a depth of 4 in.
Located 2 in. from left hand side of the beam.

Located 2 ft 2 in. from CLT front edge.

7 Located 1 ft 9 in. from CLT side.

Hole drilled in from top of CLT, to a depth of 67.
Located 2 ft 2 in. fram CLT front edge.

8 Located | ft 6 in. from CLT side.

Hole drilled in from top of CLT, to a depth of 5.5 in.
Located 2 ft 2 in. from CLT front edge.

9 Located | ft 3 in. from CLT side.

Hole drilled in from top of CLT. to a depth of 5 in.
Located 2 ft 2 in. from CLT front edge.

10 Located 1 ft from CLT side.

Hole drilled in from top of CLT. to a depth of 4.5 in.
i1 Located centrally at the connector.
12 Located centrally at the connector.

Softwood Lumber Board B-1 SWRI Project No, 01.22532.01 003




Figure B-1. CLT Panel Orientation for Thermocouple Installation.
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EQUIPMENT CALIBRATION DOCUMENTATION
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Table C-1. Equipment Calibration Documentation.

Item Make Model Serial No. Cal Due
Data Acquisition Unit Yokogawa DU100-11 91R420032 May 20, 2017
Data Acquisition Unit Yokogawa DUI00-11 91R420030 May 19,2017
Data Acquisition Unit Yokogawa DUI00-11 12VB42119 May 19,2017
Position Transducer Celesco SPD-25-3 L.2524245C January 12, 2018
3 s Fiieasire Setra 264 2708707 | September 11,2016
ransducer
Load Cell Strainsert SPHC-2X0O Q14372-14 July 26, 2017
Humidity/Temp Indicator Vaisala HM 34 W2420016 September 23, 2017

Softwood Lumber Board
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Client: Arup USA, Inc. ¥ -
SWRI Broject No- 01, 22597.01,003 Test B. Connector Temperatures
Filename: 17-068ARU003-3
Test Date: March 9. 2017
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Figure D-1. Test B: Connector TC Temperatures.

Chent Arup USA, Inc.
SwRI Project No.: 01.22532.01 003
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Test Date: March 9, 2017
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Figure D-2. Test B: Beam TC Temperatu res.
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Figure D-3. Test B: CLT TC Temperatures.
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Figure D-4. Test B: ASTM E119 TC Pad Temperatures,
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Client: Arup USA. Inc. .
SwRI Project Noy: 04.42532.01,003 Test B. Furnace Average
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Figure D-5. Test B: Furnace Probe Temperature Average.
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Figure D-6. Test B: Furnace Pressure.
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Figure D-7. Test B: Load Data.
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Figure D-8. Test B: Deflection Curve.
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APPENDIX E
PHOTOGRAPHIC DOCUMENTATION OF THE TEST AND POST TEST

(CONSISTING OF 5 PAGES)
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Figure E-2. View of Test Asscmly at 43 min.
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6. Base of Beam after Fire Exposure.

Figure E-
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Figure E-6. Post Test Picture of the Column.
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Figure E-7. Post Test Picture of the CLT Panel.
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