FPInnovations

Monotonic Quasi-static Testing of
CLT Connections (REVISED - Version 3)

Date: June 30, 2015

By: Jose Daniel Candelario, Jr. Eng., M.Sc.
Advanced Building Systems Department

( scc Accradited 1 CONFIDENTIAL

NORDIC EWP
9 Gare Windsor, Suite 504
1100, ave des Canadiens-de-Montréal

LAB Montréal, QC H3B 2S2

Accrédité CCN .,

(N

fpinnovations.ca




@@

FPInnovations

FPInnovations is a not-for-profit world leader that
specializes in the creation of scientific solutions in
support of the Canadian forest sector’s global
competitiveness and responds to the priority needs
of its industry members and government partners. It
is ideally positioned to perform research, innovate,
and deliver state-of-the-art solutions for every area
of the sector’s value chain, from forest operations to
consumer and industrial products. FPInnovations’
staff numbers more than 525. Its R&D laboratories
are located in Québec City, Ottawa, Montréal,
Thunder Bay, Edmonton and Vancouver, and it has
technology transfer offices across Canada. For
more information about FPInnovations, visit:

www.fpinnovations.ca.

Follow us on: H

CONFIDENTIALITY NOTICE

This report has been prepared solely for your use
and should not be quoted in whole or in part without
our written consent. No responsibility to any third
party is accepted as the report has not been
prepared for, and is not intended for, any other
purpose. The results presented relate only to the

specimens/material tested or calibrated.

PROJECT NO: 301009106 Task 12.2

Monotonic Quasi-static Testing of CLT Connections
(REVISED - Version 3)

ACKNOWLEDGEMENT

FPInnovations wishes to express its thanks to the
Canadian Forest Service (Natural Resources Canada) for
its financial contribution.

LABORATORY

FPInnovations
319 Franquet, Québec, QC G1P 4R4

CLIENT

Nordic EWP

Gare Windsor, off. 504

1100, avenue des Canadiens-de-Montreal
Montreal, QC H3B 2S2

Contact: Mrs. Julie Frappier

, andelario, Jr.“Eng., Project Leader
Advanced Building Systems Department
Telephone: 418-781-6713
josedaniel.candelario@fpinnovations.ca

Date: June 30, 2015

REVIEWER

Sylvain Gagnon, Eng., Associate Research Leader
Advanced Building Systems Department

REPORT AUTHOR/ZZED BY.

K arapiy Efg/, Manaser
Agrfaneéd Building Systems Departmient
Date: June 30, 2015

© 2015 FPInnovations. All rights reserved. Unauthorized copying or redistribution prohibited.

Disclosure for Commercial Application: If you require assistance to implement these research findings, please contact

FPInnovations at info@fpinnovations.ca.


http://www.fpinnovations.ca/
mailto:josedaniel.candelario@fpinnovations.ca
https://twitter.com/fpinnovations_f
https://www.facebook.com/fpinnovations

Monotonic Quasi-static Testing of CLT Connections (Revised — Version 3 CONFIDENTIAL

TABLE OF CONTENTS

LIST OF FIGURES .....ottiiiiiieeiiiitiie ittt e ettt e e e e e e ettt e e e e e e e e s sttt e et aeeeeeaaan s baees e e e aaeeeeaanssbbneeaaaeeeeaanns Vv
RS O T 1N = I 3 v
R |V 1 = (@ 1516 L@ I PR PRSPPI 1
2 OBUIECTIVE. .. 1
3 METHOD IDENTIFICATION ...ttt e e e e ettt e e e e e s st e e e e e e e e s st bbe e e e e e eaeaannnsbsneeeaaeeesaannnnrenes 1
4 DESCRIPTION OF SAMPLES AND SAMPLING METHOD........cccvtiiiiiiiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeaeaeae 1
5 TECHNICAL TEAM L..oiiiiiiiiiie e ettt e s sttt e e e e e e e e sttt e e e e e e e s s sttt e e eeaaeeeeaanssbbbeeaaaeeeeaannnneenes 3
6 DATES OF RECEPTION OF SAMPLES ......cooiiiiiiii ettt 4
7 DATES OF TESTING ..oiiiiiiiiieeiiiiiiiiiit et e e e e e s sttt e e e e e e e s st e e e aaeeaaaasssaaeeaaaaeeeaassssssaeaaaeeeesaannsnnnnes 4
B RESULT S .. 4

S A =S A =T {3 4

S T \Y (o To (=TS o = 1 11 ] P SSEPPPPURR 9
S O @ ]\ [0 I 1] [ ] OO PPESUPR 10
10 REFERENGCES ... .cottiiiiiiiii ittt ettt e e e e e e e e ettt e et e e e e e e e sttt et e aeeea e e s nssseeeaeaaeeeeaannstanenaeaens 11
APPENDIX | Pictures of Series C, Series VC, and SerieS VCPB .......coouiiiiiiiiieeieee e, 12

SERIES C — (Common Nails — NO adNeSIVE) ..........oouiiiiiii e e e aaaees 13

SERIES VC — (W00d SCreWs — PL PIemMIUM) ......uuuuuiiiiteiiiiieninueiiiiiennsssennesssssnssssssssssessensesseseeeennnnenne 15

SERIES VCPB — (Wo00d screws — PL Premium) ........ouuiiiiii it e e eeanees 17

FPInnovations — Contract No.301009106 — Task 12.2 iv



Monotonic Quasi-static Testing of CLT Connections (Revised — Version 3 CONFIDENTIAL

LIST OF FIGURES

Figure 1. (a) Front view of a typical assembly (b) Top view of a typical assembly ................cccovvvnnnnnn. 2
Figure 2. Specimen VC1 in place for teStNG .......oouuiuiiiiii i e e 3
Figure 3. Load-deformation curves for all specimens of Series C..........oouiiiiiiiiiiiiieiiiiiee e, 5
Figure 4. Load-deformation curves for all specimens of SerieS VC ...........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiineens 6
Figure 5. Load-deformation curves for all specimens of SerieS VCPB.............uuiiiiiiiiiiiiiiiiiiiiiiiiiiiinens 7
Figure 6. Load-deformation curves for all specimens classed by Series...........cccevvvviviiiiiieeeccveiiiiinnn. 8
Figure 7. Typical mode of failure for specimens of SErEeS C.......ccoeviiiiiiiiiiiiiiie e 9
Figure 8. Typical failure mode for specimens of SErieS VC ............uuuiiiiiiiiiiiiiiiiiiiiiiiiiiineneeeees 9
Figure 9. Shear through the plywood thickness observed for specimen VCPB 6.............ccccccvuvvnnnnes 10

LIST OF TABLES

Table 1 - Description of connection system for each assembly ............ooovvvviiiiiiiiiiiiiiiiiiiieeee 2
Table 2 - TESt rESUIS FOr SEIES € ...uuniiiiiieeeiee et e e e e e et a s e e e e e e e e ettt e e aeeeeeaenenes 5
Table 3 - TESt reSUIS fOr SEHES VC ..... ettt e e e e e e e e e e e e e ettt e e e e eaaeaanenes 6
Table 4 - Test reSults for SErES VCPB ... et e e e e e e et r e e e et e eeees 7

FPInnovations — Project N0.301009106 — Task 12.2 v



Monotonic Quasi-static Testing of CLT Connections (Revised — Version 3 CONFIDENTIAL

1 INTRODUCTION

This testing program was carried out by the Advanced Building Systems (ABS) Department of
FPInnovations in response to a request from Mrs. Julie Frappier from Nordic Engineered Wood for the
evaluation of the mechanical properties of three (3) different assemblies for attaching Cross Laminated
Timber (CLT) panels. Each of the assemblies consisted of six (6) specimens for a total of eighteen (18)
tests. All specimens were manufactured by Nordic Engineered Wood and delivered to FPInnovations’
laboratory in Québec City.

2 OBJECTIVE

The key objective was to evaluate the mechanical properties pertinent for the design of CLT panel
connections exposed to in-plane loading such as diaphragms or shear walls. The evaluation of the
ultimate loading capacity (P,;;) and the stiffness (K) of the connections are thus the main focus of this
study.

3 METHOD IDENTIFICATION

Testing procedures were performed in accordance with the principles of ASTM D 1761-12, Standard
Test Methods for Mechanical Fasteners in Wood.

4 DESCRIPTION OF SAMPLES AND SAMPLING METHOD

The test matrix consisted of three (3) series or assemblies each consisting of a 3-PLY CLT panel
(Nordic XLAM) with two additional CLT panels attached to each extremity as shown in Figure 1. Every
connection consisted of plywood panels at both faces attached with mechanical fasteners and two of
the assemblies combined the fasteners with adhesives. The dimensions of the CLT panels, plywood
panels, and fastener location were identical for every assembly (see Figure 1). The detailed description
of the mechanical fasteners and adhesives used in each of the three (3) assemblies are given in Table
1. In essence, Series C consists of nails only, Series VC consists of wood screws in combination with
PL Premium adhesive, and Series VCPB consists of wood screws in combination with Purbond HB181
adhesive. Each series consisted of six (6) specimens for a total of eighteen (18) specimens tested.

A manufacturing defect was noticed for Specimens C1 and VCPB 6. Both specimens were found to be
missing one of the mechanical fasteners out of the usual twenty-four.

Monotonic quasi-static tests were performed to determine the ultimate loading capacity (P,,), and the
slip modulus or stiffness (K) of the assembly provided (i.e., considering both shear planes). The total
length of one shear plane is 18” (457mm) as shown in Figure 1 a.
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Figure 1. (a) Front view of a typical assembly (b) Top view of a typical assembly

Table 1 - Description of connection system for each assembly

Mechanical Fastener

Series Name - Adhesive
Diameter Length
(mm) (mm)
C Common nail 3 76.2 none
VC Wood screw 3 57 PL Premium
VCPB Wood screw 3 57 Purbond HB181
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The loading apparatus used for Series C was a 100 kN capacity material testing system with a
spherical bearing block used to exert the compressive loading. A material testing system with a
capacity of 250 kN was used for Series VC and VCPB due to the higher anticipated strength of such
systems. A custom load transfer block was manufactured in order to ensure that the surface of the
spherical bearing block did not enter into contact with the plywood panels ensuring that the fastening
system is not indirectly loaded. Two (2) linear variable differential transformers (LVDTSs) were installed
on the CLTs at the extremes (static) and at opposite faces in order to measure the displacement with
respect to the central CLT (dynamic). Figure 2 shows a typical specimen ready for testing.

A loading rate of 2 mm/min was used for Series C and a loading rate of 0.5 mm/min was used for
Series VC and VCPB to ensure that the ultimate load is always reached within the range of 5 to 20 min
as per ASTM D 1761-12. This condition was successfully met for every specimen. A data acquisition
rate of 5Hz was used for all tests.

Figure 2. Specimen VC1 in place for testing

5 TECHNICAL TEAM

Jose Daniel Candelario, Jr. Eng., M.Sc. Scientist, Advanced Building Systems

Sylvain Gagnon, Eng. Associate Research Leader, Advanced Building Systems
Olivier Baés Principal Technologist, Advanced Building Systems
Anes Omeranovic Principal Technologist, Advanced Building Systems
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6 DATES OF RECEPTION OF SAMPLES

The specimens were received on the second week of January 2015 at FPInnovations’ laboratory in
Québec City.

7 DATES OF TESTING

Tests commenced on January 26, 2015 and were completed on January 28, 2015.

8 RESULTS

8.1 Test Results

The results for ultimate loading capacity (Py;), displacement at ultimate load (Apy:), and slip modulus
or stiffness (K), are presented in Tables 2, 3, and 4 for all specimens of Series C, VC, and VCPB
respectively. Statistical data for each of the three (3) series are also provided. The slip modulus (K) was
determined from the slope of the linear section of the load-slip curve between the points of 10% and
40% P,;;. The deformation at the ultimate load (AP, ) was also obtained from the load-slip curve for
each specimen.

It is important to note that all of the data presented in this report refers exclusively to the eighteen (18)
specimens included in this study. Furthermore, Py, refers to the load applied to the whole assembly
(i.e. total load from actuator).

The load-deformation graphs for each specimen are also presented in Figures 3, 4, and 5 for Series C,
VC, and VCPB respectively.
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Monotonic Quasi-static Testing of CLT Connections (Revised — Version 3 CONFIDENTIAL

Table 2 - Test results for Series C

SPECIMEN P, KN Apyie, MM K, KN/mm
C1 16.99 6.83 26.58
Cc2 24.72 30.06 6.16
C3 19.88 25.50 4.14
*C4 16.00 9.57 12.91
C5 22.64 32.85 6.33
C6 16.99 9.00 14.28
Min 16.00 6.83 414
Max 24.72 32.85 26.58

AVG 19.54 18.97 11.73
Std. dev. 3.52 11.77 8.32
CV% 18.04 62.07 70.92

*Manufacturing defect: one nail missing

30
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§ \\\\ ——C3
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0 T T T T
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Deformation, mm

Figure 3. Load-deformation curves for all specimens of Series C
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Table 3 - Test results for Series VC

SPECIMEN Py, KN Apyie, MM K, kN/mm

VC1 198.78 1.12 277.32

VC2 152.18 1.00 244.29

VC3 141.53 1.01 254.13

VC4 157.65 0.98 324.48

VC5 172.05 1.04 254.38

VC6 151.45 1.45 187.51

Min 141.53 0.98 187.51

Max 198.78 1.45 324.48

AVG 162.27 1.10 257.02

Std. dev. 20.49 0.18 44.66

CV% 12.63 16.05 17.38

250
200
= 150 A\ —ve1
= ——vC2
3
o 100 VC3
\ ——VC4
—VC5
50 - VC6
0 T T T T T T
0 0,5 1 1,5 2 2,5 3,5
Deformation, mm
Figure 4. Load-deformation curves for all specimens of Series VC
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Table 4 - Test results for Series VCPB

SPECIMEN = Py, kN Apae, mm K, KN/mm

VCPB1 238.84 0.37 888.01
VCPB2 198.99 0.59 483.23
VCPB3 144.11 0.81 359.65
VCPB4 189.39 0.76 457.21
VCPB5 236.43 0.52 596.32
*VCPB6 229.87 0.44 671.73
Min 144,11 0.37 359.65
Max 238.84 0.81 888.01
AVG 206.27 0.58 576.02
Std. dev. 36.69 0.17 187.86
CV% 17.79 30.01 32.61

*Manufacturing defect: one wood screw missing

250
200 /
_ 150 ——VCPB1
~ ——VCPB2
§ ——VCPB3
- 100 \ —— VCPB4
——VCPB5
———\VCPB6
0 T T T T T T

1 1,5 2 2,5 3 3,5 4
Deformation, mm

Figure 5. Load-deformation curves for all specimens of Series VCPB
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In order to facilitate the assessment of the relative performance of the three (3) assemblies, Figure 6
presents load-deformation curves for every specimen tested in this study superimposed into one graph.

It may be observed that Series VCPB (wood screws and Purbond) had the highest stiffness (K) and
ultimate loading capacity (Py;) out of the three (3) assemblies.

Series C (common nails and no adhesive) had a significantly lower P, and K; however it portrayed a
much more ductile behavior.

Series VC (wood screws and PL Premium) had a slightly lower Py, and K, however it had a
significantly smaller variation (smaller CV%) than Series VCPB.

300

Series C

Series VC ====- Series VCPB
250

200

Load, kN
[E=Y
u
o

mememmme Ty
S

50

0 5 10 15
Deformation, mm

20

Figure 6. Load-deformation curves for all specimens classed by Series
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8.2 Modes of Failure

The dominant failure mode of specimens from Series C was nail bending facilitated by pull through of
the nail head in the plywood panel and splitting of the CLT fiber as shown in Figure 7.

Figure 7. Typical mode of failure for specimens of Series C

The dominant mode of failure for specimens of Series VC was failure of the glue line at the first
lamination of the plywood panel as seen in Figure 8. This occurred at such an elevated load that
following the failure of the glue, the screws failed in shear with limited ductility. No significant bending or
pull-through of the screw heads was encountered.

Figure 8. Typical failure mode for specimens of Series VC

The dominant mode of failure for specimens of Series VCPB was failure of the glue line at the first
lamination of the plywood panel very similar to what was observed for Series VC. Interestingly,
Specimen VCPB6 portrayed a shear failure along the entire thickness of one of the plywood panels as
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shown in Figure 9. Photographs of the failure modes for every specimen tested are provided in the
Appendix .

Figure 9. Shear through the plywood thickness observed for specimen VCPB 6

9 CONCLUSION

A testing program consisting of three (3) different series of CLT assemblies consisting of six (6)
specimens each was performed at FPInnovations’ laboratory in Québec City. The objective of the study
was to observe the performance of three (3) different systems of connections for CLT panels (Nordic
XLAM) submitted to in-plane loading. Testing procedures (monotonic quasi-static) were performed in
accordance with the principles of ASTM D 1761-12 Standard Test Methods for Mechanical Fasteners in

Wood.

Based on the analyses and observations made during the course of this study, the following
conclusions can be made:

The ultimate load was achieved within a range of 5 to 15 minutes for every specimen tested as
specified by ASTM D 1761-12;

Assembly VCPB (Wood screws and Purbond) portrayed the better performance in terms of both
stiffness and ultimate loading capacity;

Assembly VC (Wood screws and PL Premium) portrayed slightly lower levels of performance in
comparison to VCPB, however a reduced variability was noticed;

Assembly C (common nails and no adhesive) portrayed an ultimate loading capacity nearly ten
times smaller than that of VC and VCPB, and a significantly smaller stiffness. However, the
failure was significantly ductile in comparison with the two others;

The failure mode for Assembly C was generally bending of the nails facilitated by pull through at
the plywood panels;

The failure mode for Assemblies VC and VCPB was generally a slip at the glue line of the first
lamination of the plywood followed by shear failure of the screws.
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APPENDIX |

Pictures of Series C, Series VC, and Series VCPB
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SERIES C — (Common nails — No adhesive)
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SERIES VC - (Wood screws — PL Premium)

FPInnovations — Project No. 301009106 — Task 12.2 Page 15 of 18



Monotonic Quasi-static Testing of CLT Connections (Revised — Version 3 CONFIDENTIAL

FPInnovations — Project No. 301009106 — Task 12.2 Page 16 of 18



Monotonic Quasi-static Testing of CLT Connections (Revised — Version 3 CONFIDENTIAL

SERIES VCPB - (Wood screws — PL Premium)
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