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LZL 1 2 3 4 5 6 7

RP 9.32 16.54 17.36 19.56 19.47 13.90 9.96 18.98
P1 34.56 29.88 24.33 34.40 34.81 27.53 22.53 35.67
P2 33.08 32.08 37.81 25.63 35.18 35.25 30.09 28.50
P3 65.25 72.21 77.84 74.11 72.80 66.36 68.41 73.74

LZL 1 2 3 4 5 6 7

RP 4.73
12.57

14.90 11.89 17.39 8.56 7.87 14.81

P1 16.92
12.44

11.19 13.27 13.40 11.26 8.60 16.93

P2 16.89
14.66

20.48 11.40 14.03 20.28 10.14 11.62

P3 22.86
28.06

29.86 31.57 25.15 30.00 24.63 27.12
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Bryan Lopez

(FSI) 30
(SDI) 140

FSI 28.0
SDI 137.6
FS * Ft * 54.4

% * 106.9
(Cubic Ft.) 44.07

(Ft.) 5.9
128

T/C (°F) 749
597

17
10
3 50
6 30
60+

:
0 – 9 ft.
9 – 24 ft. /
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B 26-75 0-450

C 76-200 0-450
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TEST REPORT FOR KAZU ARCHITECT OFFICE CO. LTD
Report No.: 104803219SAT-002
Date: February 14, 2022

This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek and its Client. 
Intertek's responsibility and liability are limited to the terms and conditions of the agreement. Intertek assumes no liability to any 
party, other than to the Client in accordance with the agreement, for any loss, expense or damage occasioned by the use of this 
report. Only the Client is authorized to permit copying or distribution of this report and then only in its entirety. Any use of the 
Intertek name or one of its marks for the sale or advertisement of the tested material, product or service must first be approved in 
writing by Intertek. The observations and test results in this report are relevant only to the sample(s) tested. This report by itself 
does not imply that the material, product, or service is or has ever been under an Intertek certification program.
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REPORT ISSUED TO
Kazu Architect Office Co. Ltd
1955-3 Nishihara Hirookatakaide
Shiojiri, Nagano
399-0703 Japan

SECTION 1
SCOPE

Intertek Building & Construction (B&C) was contracted by Kazu Architect Office Co. Ltd, 1955-3 
Nishihara Hirookatakaide, Shiojiri, Nagano 399-0703 Japan, to evaluate the flame spread and 
smoke developed properties of “Karamatsu/Fallen Pine”. Testing was conducted at the Intertek 
B&C test facility in Elmendorf, Texas.  Results obtained are tested values and were secured by
using the designated test method(s). A summary of test results and the complete graphical test
data is reported herein.

Unless differently required, Intertek reports apply the "Simple Acceptance" rule also called 
“Shared Risk approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of 
Conformity.

This report does not constitute performance certification of this product nor an opinion or 
endorsement by this laboratory.  Intertek B&C will service this report for the entire test record 
retention period. The test record retention period ends four years after the test date. Test 
records, such as detailed drawings, datasheets, representative samples of test specimens, or 
other pertinent project documentation, will be retained for the entire test record retention 
period.

For INTERTEK B&C:
COMPLETED 
BY: Bryan Lopez 

REVIEWED 
BY: Servando Romo

TITLE: Technician I TITLE:
Project Engineer

SIGNATURE: SIGNATURE:
DATE: February 14, 2022 DATE: February 14, 2022
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SECTION 2 
SUMMARY OF TEST RESULTS 
 
Specimen I.D.:  Karamatsu/Fallen Pine 
 
ASTM E84 Test Results 
FLAME SPREAD INDEX SMOKE DEVELOPED INDEX 
30 70 
*See Section 8 for additional information and commentary 
 
 
SECTION 3 
TEST METHOD 
 
The specimen was evaluated in accordance with the following: 
ASTM E84-21a

There were no deviations from the requirements prescribed in ASTM E84-21a.
 
 
SECTION 4 
MATERIAL SOURCE/INSTALLATION 
 
The test specimen was submitted to Intertek directly from the client.  Samples were not 
independently selected for testing.  Intertek has not verified the composition, manufacturing 
techniques or quality assurance procedures. The specimen, identified as “Karamatsu/Fallen 
Pine”, was received in good order at the Evaluation Center on February 2, 2022 and given 
identification number SAT2202021626-002. 

 
SECTION 5 
LIST OF OBSERVERS 
 
NAME COMPANY 
Bryan Lopez  Intertek B&C 
Mark Cantu  Intertek B&C  
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SECTION 6 
TEST PROCEDURE 
 
This report describes the results of testing conducted in accordance with ASTM E84-21a, 
Standard Test Method for Surface Burning Characteristics of Building Materials. The test method 
is for comparative surface burning behavior of building materials by determining a flame spread 
index (FSI) and a smoke developed index (SDI).  This test is generally applicable to exposed 
surfaces, such as finish materials for ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which it is tested and intended for use, 
is capable of supporting itself in position or being supported during the test period. 

ASTM E84-21a Sections 1.4 – 1.5

The purpose of the method is to determine the relative burning behaviour of the material by 
observing the flame spread along the specimen.  Flame spread and smoke developed index are 
reported.  However, there is not necessarily a relationship between these two measurements. 

It is the expressed intent of the test method to provide only comparative measurements of 
surface flame spread and smoke density of the tested material against measurements for select 
grade red oak flooring and fiber-cement board when tested under specific fire exposure 
conditions. The test method exposes a nominal 24-ft (7.32-m) long by 20-in. (508-mm) wide test 
specimen to a controlled air flow and flaming fire exposure adjusted to produce a specific flame 
spread distance vs time calibration using select grade red oak flooring.  

The test method does not provide information regarding heat transmission through the tested 
surface, the effect of aggravated flame spread behaviour resulting from the proximity of 
combustible walls and ceilings, or the classification or definition of materials as non-combustible 
using flame spread index alone. 
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SECTION 7 
TEST SPECIMEN DESCRIPTION
 
SPECIMEN I.D.* Karamatsu/Fallen Pine 
CONDITIONING TIME 5 days  
SPECIMEN LENGTH 24 ft. (4, 6-ft. long sections) 
SPECIMEN WIDTH 24 in. 
THICKNESS 0.6 in. (1.6 in. with back strap) 
TOTAL WEIGHT 91 lbs. 
SIDE TO FLAME* Flat side to flame  
SUPPORT USED* The sample was self-supported 
MOUNTING METHOD Standard 
SUBSTRATE USED* N/A 
CEMENT BOARD 1/4 in. thick fiber cement board was placed on top of the sample. 
*From the client's material description and/or instructions 
 
Note: Specimens were conditioned as per the requirements of Section 6.4 of ASTM E84-21a  
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SECTION 8 
TEST RESULTS 
  
TEST RESULTS 
Test Date February 7, 2022 
Test Operator Bryan Lopez 
Flame Spread Index (FSI) 30 
Smoke Developed Index (SDI) 70
  
TEST DATA 
FSI (unrounded) 29.4 
SDI (unrounded) 68.6 
FS * Time Area (Ft * Min) 57.2 
Smoke Area (% * Min) 53.3 
Total Fuel Burned (Cubic Ft.) 43.91 
Max Flame Front Advance (Ft.) 6.9 
Time to Max Flame Front (sec) 218 
Max Temp At Exposed T/C (°F) 735 
Time To Max Temp (sec) 598 
 
TEST OBSERVATIONS 
Ignition Time 0:31 Minutes: Seconds  
Discoloration 0:25 Minutes: Seconds  
Flaming Drops 3:04 Minutes: Seconds 
Floor Flames 3:05 Minutes: Seconds 
Afterflame 0:60+ Minutes: Seconds 
Observations After the Test:  
0 – 9 ft. Heavy Surface Char  
9 – 24 ft. Surface Char/Heat Damage 
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SECTION 8 (Continued) 
TEST RESULTS 
 
COMMENTARY ON CLASSIFICATION 
Neither ASTM E84 nor UL 723 include classification criteria for the results obtained from testing. 
The International Building Code® (IBC), NFPA 101: Life Safety Code® (NFPA 101), and NFPA 5000: 
Building Construction and Safety Code® (NFPA 5000) all describe a set of classification criteria 
required for interior wall and ceiling finish materials based on Flame Spread Index and Smoke 
Developed Index when tested in accordance with ASTM E84 or UL 723.  The classification criteria 
for all three model codes is the same: 

 
Class Flame Spread Index Smoke Developed Index 

A 0-25 0-450 

B 26-75 0-450 

C 76-200 0-450 

 
Note that classification under this scheme for interior wall and ceiling finishes does not strictly 
apply to all products or materials tested in accordance with ASTM E84 or UL 723 because not all 
products or materials are recommended or suitable for use as interior wall or ceiling finish 
materials in buildings, regardless of the surface burning characteristics.  Consult with the 
product manufacturer and the local authority having jurisdiction (AHJ) regarding specific 
applications of a given product or material. 
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SECTION 9 
PHOTOGRAPHS 
 

 
Photo No. 1 

Exposed Surface of the Test Specimen (Pre-test) 
 

 

 
Photo No. 2 

Unexposed Surface of the Test Specimen (Pre-test) 
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SECTION 9 
PHOTOGRAPHS (CONTINUED) 

 
Photo No. 3 

                                        Unexposed Surface of the Test Specimen (Post-test) 

 

 
Photo No. 4 

                                           Exposed Surface of the Test Specimen (Post-test) 
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SECTION 10 
GRAPHS 
 

 
Graph No. 1 - Flame Spread Distance Versus Time 

 

 
                                             Graph No. 2 – Light Obscuration Versus Time
 

 
                                       Graph No. 3 – Tunnel Air Temperature Versus Time 
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SECTION 11 
REVISION LOG 
 
REVISION # DATE PAGES REVISION 
0 February 14, 2022 N/A Original Report Issue 
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REPORT ISSUED TO
Kazu Architect Office Co. Ltd
1955-3 Nishihara Hirookatakaide
Shiojiri, Nagano
399-0703 Japan

SECTION 1
SCOPE

Intertek Building & Construction (B&C) was contracted by Kazu Architect Office Co. Ltd, 1955-3 
Nishihara Hirookatakaide, Shiojiri, Nagano 399-0703 Japan, to evaluate the flame spread and 
smoke developed properties of “Akamatsu/Red Pine”. Testing was conducted at the Intertek 
B&C test facility in Elmendorf, Texas.  Results obtained are tested values and were secured by
using the designated test method(s). A summary of test results and the complete graphical test
data is reported herein.

Unless differently required, Intertek reports apply the "Simple Acceptance" rule also called 
“Shared Risk approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of 
Conformity.

This report does not constitute performance certification of this product nor an opinion or 
endorsement by this laboratory.  Intertek B&C will service this report for the entire test record 
retention period. The test record retention period ends four years after the test date. Test 
records, such as detailed drawings, datasheets, representative samples of test specimens, or 
other pertinent project documentation, will be retained for the entire test record retention 
period.

For INTERTEK B&C:
COMPLETED 
BY: Bryan Lopez 

REVIEWED 
BY: Servando Romo

TITLE: Technician I TITLE:
Project Engineer

SIGNATURE: SIGNATURE:
DATE: February 14, 2022 DATE: February 18, 2022
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SECTION 2 
SUMMARY OF TEST RESULTS 
 
Specimen I.D.:  Akamatsu/Red Pine 
 
ASTM E84 Test Results 
FLAME SPREAD INDEX SMOKE DEVELOPED INDEX 
50 130 
*See Section 8 for additional information and commentary 
 
 
SECTION 3 
TEST METHOD 
 
The specimen was evaluated in accordance with the following: 
ASTM E84-21a

There were no deviations from the requirements prescribed in ASTM E84-21a.
 
 
SECTION 4 
MATERIAL SOURCE/INSTALLATION 
 
The test specimen was submitted to Intertek directly from the client.  Samples were not 
independently selected for testing.  Intertek has not verified the composition, manufacturing 
techniques or quality assurance procedures. The specimen, identified as “Akamatsu/Red Pine”, 
was received in good order at the Evaluation Center on February 2, 2022 and given identification 
number SAT2202021626-003. 

 
SECTION 5 
LIST OF OBSERVERS 
 
NAME COMPANY 
Bryan Lopez  Intertek B&C 
Mark Cantu  Intertek B&C  
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SECTION 6 
TEST PROCEDURE 
 
This report describes the results of testing conducted in accordance with ASTM E84-21a, 
Standard Test Method for Surface Burning Characteristics of Building Materials. The test method 
is for comparative surface burning behavior of building materials by determining a flame spread 
index (FSI) and a smoke developed index (SDI).  This test is generally applicable to exposed 
surfaces, such as finish materials for ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which it is tested and intended for use, 
is capable of supporting itself in position or being supported during the test period. 

ASTM E84-21a Sections 1.4 – 1.5

The purpose of the method is to determine the relative burning behaviour of the material by 
observing the flame spread along the specimen.  Flame spread and smoke developed index are 
reported.  However, there is not necessarily a relationship between these two measurements. 

It is the expressed intent of the test method to provide only comparative measurements of 
surface flame spread and smoke density of the tested material against measurements for select 
grade red oak flooring and fiber-cement board when tested under specific fire exposure 
conditions. The test method exposes a nominal 24-ft (7.32-m) long by 20-in. (508-mm) wide test 
specimen to a controlled air flow and flaming fire exposure adjusted to produce a specific flame 
spread distance vs time calibration using select grade red oak flooring.  

The test method does not provide information regarding heat transmission through the tested 
surface, the effect of aggravated flame spread behaviour resulting from the proximity of 
combustible walls and ceilings, or the classification or definition of materials as non-combustible 
using flame spread index alone. 
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SECTION 7 
TEST SPECIMEN DESCRIPTION
 
SPECIMEN I.D.* Akamatsu/Red Pine 
CONDITIONING TIME 5 days  
SPECIMEN LENGTH 24 ft. (4, 6-ft. long sections) 
SPECIMEN WIDTH 24 in. 
THICKNESS 0.6 in. (1.6 in. with back strap) 
TOTAL WEIGHT 85 lbs. 
SIDE TO FLAME* Flat side to flame  
SUPPORT USED* The sample was self-supported 
MOUNTING METHOD Standard 
SUBSTRATE USED* N/A 
CEMENT BOARD 1/4 in. thick fiber cement board was placed on top of the sample. 
*From the client's material description and/or instructions 
 
Note: Specimens were conditioned as per the requirements of Section 6.4 of ASTM E84-21a  
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SECTION 8 
TEST RESULTS 
  
TEST RESULTS 
Test Date February 7, 2022 
Test Operator Bryan Lopez 
Flame Spread Index (FSI) 50 
Smoke Developed Index (SDI) 130 
  
TEST DATA 
FSI (unrounded) 49.8 
SDI (unrounded) 128.3 
FS * Time Area (Ft * Min) 96.6 
Smoke Area (% * Min) 99.7 
Total Fuel Burned (Cubic Ft.) 43.65 
Max Flame Front Advance (Ft.) 19.4 
Time to Max Flame Front (sec) 490 
Max Temp At Exposed T/C (°F) 1146 
Time To Max Temp (sec) 546 
 
TEST OBSERVATIONS 
Ignition Time 0:39 Minutes: Seconds  
Discoloration 0:25 Minutes: Seconds  
Cracking 2:53 Minutes: Seconds 
Afterflame 0:60+ Minutes: Seconds 
Observations After the Test:  
0 – 5 ft. Burned Through  
5 – 6 ft. Heavy Surface Char 
6 – 18 ft. Surface Char 
18 – 24 ft. Discolored 
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SECTION 8 (Continued) 
TEST RESULTS 
 
COMMENTARY ON CLASSIFICATION 
Neither ASTM E84 nor UL 723 include classification criteria for the results obtained from testing. 
The International Building Code® (IBC), NFPA 101: Life Safety Code® (NFPA 101), and NFPA 5000: 
Building Construction and Safety Code® (NFPA 5000) all describe a set of classification criteria 
required for interior wall and ceiling finish materials based on Flame Spread Index and Smoke 
Developed Index when tested in accordance with ASTM E84 or UL 723.  The classification criteria 
for all three model codes is the same: 

 
Class Flame Spread Index Smoke Developed Index 

A 0-25 0-450 

B 26-75 0-450 

C 76-200 0-450 

 
Note that classification under this scheme for interior wall and ceiling finishes does not strictly 
apply to all products or materials tested in accordance with ASTM E84 or UL 723 because not all 
products or materials are recommended or suitable for use as interior wall or ceiling finish 
materials in buildings, regardless of the surface burning characteristics.  Consult with the 
product manufacturer and the local authority having jurisdiction (AHJ) regarding specific 
applications of a given product or material. 
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SECTION 9 
PHOTOGRAPHS 
 

 
Photo No. 1 

Exposed Surface of the Test Specimen (Pre-test) 
 

 

 
Photo No. 2 

Unexposed Surface of the Test Specimen (Pre-test) 
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SECTION 9 
PHOTOGRAPHS (CONTINUED) 

 
Photo No. 3 

                                        Unexposed Surface of the Test Specimen (Post-test) 

 

 
Photo No. 4 

                                           Exposed Surface of the Test Specimen (Post-test) 
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SECTION 10 
GRAPHS 
 

 
Graph No. 1 - Flame Spread Distance Versus Time 

 

 
                                             Graph No. 2 – Light Obscuration Versus Time
 

 
                                       Graph No. 3 – Tunnel Air Temperature Versus Time 
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SECTION 11 
REVISION LOG 
 
REVISION # DATE PAGES REVISION 
0 February 14, 2022 N/A Original Report Issue 
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ASTM E84-21a
(FSI) 

(SDI) 

-
ASTM E84-21a 1.4 - 1.5

2

24 (7.32m) 20 (508mm) 
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I.D.*
5 
24 ft. 4, 6-ft.
24 in.
0.6 in. 1.6 in.
85 lbs.

*
*

*
1/4 in.

*

: ASTM E84-21a 6.4
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8
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Bryan Lopez

(FSI) 50
(SDI) 130

FSI 49.8
SDI 128.3
FS * Ft * 96.6

% * 99.7
(Cubic Ft.) 43.65

(Ft.) 19.4
490

T/C (°F) 1146
546

39
25
2 53
60+

:
0 – 5 ft.
5 – 6 ft.
6 – 18 ft.
18 – 24 ft.
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writing by Intertek. The observations and test results in this report are relevant only to the sample(s) tested. This report by itself 
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REPORT ISSUED TO
Kazu Architect Office Co. Ltd
1955-3 Nishihara Hirookatakaide
Shiojiri, Nagano
399-0703 Japan

SECTION 1
SCOPE

Intertek Building & Construction (B&C) was contracted by Kazu Architect Office Co. Ltd, 1955-3 
Nishihara Hirookatakaide, Shiojiri, Nagano 399-0703 Japan, to evaluate the flame spread and 
smoke developed properties of “Hinoki/Japanese Cypress”. Testing was conducted at the 
Intertek B&C test facility in Elmendorf, Texas.  Results obtained are tested values and were 
secured by using the designated test method(s). A summary of test results and the complete 
graphical test data is reported herein.

Unless differently required, Intertek reports apply the "Simple Acceptance" rule also called 
“Shared Risk approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of 
Conformity.

This report does not constitute performance certification of this product nor an opinion or 
endorsement by this laboratory.  Intertek B&C will service this report for the entire test record 
retention period. The test record retention period ends four years after the test date. Test 
records, such as detailed drawings, datasheets, representative samples of test specimens, or 
other pertinent project documentation, will be retained for the entire test record retention 
period.

For INTERTEK B&C:
COMPLETED 
BY: Bryan Lopez 

REVIEWED 
BY: Servando Romo

TITLE: Technician I TITLE:
Project Engineer

SIGNATURE: SIGNATURE:
DATE: February 16, 2022 DATE: February 18, 2022

144



16015 Shady Falls 
Elmendorf, Texas 78112 

 
Telephone:    210-635-8100 

Facsimile:    210-635-8101 
www.intertek.com/building 

TEST REPORT FOR KAZU ARCHITECT OFFICE CO. LTD 
Report No.: 104803219SAT-004 
Date: February 16, 2022 
 

Version: 9/19/18 Page 3 of 11 RT-R-AMER-Test-2780 

SECTION 2 
SUMMARY OF TEST RESULTS 
 
Specimen I.D.:  Hinoki/Japanese Cypress 
 
ASTM E84 Test Results 
FLAME SPREAD INDEX SMOKE DEVELOPED INDEX 
35 105 
*See Section 8 for additional information and commentary 
 
 
SECTION 3 
TEST METHOD 
 
The specimen was evaluated in accordance with the following: 
ASTM E84-21a

There were no deviations from the requirements prescribed in ASTM E84-21a.
 
 
SECTION 4 
MATERIAL SOURCE/INSTALLATION 
 
The test specimen was submitted to Intertek directly from the client.  Samples were not 
independently selected for testing.  Intertek has not verified the composition, manufacturing 
techniques or quality assurance procedures. The specimen, identified as “Hinoki/Japanese 
Cypress”, was received in good order at the Evaluation Center on February 2, 2022 and given 
identification number SAT2202021626-004. 

 
SECTION 5 
LIST OF OBSERVERS 
 
NAME COMPANY 
Bryan Lopez  Intertek B&C 
Mark Cantu  Intertek B&C  
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SECTION 6 
TEST PROCEDURE 
 
This report describes the results of testing conducted in accordance with ASTM E84-21a, 
Standard Test Method for Surface Burning Characteristics of Building Materials. The test method 
is for comparative surface burning behavior of building materials by determining a flame spread 
index (FSI) and a smoke developed index (SDI).  This test is generally applicable to exposed 
surfaces, such as finish materials for ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which it is tested and intended for use, 
is capable of supporting itself in position or being supported during the test period. 

ASTM E84-21a Sections 1.4 – 1.5

The purpose of the method is to determine the relative burning behaviour of the material by 
observing the flame spread along the specimen.  Flame spread and smoke developed index are 
reported.  However, there is not necessarily a relationship between these two measurements. 

It is the expressed intent of the test method to provide only comparative measurements of 
surface flame spread and smoke density of the tested material against measurements for select 
grade red oak flooring and fiber-cement board when tested under specific fire exposure 
conditions. The test method exposes a nominal 24-ft (7.32-m) long by 20-in. (508-mm) wide test 
specimen to a controlled air flow and flaming fire exposure adjusted to produce a specific flame 
spread distance vs time calibration using select grade red oak flooring.  

The test method does not provide information regarding heat transmission through the tested 
surface, the effect of aggravated flame spread behaviour resulting from the proximity of 
combustible walls and ceilings, or the classification or definition of materials as non-combustible 
using flame spread index alone. 
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SECTION 7 
TEST SPECIMEN DESCRIPTION
 
SPECIMEN I.D.* Hinoki/Japanese Cypress 
CONDITIONING TIME 5 days  
SPECIMEN LENGTH 24 ft. (4, 6-ft. long sections) 
SPECIMEN WIDTH 24 in. 
THICKNESS 0.6 in. (1.6 in. with back strap) 
TOTAL WEIGHT 67 lbs. 
SIDE TO FLAME* Flat side to flame  
SUPPORT USED* The sample was self-supported 
MOUNTING METHOD Standard 
SUBSTRATE USED* N/A 
CEMENT BOARD 1/4 in. thick fiber cement board was placed on top of the sample. 
*From the client's material description and/or instructions 
 
Note: Specimens were conditioned as per the requirements of Section 6.4 of ASTM E84-21a  
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SECTION 8 
TEST RESULTS 
  
TEST RESULTS 
Test Date February 7, 2022 
Test Operator Bryan Lopez 
Flame Spread Index (FSI) 35 
Smoke Developed Index (SDI) 105 
  
TEST DATA 
FSI (unrounded) 33.0 
SDI (unrounded) 103.2 
FS * Time Area (Ft * Min) 64.0 
Smoke Area (% * Min) 80.2 
Total Fuel Burned (Cubic Ft.) 43.39 
Max Flame Front Advance (Ft.) 7.2 
Time to Max Flame Front (sec) 139 
Max Temp At Exposed T/C (°F) 668 
Time To Max Temp (sec) 598 
 
TEST OBSERVATIONS 
Ignition Time 0:26 Minutes: Seconds  
Discoloration 0:18 Minutes: Seconds  
Flaking 1:59 Minutes: Seconds 
Cracking 4:00 Minutes: Seconds 
Afterflame 0:60+ Minutes: Seconds 
Observations After the Test:  
0 – 12 ft. Heavy Surface Char 
12 – 24 ft. Discolored 
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SECTION 8 (Continued) 
TEST RESULTS 
 
COMMENTARY ON CLASSIFICATION 
Neither ASTM E84 nor UL 723 include classification criteria for the results obtained from testing. 
The International Building Code® (IBC), NFPA 101: Life Safety Code® (NFPA 101), and NFPA 5000: 
Building Construction and Safety Code® (NFPA 5000) all describe a set of classification criteria 
required for interior wall and ceiling finish materials based on Flame Spread Index and Smoke 
Developed Index when tested in accordance with ASTM E84 or UL 723.  The classification criteria 
for all three model codes is the same: 

 
Class Flame Spread Index Smoke Developed Index 

A 0-25 0-450 

B 26-75 0-450 

C 76-200 0-450 

 
Note that classification under this scheme for interior wall and ceiling finishes does not strictly 
apply to all products or materials tested in accordance with ASTM E84 or UL 723 because not all 
products or materials are recommended or suitable for use as interior wall or ceiling finish 
materials in buildings, regardless of the surface burning characteristics.  Consult with the 
product manufacturer and the local authority having jurisdiction (AHJ) regarding specific 
applications of a given product or material. 
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SECTION 9 
PHOTOGRAPHS 
 

 
Photo No. 1 

Exposed Surface of the Test Specimen (Pre-test) 
 

 

 
Photo No. 2 

Unexposed Surface of the Test Specimen (Pre-test) 
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SECTION 9 
PHOTOGRAPHS (CONTINUED) 

 
Photo No. 3 

                                        Unexposed Surface of the Test Specimen (Post-test) 

 

 
Photo No. 4 

                                           Exposed Surface of the Test Specimen (Post-test) 
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SECTION 10 
GRAPHS 
 

 
Graph No. 1 - Flame Spread Distance Versus Time 

 

 
                                             Graph No. 2 – Light Obscuration Versus Time
 

 
                                       Graph No. 3 – Tunnel Air Temperature Versus Time 
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SECTION 11 
REVISION LOG 
 
REVISION # DATE PAGES REVISION 
0 February 16, 2022 N/A Original Report Issue 
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8
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(SDI) 105
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(Cubic Ft.) 43.39
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party, other than to the Client in accordance with the agreement, for any loss, expense or damage occasioned by the use of this 
report. Only the Client is authorized to permit copying or distribution of this report and then only in its entirety. Any use of the 
Intertek name or one of its marks for the sale or advertisement of the tested material, product or service must first be approved in 
writing by Intertek. The observations and test results in this report are relevant only to the sample(s) tested. This report by itself 
does not imply that the material, product, or service is or has ever been under an Intertek certification program.

Version: 9/19/18 Page 2 of 11 RT-R-AMER-Test-2780

REPORT ISSUED TO
Kazu Architect Office Co. Ltd
1955-3 Nishihara Hirookatakaide
Shiojiri, Nagano
399-0703 Japan

SECTION 1
SCOPE

Intertek Building & Construction (B&C) was contracted by Kazu Architect Office Co. Ltd, 1955-3 
Nishihara Hirookatakaide, Shiojiri, Nagano 399-0703 Japan, to evaluate the flame spread and 
smoke developed properties of “Hinoki/Japanese Cypress”. Testing was conducted at the 
Intertek B&C test facility in Elmendorf, Texas.  Results obtained are tested values and were 
secured by using the designated test method(s). A summary of test results and the complete 
graphical test data is reported herein.

Unless differently required, Intertek reports apply the "Simple Acceptance" rule also called 
“Shared Risk approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of 
Conformity.

This report does not constitute performance certification of this product nor an opinion or 
endorsement by this laboratory.  Intertek B&C will service this report for the entire test record 
retention period. The test record retention period ends four years after the test date. Test 
records, such as detailed drawings, datasheets, representative samples of test specimens, or 
other pertinent project documentation, will be retained for the entire test record retention 
period.

For INTERTEK B&C:
COMPLETED 
BY: Bryan Lopez 

REVIEWED 
BY: Servando Romo

TITLE: Technician I TITLE:
Project Engineer

SIGNATURE: SIGNATURE:
DATE: February 16, 2022 DATE: February 18, 2022
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SECTION 2 
SUMMARY OF TEST RESULTS 
 
Specimen I.D.:  Hinoki/Japanese Cypress 
 
ASTM E84 Test Results 
FLAME SPREAD INDEX SMOKE DEVELOPED INDEX 
35 90 
*See Section 8 for additional information and commentary 
 
 
SECTION 3 
TEST METHOD 
 
The specimen was evaluated in accordance with the following: 
ASTM E84-21a

There were no deviations from the requirements prescribed in ASTM E84-21a.
 
 
SECTION 4 
MATERIAL SOURCE/INSTALLATION 
 
The test specimen was submitted to Intertek directly from the client.  Samples were not 
independently selected for testing.  Intertek has not verified the composition, manufacturing 
techniques or quality assurance procedures. The specimen, identified as “Hinoki/Japanese 
Cypress”, was received in good order at the Evaluation Center on February 2, 2022 and given 
identification number SAT2202021626-005. 

 
SECTION 5 
LIST OF OBSERVERS 
 
NAME COMPANY 
Bryan Lopez  Intertek B&C 
Mark Cantu  Intertek B&C  
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SECTION 6 
TEST PROCEDURE 
 
This report describes the results of testing conducted in accordance with ASTM E84-21a, 
Standard Test Method for Surface Burning Characteristics of Building Materials. The test method 
is for comparative surface burning behavior of building materials by determining a flame spread 
index (FSI) and a smoke developed index (SDI).  This test is generally applicable to exposed 
surfaces, such as finish materials for ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which it is tested and intended for use, 
is capable of supporting itself in position or being supported during the test period. 

ASTM E84-21a Sections 1.4 – 1.5

The purpose of the method is to determine the relative burning behaviour of the material by 
observing the flame spread along the specimen.  Flame spread and smoke developed index are 
reported.  However, there is not necessarily a relationship between these two measurements. 

It is the expressed intent of the test method to provide only comparative measurements of 
surface flame spread and smoke density of the tested material against measurements for select 
grade red oak flooring and fiber-cement board when tested under specific fire exposure 
conditions. The test method exposes a nominal 24-ft (7.32-m) long by 20-in. (508-mm) wide test 
specimen to a controlled air flow and flaming fire exposure adjusted to produce a specific flame 
spread distance vs time calibration using select grade red oak flooring.  

The test method does not provide information regarding heat transmission through the tested 
surface, the effect of aggravated flame spread behaviour resulting from the proximity of 
combustible walls and ceilings, or the classification or definition of materials as non-combustible 
using flame spread index alone. 
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SECTION 7 
TEST SPECIMEN DESCRIPTION
 
SPECIMEN I.D.* Hinoki/Japanese Cypress 
CONDITIONING TIME 5 days  
SPECIMEN LENGTH 24 ft. (4, 6-ft. long sections) 
SPECIMEN WIDTH 24 in. 
THICKNESS 2.4 in. (3.4 in. with back strap) 
TOTAL WEIGHT 237 lbs. 
SIDE TO FLAME* Flat side to flame  
SUPPORT USED* The sample was self-supported 
MOUNTING METHOD Standard 
SUBSTRATE USED* N/A 
CEMENT BOARD 1/4 in. thick fiber cement board was placed on top of the sample. 
*From the client's material description and/or instructions 
 
Note: Specimens were conditioned as per the requirements of Section 6.4 of ASTM E84-21a  
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SECTION 8 
TEST RESULTS 
  
TEST RESULTS 
Test Date February 7, 2022 
Test Operator Bryan Lopez 
Flame Spread Index (FSI) 35 
Smoke Developed Index (SDI) 90
  
TEST DATA 
FSI (unrounded) 34.1 
SDI (unrounded) 88.5 
FS * Time Area (Ft * Min) 66.2 
Smoke Area (% * Min) 68.8 
Total Fuel Burned (Cubic Ft.) 43.23 
Max Flame Front Advance (Ft.) 7.5 
Time to Max Flame Front (sec) 196 
Max Temp At Exposed T/C (°F) 708 
Time To Max Temp (sec) 577 
 
TEST OBSERVATIONS 
Ignition Time 0:26 Minutes: Seconds  
Discoloration 0:20 Minutes: Seconds  
Cracking 6:24 Minutes: Seconds 
Afterflame 0:52 Minutes: Seconds 
Observations After the Test:  
0 – 2 ft. Bleached 
2 – 9 ft. Heavy Surface Char 
9 – 24 ft. Discolored 
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SECTION 8 (Continued) 
TEST RESULTS 
 
COMMENTARY ON CLASSIFICATION 
Neither ASTM E84 nor UL 723 include classification criteria for the results obtained from testing. 
The International Building Code® (IBC), NFPA 101: Life Safety Code® (NFPA 101), and NFPA 5000: 
Building Construction and Safety Code® (NFPA 5000) all describe a set of classification criteria 
required for interior wall and ceiling finish materials based on Flame Spread Index and Smoke 
Developed Index when tested in accordance with ASTM E84 or UL 723.  The classification criteria 
for all three model codes is the same: 

 
Class Flame Spread Index Smoke Developed Index 

A 0-25 0-450 

B 26-75 0-450 

C 76-200 0-450 

 
Note that classification under this scheme for interior wall and ceiling finishes does not strictly 
apply to all products or materials tested in accordance with ASTM E84 or UL 723 because not all 
products or materials are recommended or suitable for use as interior wall or ceiling finish 
materials in buildings, regardless of the surface burning characteristics.  Consult with the 
product manufacturer and the local authority having jurisdiction (AHJ) regarding specific 
applications of a given product or material. 
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SECTION 9 
PHOTOGRAPHS 
 

 
Photo No. 1 

Exposed Surface of the Test Specimen (Pre-test) 
 

 

 
Photo No. 2 

Unexposed Surface of the Test Specimen (Pre-test) 
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SECTION 9 
PHOTOGRAPHS (CONTINUED) 

 
Photo No. 3 

                                        Unexposed Surface of the Test Specimen (Post-test) 

 

 
Photo No. 4 

                                           Exposed Surface of the Test Specimen (Post-test) 
                                        
                                                         
                                                                              
                                     

173



16015 Shady Falls 
Elmendorf, Texas 78112 

 
Telephone:    210-635-8100 

Facsimile:    210-635-8101 
www.intertek.com/building 

TEST REPORT FOR KAZU ARCHITECT OFFICE CO. LTD 
Report No.: 104803219SAT-005 
Date: February 16, 2022 
 

Version: 9/19/18 Page 10 of 11 RT-R-AMER-Test-2780 

SECTION 10 
GRAPHS 
 

 
Graph No. 1 - Flame Spread Distance Versus Time 

 

 
                                             Graph No. 2 – Light Obscuration Versus Time
 

 
                                       Graph No. 3 – Tunnel Air Temperature Versus Time 
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SECTION 11 
REVISION LOG 
 
REVISION # DATE PAGES REVISION 
0 February 16, 2022 N/A Original Report Issue 
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REPORT ISSUED TO
Kazu Architect Office Co. Ltd
1955-3 Nishihara Hirookatakaide
Shiojiri, Nagano
399-0703 Japan

SECTION 1
SCOPE

Intertek Building & Construction (B&C) was contracted by Kazu Architect Office Co. Ltd, 1955-3 
Nishihara Hirookatakaide, Shiojiri, Nagano 399-0703 Japan, to evaluate the flame spread and 
smoke developed properties of “Akamatsu/Red Pine”. Testing was conducted at the Intertek 
B&C test facility in Elmendorf, Texas.  Results obtained are tested values and were secured by
using the designated test method(s). A summary of test results and the complete graphical test
data is reported herein.

Unless differently required, Intertek reports apply the "Simple Acceptance" rule also called 
“Shared Risk approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of 
Conformity.

This report does not constitute performance certification of this product nor an opinion or 
endorsement by this laboratory.  Intertek B&C will service this report for the entire test record 
retention period. The test record retention period ends four years after the test date. Test 
records, such as detailed drawings, datasheets, representative samples of test specimens, or 
other pertinent project documentation, will be retained for the entire test record retention 
period.

For INTERTEK B&C:
COMPLETED 
BY: Bryan Lopez 

REVIEWED 
BY: Servando Romo

TITLE: Technician I TITLE:
Project Engineer

SIGNATURE: SIGNATURE:
DATE: February 16, 2022 DATE: February 18, 2022
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SECTION 2 
SUMMARY OF TEST RESULTS 
 
Specimen I.D.:  Akamatsu/Red Pine 
 
ASTM E84 Test Results 
FLAME SPREAD INDEX SMOKE DEVELOPED INDEX 
80 90 
*See Section 8 for additional information and commentary 
 
 
SECTION 3 
TEST METHOD 
 
The specimen was evaluated in accordance with the following: 
ASTM E84-21a

There were no deviations from the requirements prescribed in ASTM E84-21a.
 
 
SECTION 4 
MATERIAL SOURCE/INSTALLATION 
 
The test specimen was submitted to Intertek directly from the client.  Samples were not 
independently selected for testing.  Intertek has not verified the composition, manufacturing 
techniques or quality assurance procedures. The specimen, identified as “Akamatsu/Red Pine”, 
was received in good order at the Evaluation Center on February 2, 2022 and given identification 
number SAT2202021626-006. 

 
SECTION 5 
LIST OF OBSERVERS 
 
NAME COMPANY 
Bryan Lopez  Intertek B&C 
Mark Cantu  Intertek B&C  
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SECTION 6 
TEST PROCEDURE 
 
This report describes the results of testing conducted in accordance with ASTM E84-21a, 
Standard Test Method for Surface Burning Characteristics of Building Materials. The test method 
is for comparative surface burning behavior of building materials by determining a flame spread 
index (FSI) and a smoke developed index (SDI).  This test is generally applicable to exposed 
surfaces, such as finish materials for ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which it is tested and intended for use, 
is capable of supporting itself in position or being supported during the test period. 

ASTM E84-21a Sections 1.4 – 1.5

The purpose of the method is to determine the relative burning behaviour of the material by 
observing the flame spread along the specimen.  Flame spread and smoke developed index are 
reported.  However, there is not necessarily a relationship between these two measurements. 

It is the expressed intent of the test method to provide only comparative measurements of 
surface flame spread and smoke density of the tested material against measurements for select 
grade red oak flooring and fiber-cement board when tested under specific fire exposure 
conditions. The test method exposes a nominal 24-ft (7.32-m) long by 20-in. (508-mm) wide test 
specimen to a controlled air flow and flaming fire exposure adjusted to produce a specific flame 
spread distance vs time calibration using select grade red oak flooring.  

The test method does not provide information regarding heat transmission through the tested 
surface, the effect of aggravated flame spread behaviour resulting from the proximity of 
combustible walls and ceilings, or the classification or definition of materials as non-combustible 
using flame spread index alone. 
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SECTION 7 
TEST SPECIMEN DESCRIPTION
 
SPECIMEN I.D.* Akamatsu/Red Pine 
CONDITIONING TIME 5 days  
SPECIMEN LENGTH 24 ft. (4, 6-ft. long sections) 
SPECIMEN WIDTH 24 in. 
THICKNESS 2.4 in. (3.4 in. with back strap) 
TOTAL WEIGHT 296 lbs. 
SIDE TO FLAME* Flat side to flame  
SUPPORT USED* The sample was self-supported 
MOUNTING METHOD Standard 
SUBSTRATE USED* N/A 
CEMENT BOARD 1/4 in. thick fiber cement board was placed on top of the sample. 
*From the client's material description and/or instructions 
 
Note: Specimens were conditioned as per the requirements of Section 6.4 of ASTM E84-21a  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

191



16015 Shady Falls 
Elmendorf, Texas 78112 

 
Telephone:    210-635-8100 

Facsimile:    210-635-8101 
www.intertek.com/building 

TEST REPORT FOR KAZU ARCHITECT OFFICE CO. LTD 
Report No.: 104803219SAT-006 
Date: February 16, 2022 
 

Version: 9/19/18 Page 6 of 11 RT-R-AMER-Test-2780 

SECTION 8 
TEST RESULTS 
  
TEST RESULTS 
Test Date February 7, 2022 
Test Operator Bryan Lopez 
Flame Spread Index (FSI) 80 
Smoke Developed Index (SDI) 90
  
TEST DATA 
FSI (unrounded) 78.1 
SDI (unrounded) 89.4 
FS * Time Area (Ft * Min) 132.3 
Smoke Area (% * Min) 69.5 
Total Fuel Burned (Cubic Ft.) 43.12 
Max Flame Front Advance (Ft.) 19.5 
Time to Max Flame Front (sec) 343 
Max Temp At Exposed T/C (°F) 1237 
Time To Max Temp (sec) 600 
 
TEST OBSERVATIONS 
Ignition Time 0:41 Minutes: Seconds  
Discoloration 0:25 Minutes: Seconds  
Afterflame 0:60+ Minutes: Seconds 
Observations After the Test:  
0 – 20 ft. Surface Char 
20 – 24 ft. Discolored 
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SECTION 8 (Continued) 
TEST RESULTS 
 
COMMENTARY ON CLASSIFICATION 
Neither ASTM E84 nor UL 723 include classification criteria for the results obtained from testing. 
The International Building Code® (IBC), NFPA 101: Life Safety Code® (NFPA 101), and NFPA 5000: 
Building Construction and Safety Code® (NFPA 5000) all describe a set of classification criteria 
required for interior wall and ceiling finish materials based on Flame Spread Index and Smoke 
Developed Index when tested in accordance with ASTM E84 or UL 723.  The classification criteria 
for all three model codes is the same: 

 
Class Flame Spread Index Smoke Developed Index 

A 0-25 0-450 

B 26-75 0-450 

C 76-200 0-450 

 
Note that classification under this scheme for interior wall and ceiling finishes does not strictly 
apply to all products or materials tested in accordance with ASTM E84 or UL 723 because not all 
products or materials are recommended or suitable for use as interior wall or ceiling finish 
materials in buildings, regardless of the surface burning characteristics.  Consult with the 
product manufacturer and the local authority having jurisdiction (AHJ) regarding specific 
applications of a given product or material. 
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SECTION 9 
PHOTOGRAPHS 
 

 
Photo No. 1 

Exposed Surface of the Test Specimen (Pre-test) 
 

 

 
Photo No. 2 

Unexposed Surface of the Test Specimen (Pre-test) 
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SECTION 9 
PHOTOGRAPHS (CONTINUED) 

 
Photo No. 3 

                                        Unexposed Surface of the Test Specimen (Post-test) 

 

 
Photo No. 4 

                                           Exposed Surface of the Test Specimen (Post-test) 
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SECTION 10 
GRAPHS 
 

 
Graph No. 1 - Flame Spread Distance Versus Time 

 

 
                                             Graph No. 2 – Light Obscuration Versus Time
 

 
                                       Graph No. 3 – Tunnel Air Temperature Versus Time 
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SECTION 11 
REVISION LOG 
 
REVISION # DATE PAGES REVISION 
0 February 16, 2022 N/A Original Report Issue 
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I.D.*
5 
24 ft. 4, 6-ft.
24 in.
2.4 in. 3.4 in.
296 lbs.

*
*

*
1/4 in.

*

: ASTM E84-21a 6.4
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REPORT ISSUED TO
Kazu Architect Office Co. Ltd
1955-3 Nishihara Hirookatakaide
Shiojiri, Nagano
399-0703 Japan

SECTION 1
SCOPE

Intertek Building & Construction (B&C) was contracted by Kazu Architect Office Co. Ltd, 1955-3 
Nishihara Hirookatakaide, Shiojiri, Nagano 399-0703 Japan, to evaluate the flame spread and 
smoke developed properties of “Sugi/Cedar”. Testing was conducted at the Intertek B&C test 
facility in Elmendorf, Texas.  Results obtained are tested values and were secured by using the 
designated test method(s).  A summary of test results and the complete graphical test data is
reported herein.

Unless differently required, Intertek reports apply the "Simple Acceptance" rule also called 
“Shared Risk approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of 
Conformity.

This report does not constitute performance certification of this product nor an opinion or 
endorsement by this laboratory.  Intertek B&C will service this report for the entire test record 
retention period. The test record retention period ends four years after the test date. Test 
records, such as detailed drawings, datasheets, representative samples of test specimens, or 
other pertinent project documentation, will be retained for the entire test record retention 
period.

For INTERTEK B&C:
COMPLETED 
BY: Bryan Lopez 

REVIEWED 
BY: Servando Romo

TITLE: Technician I TITLE:
Project Engineer

SIGNATURE: SIGNATURE:
DATE: February 16, 2022 DATE: February 18, 2022
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SECTION 2 
SUMMARY OF TEST RESULTS 
 
Specimen I.D.:  Sugi/Cedar 
 
ASTM E84 Test Results 
FLAME SPREAD INDEX SMOKE DEVELOPED INDEX 
25 50 
*See Section 8 for additional information and commentary 
 
 
SECTION 3 
TEST METHOD 
 
The specimen was evaluated in accordance with the following: 
ASTM E84-21a

There were no deviations from the requirements prescribed in ASTM E84-21a.
 
 
SECTION 4 
MATERIAL SOURCE/INSTALLATION 
 
The test specimen was submitted to Intertek directly from the client.  Samples were not 
independently selected for testing.  Intertek has not verified the composition, manufacturing 
techniques or quality assurance procedures. The specimen, identified as “Sugi/Cedar”, was 
received in good order at the Evaluation Center on February 2, 2022 and given identification 
number SAT2202021626-007. 

 
SECTION 5 
LIST OF OBSERVERS 
 
NAME COMPANY 
Bryan Lopez  Intertek B&C 
Mark Cantu  Intertek B&C  
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SECTION 6 
TEST PROCEDURE 
 
This report describes the results of testing conducted in accordance with ASTM E84-21a, 
Standard Test Method for Surface Burning Characteristics of Building Materials. The test method 
is for comparative surface burning behavior of building materials by determining a flame spread 
index (FSI) and a smoke developed index (SDI).  This test is generally applicable to exposed 
surfaces, such as finish materials for ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which it is tested and intended for use, 
is capable of supporting itself in position or being supported during the test period. 

ASTM E84-21a Sections 1.4 – 1.5

The purpose of the method is to determine the relative burning behaviour of the material by 
observing the flame spread along the specimen.  Flame spread and smoke developed index are 
reported.  However, there is not necessarily a relationship between these two measurements. 

It is the expressed intent of the test method to provide only comparative measurements of 
surface flame spread and smoke density of the tested material against measurements for select 
grade red oak flooring and fiber-cement board when tested under specific fire exposure 
conditions. The test method exposes a nominal 24-ft (7.32-m) long by 20-in. (508-mm) wide test 
specimen to a controlled air flow and flaming fire exposure adjusted to produce a specific flame 
spread distance vs time calibration using select grade red oak flooring.  

The test method does not provide information regarding heat transmission through the tested 
surface, the effect of aggravated flame spread behaviour resulting from the proximity of 
combustible walls and ceilings, or the classification or definition of materials as non-combustible 
using flame spread index alone. 
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SECTION 7 
TEST SPECIMEN DESCRIPTION
 
SPECIMEN I.D.* Sugi/Cedar 
CONDITIONING TIME 6 days  
SPECIMEN LENGTH 24 ft. (4, 6-ft. long sections) 
SPECIMEN WIDTH 24 in. 
THICKNESS 2.4 in. (3.4 in. with back strap) 
TOTAL WEIGHT 206 lbs. 
SIDE TO FLAME* Flat side to flame  
SUPPORT USED* The sample was self-supported 
MOUNTING METHOD Standard 
SUBSTRATE USED* N/A 
CEMENT BOARD 1/4 in. thick fiber cement board was placed on top of the sample. 
*From the client's material description and/or instructions 
 
Note: Specimens were conditioned as per the requirements of Section 6.4 of ASTM E84-21a  
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SECTION 8 
TEST RESULTS 
  
TEST RESULTS 
Test Date February 7, 2022 
Test Operator Bryan Lopez 
Flame Spread Index (FSI) 25 
Smoke Developed Index (SDI) 50
  
TEST DATA 
FSI (unrounded) 25.1 
SDI (unrounded) 49.4 
FS * Time Area (Ft * Min) 48.7 
Smoke Area (% * Min) 38.4 
Total Fuel Burned (Cubic Ft.) 44.31 
Max Flame Front Advance (Ft.) 5.3 
Time to Max Flame Front (sec) 167 
Max Temp At Exposed T/C (°F) 714 
Time To Max Temp (sec) 582 
 
TEST OBSERVATIONS 
Ignition Time 0:20 Minutes: Seconds  
Discoloration 0:13 Minutes: Seconds  
Flaking 3:28 Minutes: Seconds 
Afterflame 0:60+ Minutes: Seconds 
Observations After the Test:  
0 – 3 ft. Bleached  
3 – 10 ft. Surface Char 
10 – 24 ft. Discolored 
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SECTION 8 (Continued) 
TEST RESULTS 
 
COMMENTARY ON CLASSIFICATION 
Neither ASTM E84 nor UL 723 include classification criteria for the results obtained from testing. 
The International Building Code® (IBC), NFPA 101: Life Safety Code® (NFPA 101), and NFPA 5000: 
Building Construction and Safety Code® (NFPA 5000) all describe a set of classification criteria 
required for interior wall and ceiling finish materials based on Flame Spread Index and Smoke 
Developed Index when tested in accordance with ASTM E84 or UL 723.  The classification criteria 
for all three model codes is the same: 

 
Class Flame Spread Index Smoke Developed Index 

A 0-25 0-450 

B 26-75 0-450 

C 76-200 0-450 

 
Note that classification under this scheme for interior wall and ceiling finishes does not strictly 
apply to all products or materials tested in accordance with ASTM E84 or UL 723 because not all 
products or materials are recommended or suitable for use as interior wall or ceiling finish 
materials in buildings, regardless of the surface burning characteristics.  Consult with the 
product manufacturer and the local authority having jurisdiction (AHJ) regarding specific 
applications of a given product or material. 

 

 

 

 

 

 

 

 

 

 

215



16015 Shady Falls 
Elmendorf, Texas 78112 

 
Telephone:    210-635-8100 

Facsimile:    210-635-8101 
www.intertek.com/building 

TEST REPORT FOR KAZU ARCHITECT OFFICE CO. LTD 
Report No.: 104803219SAT-007 
Date: February 16, 2022 
 

Version: 9/19/18 Page 8 of 11 RT-R-AMER-Test-2780 

SECTION 9 
PHOTOGRAPHS 
 

 
Photo No. 1 

Exposed Surface of the Test Specimen (Pre-test) 
 

 

 
Photo No. 2 

Unexposed Surface of the Test Specimen (Pre-test) 
 

 

 

216



16015 Shady Falls 
Elmendorf, Texas 78112 

 
Telephone:    210-635-8100 

Facsimile:    210-635-8101 
www.intertek.com/building 

TEST REPORT FOR KAZU ARCHITECT OFFICE CO. LTD 
Report No.: 104803219SAT-007 
Date: February 16, 2022 
 

Version: 9/19/18 Page 9 of 11 RT-R-AMER-Test-2780 

SECTION 9 
PHOTOGRAPHS (CONTINUED) 

 
Photo No. 3 

                                        Unexposed Surface of the Test Specimen (Post-test) 

 

 
Photo No. 4 

                                           Exposed Surface of the Test Specimen (Post-test) 
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SECTION 10 
GRAPHS 
 

 
Graph No. 1 - Flame Spread Distance Versus Time 

 

 
                                             Graph No. 2 – Light Obscuration Versus Time
 

 
                                       Graph No. 3 – Tunnel Air Temperature Versus Time 
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SECTION 11 
REVISION LOG 
 
REVISION # DATE PAGES REVISION 
0 February 16, 2022 N/A Original Report Issue 
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REPORT ISSUED TO
Kazu Architect Office Co. Ltd
1955-3 Nishihara Hirookatakaide
Shiojiri, Nagano
399-0703 Japan

SECTION 1
SCOPE

Intertek Building & Construction (B&C) was contracted by Kazu Architect Office Co. Ltd, 1955-3 
Nishihara Hirookatakaide, Shiojiri, Nagano 399-0703 Japan, to evaluate the flame spread and 
smoke developed properties of “Karamatsu/Fallen Pine”. Testing was conducted at the Intertek 
B&C test facility in Elmendorf, Texas.  Results obtained are tested values and were secured by
using the designated test method(s). A summary of test results and the complete graphical test
data is reported herein.

Unless differently required, Intertek reports apply the "Simple Acceptance" rule also called 
“Shared Risk approach,” of ILAC-G8:09/2019, Guidelines on Decision Rules and Statements of 
Conformity.

This report does not constitute performance certification of this product nor an opinion or 
endorsement by this laboratory.  Intertek B&C will service this report for the entire test record 
retention period. The test record retention period ends four years after the test date. Test 
records, such as detailed drawings, datasheets, representative samples of test specimens, or 
other pertinent project documentation, will be retained for the entire test record retention 
period.

For INTERTEK B&C:
COMPLETED 
BY: Bryan Lopez 

REVIEWED 
BY: Servando Romo

TITLE: Technician I TITLE:
Project Engineer

SIGNATURE: SIGNATURE:
DATE: February 16, 2022 DATE: February 18, 2022
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SECTION 2 
SUMMARY OF TEST RESULTS 
 
Specimen I.D.:  Karamatsu/Fallen Pine 
 
ASTM E84 Test Results 
FLAME SPREAD INDEX SMOKE DEVELOPED INDEX 
30 35 
*See Section 8 for additional information and commentary 
 
 
SECTION 3 
TEST METHOD 
 
The specimen was evaluated in accordance with the following: 
ASTM E84-21a

There were no deviations from the requirements prescribed in ASTM E84-21a.
 
 
SECTION 4 
MATERIAL SOURCE/INSTALLATION 
 
The test specimen was submitted to Intertek directly from the client.  Samples were not 
independently selected for testing.  Intertek has not verified the composition, manufacturing 
techniques or quality assurance procedures. The specimen, identified as “Karamatsu/Fallen 
Pine”, was received in good order at the Evaluation Center on February 2, 2022 and given 
identification number SAT2202021626-008. 

 
SECTION 5 
LIST OF OBSERVERS 
 
NAME COMPANY 
Bryan Lopez  Intertek B&C 
Mark Cantu  Intertek B&C  
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SECTION 6 
TEST PROCEDURE 
 
This report describes the results of testing conducted in accordance with ASTM E84-21a, 
Standard Test Method for Surface Burning Characteristics of Building Materials. The test method 
is for comparative surface burning behavior of building materials by determining a flame spread 
index (FSI) and a smoke developed index (SDI).  This test is generally applicable to exposed 
surfaces, such as finish materials for ceilings or walls, provided that the material or assembly of 
materials, by its own structural quality or the manner in which it is tested and intended for use, 
is capable of supporting itself in position or being supported during the test period. 

ASTM E84-21a Sections 1.4 – 1.5

The purpose of the method is to determine the relative burning behaviour of the material by 
observing the flame spread along the specimen.  Flame spread and smoke developed index are 
reported.  However, there is not necessarily a relationship between these two measurements. 

It is the expressed intent of the test method to provide only comparative measurements of 
surface flame spread and smoke density of the tested material against measurements for select 
grade red oak flooring and fiber-cement board when tested under specific fire exposure 
conditions. The test method exposes a nominal 24-ft (7.32-m) long by 20-in. (508-mm) wide test 
specimen to a controlled air flow and flaming fire exposure adjusted to produce a specific flame 
spread distance vs time calibration using select grade red oak flooring.  

The test method does not provide information regarding heat transmission through the tested 
surface, the effect of aggravated flame spread behaviour resulting from the proximity of 
combustible walls and ceilings, or the classification or definition of materials as non-combustible 
using flame spread index alone. 
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SECTION 7 
TEST SPECIMEN DESCRIPTION
 
SPECIMEN I.D.* Karamatsu/Fallen Pine 
CONDITIONING TIME 6 days  
SPECIMEN LENGTH 24 ft. (4, 6-ft. long sections) 
SPECIMEN WIDTH 24 in. 
THICKNESS 2.4 in. (3.4 in. with back strap) 
TOTAL WEIGHT 324 lbs. 
SIDE TO FLAME* Flat side to flame  
SUPPORT USED* The sample was self-supported 
MOUNTING METHOD Standard 
SUBSTRATE USED* N/A 
CEMENT BOARD 1/4 in. thick fiber cement board was placed on top of the sample. 
*From the client's material description and/or instructions 
 
Note: Specimens were conditioned as per the requirements of Section 6.4 of ASTM E84-21a  
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SECTION 8 
TEST RESULTS 
  
TEST RESULTS 
Test Date February 7, 2022 
Test Operator Bryan Lopez 
Flame Spread Index (FSI) 30 
Smoke Developed Index (SDI) 35
  
TEST DATA 
FSI (unrounded) 31.6 
SDI (unrounded) 34.1 
FS * Time Area (Ft * Min) 61.4 
Smoke Area (% * Min) 26.5 
Total Fuel Burned (Cubic Ft.) 44.25 
Max Flame Front Advance (Ft.) 7.2 
Time to Max Flame Front (sec) 170 
Max Temp At Exposed T/C (°F) 712 
Time To Max Temp (sec) 561 
 
TEST OBSERVATIONS 
Ignition Time 0:27 Minutes: Seconds  
Discoloration 0:18 Minutes: Seconds  
Flaking 3:02 Minutes: Seconds 
Floor Flames 3:15 Minutes: Seconds 
Afterflame 0:60+ Minutes: Seconds 
Observations After the Test:  
0 – 2 ft. Bleached 
2 – 10 ft. Heavy Surface Char  
10 – 24 ft. Discoloration 
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SECTION 8 (Continued) 
TEST RESULTS 
 
COMMENTARY ON CLASSIFICATION 
Neither ASTM E84 nor UL 723 include classification criteria for the results obtained from testing. 
The International Building Code® (IBC), NFPA 101: Life Safety Code® (NFPA 101), and NFPA 5000: 
Building Construction and Safety Code® (NFPA 5000) all describe a set of classification criteria 
required for interior wall and ceiling finish materials based on Flame Spread Index and Smoke 
Developed Index when tested in accordance with ASTM E84 or UL 723.  The classification criteria 
for all three model codes is the same: 

 
Class Flame Spread Index Smoke Developed Index 

A 0-25 0-450 

B 26-75 0-450 

C 76-200 0-450 

 
Note that classification under this scheme for interior wall and ceiling finishes does not strictly 
apply to all products or materials tested in accordance with ASTM E84 or UL 723 because not all 
products or materials are recommended or suitable for use as interior wall or ceiling finish 
materials in buildings, regardless of the surface burning characteristics.  Consult with the 
product manufacturer and the local authority having jurisdiction (AHJ) regarding specific 
applications of a given product or material. 
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SECTION 9 
PHOTOGRAPHS 
 

 
Photo No. 1 

Exposed Surface of the Test Specimen (Pre-test) 
 

 

 
Photo No. 2 

Unexposed Surface of the Test Specimen (Pre-test) 
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SECTION 9 
PHOTOGRAPHS (CONTINUED) 

 
Photo No. 3 

                                        Unexposed Surface of the Test Specimen (Post-test) 

 

 
Photo No. 4 

                                           Exposed Surface of the Test Specimen (Post-test) 
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SECTION 10 
GRAPHS 
 

 
Graph No. 1 - Flame Spread Distance Versus Time 

 

 
                                             Graph No. 2 – Light Obscuration Versus Time
 

 
                                       Graph No. 3 – Tunnel Air Temperature Versus Time 
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SECTION 11 
REVISION LOG 
 
REVISION # DATE PAGES REVISION 
0 February 16, 2022 N/A Original Report Issue 
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EXECUTIVE SUMMARY

JAS graded Japanese Sugi Timber (Cryptomeria japonica) were tested in accordance with 
North American testing standards to obtain their grade characteristics and structural 
properties. The specimens were sampled by the client and there were three size groups: 
140×140, 190×190, and 190×235 (nominal width × nominal depth in mm). All the 
specimens had the same length of 3.95 m. All the testing and physical measurements on 
the full size timber were conducted on specimens in the as-received condition. 

The static bending test was conducted in accordance with the third-point loading method 
of ASTM D198-21a. The span/depth ratio was 18:1 for 140×140 and 190×190, and 15.6:1 
for 190×235. The Maximum Strength Reduction Characteristic was measured before 
testing and the Failure Characteristic was measured after testing. The load and deflection 
of the member were recorded to calculate the Modulus of Elasticity (MOE) and Modulus 
of Rupture (MOR). Moisture blocks and small clear specimens were cut from the tested 
specimens. The small clear tests were conducted in accordance with ASTM D143-21 after 
the specimens reached equilibrium at 20°C and 65% relative humidity.  

The average moisture content for 140×140 and 190×235 was between 11-14%. The 
average moisture content for 190×190 was 18.9%. And out of the 120 specimens in 
190×190, 35 had a moisture content above 20%. The comparison of the density
measurements at production and the density measurements at testing showed that there was 
little moisture change from production to testing, and the high moisture content already 
existed at production. 

The MOE and MOR obtained from static bending test were adjusted to 15% moisture 
content. The MOR of 190×235 was also adjusted to 18:1 span/depth ratio based on Weibull 
stress volume theory. After adjustments, the average MOEapp was in the range of 7.23-8.48 
GPa, and the non-parametric 5th percentile MOEapp was in the range of 5.32-6.10 GPa. The 
average MOR was 30.4-38.1 MPa, while the non-parametric 5th percentile MOR was 20.6-
27.3 MPa. For both MOE and MOR, the 190×235 group was significantly lower than the 
other two groups.  

In the small clear tests, the average shear strength parallel to grain was 5.65 MPa with a 
coefficient of variation of 16%.The average compressive strength at the proportional limit 
was 2.94 MPa and the average compressive strength at 2.5 mm deformation was 5.09 MPa. 

Reported by:       Reviewed by:   

____________________    __________________          ____________________ 

Chao (Tom) Zhang         George Lee           Frank C.F. Lam, Ph.D., P. Eng. 
Research Engineer             Wood Engineering Scientist     Professor
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1 INTRODUCTION 

Three size groups of JAS graded Japanese Sugi Timber (Cryptomeria japonica) were tested 
in accordance with North American testing standards to obtain their grade characteristics 
and structural properties. The tests included static bending test, small clear bending test, 
small clear shear parallel to grain test, and small clear compression perpendicular to grain 
test.  

2 MATERIAL AND METHODS  

The specimens were sampled by the client and there were three size groups as shown in 
Table 1: 140×140, 190×190, and 190×235. All the specimens had the same length of 3.95 
m. The client also labelled each specimen with a unique number in each size group, and 
this number was used in the following measurements and analysis. All the testing and 
physical measurements on the full size timber were conducted on the specimens in the as-
received condition.  

Before the static bending test, the following information was collected:  

1. Record the specimen number marked at the end of each specimen; 
2. Measure the number of growth rings along a 76 mm (3 in) line according to 

Para.350c of Standard Grading Rules for Canadian Lumber (NLGA, 2017); 
3. Measure the width and depth of every specimen at three locations along its length 

(center and two ends) to the nearest 0.01 mm; measure its length to the nearest 10 
mm; 

4. Identify and record the Maximum Strength Reduction Characteristic (MSRC) of 
each specimen; the coding followed the coding system shown in Appendix A; a 
photo of MSRC was taken for each piece; 

5. Measure the acoustic speed in the timber using HITMAN HM200, as an non-
destructive estimate of the Modulus of Elasticity (see Appendix B for details);  

6. Measure the overall weight of each piece (in kg).  

Table 1 Test parameters for the static bending test of timber 

Nominal width (mm) 140 190 190 
Nominal depth (mm) 140 190 235 
Code in the report 140×140 190×190 190×235 
Number of specimens 120 120 120 
Total length (m) 3.95 3.95 3.95 
Test span (mm) 2520 3420 3666 
Span/depth ratio 18:1 18:1 15.6:1 
Loading rate (mm/min) 10 15 12 
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The static bending test was conducted on the MTS Flextest GT Structure Test System in 
accordance with the third-point loading method of ASTM D198-21a. The test setup is 
shown in Figure 1. The load was applied equally on two points located at one third of the 
span from the reactions. The deflection of the midspan relative to the supports on the 
neutral axis was measured to calculate the apparent Modulus of Elasticity (MOEapp); the 
deflection of the midspan relative to the loading points on the neutral axis was measured 
to calculate the shear-free Modulus of Elasticity (MOEsf). The time, load, transducer 
readings, and loading head displacement were recorded by a data acquisition system with 
a sampling rate of 4 Hz. The loading rate was set to be 10-15 mm/min for different size 
groups, so that the majority of specimens failed within 4-10 min of testing. The specimen 
was loaded until the load dropped below 70% of the peak. Once the bending test was 
completed, the failure was identified and recorded according to the coding system shown 
in Appendix A. A photo of the failure section was also taken. 

Figure 1 Static bending test setup

The apparent Modulus of Elasticity MOEapp was calculated as:=                                                      (1)

where 
P: increment of applied load below proportional limit (kN);
l: span of beam (mm); 

: increment of deflection measured at midspan over distance l (mm);
b: width of beam (mm); 
d: depth of beam (mm)
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The shear-free Modulus of Elasticity MOEsf was calculated as: =                                                      (2) 

where  
lb: increment of deflection measured at midspan over the shear free span (mm) 

The Modulus of Rupture (MOR) was calculated as:  =                                                      (3) 

where 
Pmax: maximum load borne by the bending member (kN) 

A section of 300 mm (12 in) was cut off at the end of each specimen within 24 hours after 
testing. Then a moisture block (50 mm thick) free of defects was cut from the section. The 
weight and dimensions of the moisture block were recorded right away. The moisture 
blocks were oven-dried to determine the moisture content and specific gravity. The 
moisture content was measured in accordance with Method A of ASTM D4442 – 20, and 
specific gravity in accordance with Method A of ASTM D2395 – 17. The density at testing, 
specific gravity based on oven dried volume, and moisture content were calculated by 
Equations (4) to (6).  =  (4) 

=  (5) 

=  (6) 

where 

t = density at testing, kg/m3, 
S0 = oven-dry specific gravity, 
mt = mass of specimen at testing, g, 
Vt = volume of specimen at testing, mm3, 
m0 = oven-dry mass of the specimen, g, 
V0 = oven-dry volume of the specimen, mm3,  
k1 = 106, constant to covert g/mm3 to kg/m3,  
k2 = 103 mm3/g when mass is in g and volume is in mm3, and  
MC = moisture content. 
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For every third piece, a section of 1.0 m (40 in) in length was cut and then machined to 
defect free pieces with a cross section of 50 mm × 50 mm (2 in × 2 in). If the third piece 
contained too many defects the next piece was selected if possible. They were cut into 
small clear specimens and then conditioned in a constant climate room (20°C, 65% relative 
humidity). After the moisture content reached equilibrium, small clear tests were conducted 
in accordance with ASTM D143-21: Section 8 on static bending, Section 12 on 
compression perpendicular to grain, and Section 14 on shear parallel to grain. The 
specimens were inspected before testing to exclude any specimen with drying checks or 
other defects. The tests were conducted on MTS 810 Testing System, as shown in Figure 
2. 

a) shear parallel to grain; b) compression perpendicular to grain; c) static bending

Figure 2 Small clear test setup

a) b)

c)
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The static bending test was center-point loading with a loading speed of 2.5 mm/min and 
a test span of 711 mm (28 in). The nominal specimen size was 50 mm × 50 mm × 760 mm 
(2 in × 2 in × 30 in). The actual width and depth of each specimen were measured before 
testing. The deflection of the center relative to the supports on the neutral axis was 
measured by a transducer. The compression perpendicular to grain test had a nominal 
specimen size of 50 mm × 50 mm × 150 mm (2 in × 2 in × 6 in). The actual width, depth, 
length, and weight were measured before testing. The loading speed was 0.305 mm/min 
(0.012 in/min). The loading was applied until the deformation measured by the transducer 
exceeded 2.5 mm (0.1 in). The compressive strength was calculated by the load at 2.5 mm 
(0.1 in) deformation and at the proportional limit. For static bending and compressive tests, 
a moisture block of 40 mm (1.5 in) was cut from the tested specimens to determine the 
moisture content and specific gravity in accordance with ATSM D4442-20 and ASTM 
D2395-17. The shear parallel to grain test had a specimen size of 50 mm × 50 mm × 63 
mm (2 in × 2 in × 2.5 in) with a shear surface of 50 mm × 50 mm (2 in × 2 in). The loading 
speed was 0.6 mm/min (0.025 in/min). The width and depth of the shear surface as well as 
the weight of each specimen were measured before testing. One part of tested specimen 
was oven dried to measure the moisture content in accordance with ATSM D4442-20.  

3 RESULTS AND DISCUSSIONS 

3.1 Moisture content and specific gravity 

The moisture content and specific gravity results are shown in Tables 2 and 4. The specific 
gravity was based on oven dried weight and oven dried volume. The number of specimens 
in different moisture content ranges are shown in Table 3. The average moisture content 
for 140×140 was 11.7%, and one third of the specimens had a moisture content below 10%. 
The average moisture content for 190×190 was 18.9%, and almost half of the specimens 
had a moisture content above 15%, while about a third of the specimens had a moisture 
content above 20%. The average moisture content 190×235 was 13.4% and the majority 
was within 10-15%. The average density at testing for 190×190 was much higher than the 
other two groups: 410 kg/m3 compared to 387 kg/m3 and 370 kg/m3. The average specific 
gravity also showed a similar trend, but the difference between the size groups was smaller.  

Table 2 Moisture content results 

MC 140×140 190×190 190×235 
Average 11.7% 18.9% 13.4% 
Stdev 4.2% 11.1% 2.4% 
CV 36% 59% 18% 
Max 40.6% 72.4% 27.4% 
Min 8.0% 8.2% 9.0% 
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Table 3 Number of specimens in different MC ranges 

MC 140×140 190×190 190×235 
<10% 43 7 2 

(10%, 15%) 69 59 93 
(15%, 20%) 4 19 21 

>20% 4 35 2 
/ / / / 

Table 4 Specific gravity (oven dried) and density at testing 

 
Specific gravity t (kg/m3) 

140×140 190×190 190×235 140×140 190×190 190×235 
Average 0.354 0.360 0.337 387 410 370 
Stdev 0.030 0.031 0.033 32 50 37 
CV 8.5% 8.5% 9.7% 8.3% 12.2% 10.0% 
Max 0.439 0.432 0.443 479 539 482 
Min 0.296 0.284 0.278 320 321 303 

In order to check whether there was any significant change of moisture content during the 
period from production to testing, the overall density measured at production (based on the 
overall weight provided by the client and nominal size) and the overall density measured 
at testing (based on measured weight and size) are compared in Figure 3.  

 
Figure 3 Overall density at production and at testing 
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It indicates that the moisture content change was not significant with the exception of a 
few specimens. The >500 kg/m3 range was dominated by 190×190 specimens, and this 
phenomenon was found in both density at production and density at testing. The overall 
density at production is also plotted against specific gravity (dried weight and dried 
volume) in Figure 4. At the same range of specific gravity, at least a third of the 190×190 
specimens were above the general trend found in the other two groups, showing that the 
high density in 190×190 was not due to denser fibers but due to moisture in the wood. The 
high moisture content of certain specimens already existed at production. 

 
Figure 4 Overall density at production and specific gravity  

3.2 Static bending test 

The summary statistics for apparent MOE (MOEapp), shear-free MOE (MOEsf), and 
Modulus of Rupture (MOR) are shown in Tables 5-7. Under testing condition, the average 
MOEapp was in the range of 7.41-8.52 GPa, and the difference between MOEapp and MOEsf 
was within 2%. The average MOR was in the range of 32.0-38.0 MPa. The strength and 
stiffness of the 190×235 specimens were at least 10% lower on average when compared to 
the other two groups. The Coefficient of Variation (CV) was between 15% and 21%. The 
the results of non-destructive estimates of MOE can be found in Appendix B.  
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Table 5 Apparent MOE results  

 
As tested (GPa) Adjusted to 15% MC (GPa) 

140×140 190×190 190×235 140×140 190×190 190×235 
Average 8.52 8.31 7.41 8.12 8.48 7.23 
Stdev 1.26 1.40 1.31 1.24 1.49 1.32 
CV 15% 17% 18% 15% 18% 18% 
Max 12.41 11.23 11.81 11.80 12.42 11.10 
Min 5.70 4.55 4.79 5.46 4.55 4.77 
5th PCT* 6.32 5.98 5.45 6.10 5.76 5.32 
*: non-parametric 5th percentile 

Table 6 Shear-free MOE results 

 
As tested (GPa) Adjusted to 15% MC (GPa) 

140×140 140×140 140×140 140×140 190×190 190×235 
Average 8.56 8.56 8.56 8.15 8.33 7.33 
Stdev 1.28 1.28 1.28 1.24 1.51 1.55 
CV 15% 15% 15% 15% 18% 21% 
Max 12.47 12.47 12.47 11.77 12.59 11.76 
Min 5.61 5.61 5.61 5.31 4.57 3.21 
5th PCT* 6.65 6.65 6.65 6.18 5.54 5.06 
*: non-parametric 5th percentile 

Table 7 MOR results 

 
As tested (GPa) Adjusted to 15% MC (GPa) 

140×140 190×190 190×235 140×140 190×190 190×235 
Average 38.0 36.7 32.0 35.8 38.1 31.2 
Stdev 8.1 7.1 6.0 7.8 7.7 5.7 
CV 21% 19% 19% 22% 20% 18% 
Max 59.8 65.0 56.6 64.8 74.0 51.0 
Min 22.1 25.5 17.1 21.7 25.4 17.0 
5th PCT* 25.9 27.7 21.4 24.9 27.3 21.2 
*: non-parametric 5th percentile 

The MOE and MOR were adjusted to 15% moisture content in accordance with A1 of 
ASTM D1990-19. For specimens with MC>23%, the adjustment factor was the same as 
the case when MC=23%; for specimens with MC<10%, the adjustment factor was the same 
as the case when MC=10%. The adjustment was applied on every test specimen, and the 
results after MC adjustment are shown in Tables 5-7. For 140×140, the average MOE and 
MOR decreased by about 5% compared to the unadjusted values, while the decrease was 
less than 3% for 190×235. The MC adjustment led to 2-4% increase of MOE and MOR on 
average for 190×190.  
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The span/depth ratio for 190×235 specimens was 15.6:1 due to the limit of specimen 
length. This ratio was smaller than the span/depth ratio of 18:1 used for the other two cells. 
For comparison, the MOR of 190×235specimens obtained under 15:6:1 span/depth ratio 
was converted to MOR under 18:1 span/depth ratio according to Weibull stress volume 
method.  

The total probability of failure of a beam follows: = 1 exp ( , , ), ,   

                                                  (7) ( , , ) was the stress distribution. Constant k was the shape parameter and m was the 
scale parameter of Weibull distribution. Assuming the total probability of failure in the two 
loading configurations was the same,  =                                      (8) 
Then  ( , , ), ,  = ( , , ), ,   

                                                  (9) 

Based on the moment diagram and stress distribution, the relationship between MOR under 
15.6:1 span/depth ratio and MOR under 18:1 span/depth ratio was  

. = . /
                            (10) 

The detail of developing the conversion factor can be found in Appendix C.  

Under Weibull distribution, the MOR data of 190×235 had a shape parameter k of 5.30. 
The ratios of MOR18:1/MOR15.6:1 was 0.97. This factor was applied to the MOR of every 
specimen in 190×235 (after MC adjustment), and the results are shown in Table 8. As the 
conversion factor indicated, the MOR was reduced by 3% when adjusted to 18:1 
span/depth ratio.  

Table 8 MOR of 191×235 adjusted to 18:1 span/depth ratio 

Span/depth ratio Tested 15.6:1 18:1 
Average 31.2 30.4 
Stdev 5.7 5.6 
CV 18% 18% 
Max 51.0 49.6 
Min 17.0 16.6 
5th PCT* 21.2 20.6 
*: non-parametric 5th percentile 
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Figure 5 Apparent MOE results after MC adjustments 

 
Figure 6 MOR results after MC and span/depth ratio adjustments 
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The MOE and MOR results after the above adjustments are shown in Figures 5-6. The 
average MOE of 190×235 was 10-15% lower compared to the other two groups. Similar 
trend was found in the non-parametric 5th percentile MOE. The difference of MOE between 
140×140 and 190×190 was about 5% on average. For MOR, the 190×235 group remained 
to be the lowest amongst the three. The average MOR of 190×235 was at 85% of the 
average of 140×140, and 80% of the average of 190×190. The difference of the non-
parametric 5th percentile MOR was even greater.  

3.3 Small clear test 

The small clear tests have not been completed at the time of reporting, therefore only the 
results obtained so far are presented here. The results for the shear parallel to grain and 
compression perpendicular to grain tests are shown in Table 9 (not including the MC and 
specific gravity results for compression test). There were 114 specimens tested for shear 
parallel to grain and 106 specimens tested for compression perpendicular to grain. The 
average shear strength parallel to grain was 5.65 MPa with a CV of 16%. The compressive 
strength perpendicular to grain was calculated based on two loads: one at the proportional 
limit and one at 2.5 mm deformation. The average compressive strength at the proportional 
limit was 2.94 MPa and the average compressive strength at 2.5 mm deformation was 5.09 
MPa. The CV of the compressive strength was between 25-31%.  

Table 9 Small clear test results (not complete) 

Type of 
test 

Shear parallel to grain Compression perpendicular to grain 
Shear strength 

(MPa) MC At 2.5 mm At proportional 
limit 

Average 5.65 12% 5.09 2.94 
Stdev 0.88 1% 1.29 0.90 
CV 16% 10% 25% 31% 
Max 8.60 15% 8.05 5.76 
Min 3.37 9% 2.79 1.13 
N 114 114 106 106 

4 CONCLUSIONS 

Three sizes of JAS graded Japanese Sugi Timber were tested to obtain their grade 
characteristics and structural properties. There were 120 replicates for each size group. The 
average moisture content for 140×140 and 190×235 was between 11-14%. The average 
moisture content for 190×190 was much higher, at 18.9%. And out of the 120 specimens 
in 190×190, 35 had a moisture content above 20%. The comparison of the density at 
production and density measured at testing showed that the high moisture content already 
existed at production.  
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The MOE and MOR obtained from static bending test were adjusted to 15% moisture 
content in accordance with ASTM D1990-19. The MOR of 190×235 was also adjusted to 
18:1 span/depth ratio based on Weibull stress volume theory. After adjustments, the 
average MOEapp was in the range of 7.23-8.48 GPa, and the average MOR was in the range 
of 30.4-38.1 MPa. The non-parametric 5th percentile MOEapp and MOR were in the range 
of 5.32-6.10 GPa and 20.6-27.3 MPa, respectively. For both MOE and MOR, the 190×235 
group was significantly lower than the other two groups.  

In the small clear tests, the average shear strength parallel to grain was 5.65 MPa with a 
CV of 16%.The average compressive strength at the proportional limit was 2.94 MPa and 
the average compressive strength at 2.5 mm deformation was 5.09 MPa.  
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Appendix A Defect and Failure Coding System 

The following defect and failure coding system was developed based on Forintek knot and 
failure code (Roy Abbott, 1993) and X1 of ASTM D4761-19 Standard Test Methods for 
Mechanical Properties of Lumber and Wood-Based Structural Materials.  

Table A- 1 Defect and failure descriptions 

Code Defect/Cause of failure Record 
24 Slope of grain (wide face) Actual slope 
26 Cross grain (narrow face) Actual slope 
27 Shake and checks Length 
50 Longitudinal shear N/A 
58 Knot See Figure A-1  
60 Clear wood or small defects N/A 

 

 
Figure A- 1 Coding of Class 10 knots 
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Appendix B Non-destructive estimate of MOE 

The acoustic speed recorded by the HITMAN unit was converted to a dynamic MOE by 
the following equation:  

2vMOED  

Where:  

is the overall density, calculated by the overall weight and dimensions measured 
before the static bending test, in kg/m3; 

v  is the acoustic speed measured by the HITMAN unit, in km/s 

The relationship between the dynamic MOE and bending MOEapp is shown in Figure B-1. 
The parameters for a linear regression on each size groups are shown in Table B-1. Based 
on  = 0.9971 ×  

For about 50% of the specimens, the measured MOEapp was within the ±5% band of the 
predicted MOEapp; for about 83% of the specimens, the measured MOEapp was within the 
±10% band of the predicted MOEapp; for over 95% of the specimens, the measured MOEapp 
was within the ±15% band of the predicted MOEapp.  

Table B-1 Regression parameters for bending MOEapp and dynamic MOE 

Intercept=0 140×140 190×190 190×235 All 
Slope 0.9954 1.0164 0.9770 0.9971 

R2 0.7794 0.8132 0.8279 0.8220 
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Figure B-1 Relationship between bending MOEapp and dynamic MOE 

 
Figure B-2 Measured MOEapp compared to predicted MOEapp  
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Appendix C Load configuration conversion for 190×235 

The total probability of failure of a beam follows: = 1 exp ( , , ), ,   

                                                  (C-1) ( , , ) was the stress distribution. Constant k was the shape parameter and m was the 
scale parameter of Weibull distribution. Assuming the total probability of failure in the two 
loading configurations was the same,  =                                      (C-2) 
Then  ( , , ), ,  = ( , , ), ,   

                                                  (C-3) 

Assume: 

Length of the span: = 3  

Depth of specimen: =  

Since the loading is third-point loading,  

For 0 , 0  ( , , ) =  

                                                  (C-4) 
For 1.5 , 0  ( , , ) =  

                                                  (C-5) 

For 0 , 0  1 = 1 1 1 × ( + 1) × ( )  

= × ( ) ×  

                                                  (C-6) 
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For 1.5 , 0  1. = 1 1 × + 1 × 0.5  

= × × 0.5  

                                                  (C-7) 

Since the stress distribution is symmetric over the length and over the depth, the  ( , , ), ,  = 1 × ( + 1)2 × + 1 × + 1 × 0.5× 2 = 2 × × × ( ) + ( )                                                  (C-8) 

For the 18:1 span/depth ratio, , = 6 

For the 15.6:1 span/depth ratio, , = 5.2 

Based on Eq. C-3 and treat m, d, h as constant,  ( ) × = ( ) ×  
                                                 (C-9) 

 = / = 5.26 /
 

                                                 (C-10) 

 

 

THE END 
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                                                     (1)

403



                                                     (2) 

                                                     (3) 

404



1

405



MC  140×140 190×190 190×235 
Average  11.7% 18.9% 13.4% 
Stdev  4.2% 11.1% 2.4% 
CV  36% 59% 18% 
Max  40.6% 72.4% 27.4% 
Min  8.0% 8.2% 9.0% 

406



MC  140×140 190×190 190×235 
<10% 43 7 2 

(10%, 15%) 69 59 93 
(15%, 20%) 4 19 21 

>20% 4 35 2 
/ / / / 

 
Specific gravity  t (kg/m3)  

140×140 190×190 190×235 140×140 190×190 190×235 
Average  0.354 0.360 0.337 387 410 370 
Stdev  0.030 0.031 0.033 32 50 37 
CV  8.5% 8.5% 9.7% 8.3% 12.2% 10.0% 
Max  0.439 0.432 0.443 479 539 482 
Min  0.296 0.284 0.278 320 321 303 

407



408



As tested (GPa) Adjusted to 15% MC (GPa)

140×140 190×190 190×235 140×140 190×190 190×235
Average 8.52 8.31 7.41 8.12 8.48 7.23
Stdev 1.26 1.40 1.31 1.24 1.49 1.32
CV 15% 17% 18% 15% 18% 18%
Max 12.41 11.23 11.81 11.80 12.42 11.10

409



Min  5.70 4.55 4.79 5.46 4.55 4.77 
5th PCT*

 
6.32 5.98 5.45 6.10 5.76 5.32 

*: non-parametric 5th percentile 

 
As tested (GPa) Adjusted to 15% MC (GPa) 

140×140 140×140 140×140 140×140 190×190 190×235 
Average  8.56 8.56 8.56 8.15 8.33 7.33 
Stdev  1.28 1.28 1.28 1.24 1.51 1.55 
CV  15% 15% 15% 15% 18% 21% 
Max  12.47 12.47 12.47 11.77 12.59 11.76 
Min  5.61 5.61 5.61 5.31 4.57 3.21 
5th PCT*

 
6.65 6.65 6.65 6.18 5.54 5.06 

*: non-parametric 5th percentile 

 
As tested (GPa) Adjusted to 15% MC (GPa) 

140×140 190×190 190×235 140×140 190×190 190×235 
Average  38.0 36.7 32.0 35.8 38.1 31.2 
Stdev  8.1 7.1 6.0 7.8 7.7 5.7 
CV  21% 19% 19% 22% 20% 18% 
Max  59.8 65.0 56.6 64.8 74.0 51.0 
Min  22.1 25.5 17.1 21.7 25.4 17.0 
5th PCT*

 
25.9 27.7 21.4 24.9 27.3 21.2 

*: non-parametric 5th percentile 

410



                                                  (7) 

                                     (8) 

  

                                                  (9) 

Span/depth ratio  Tested 15.6:1 18:1 
Average  31.2 30.4 
Stdev  5.7 5.6 
CV  18% 18% 
Max  51.0 49.6 
Min  17.0 16.6 
5th PCT*  21.2 20.6 
*: non-parametric 5th percentile  

411



412



Type of test 
 

Shear parallel to grain 

 

Compression perpendicular to grain 

 

Shear strength (MPa) 
 

MC 
At 2.5 mm 

 

At proportional limit 
 

Average  5.65 12% 5.09 2.94 
Stdev  0.88 1% 1.29 0.90 
CV  16% 10% 25% 31% 
Max  8.60 15% 8.05 5.76 
Min  3.37 9% 2.79 1.13 
N 114 114 106 106 
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414



Code Defect/Cause of failure Record

24 Slope of grain (wide face) Actual slope

26 Cross grain (narrow face) Actual slope

27 Shake and checks Length

50 Longitudinal shear N/A

58 Knot See Figure A-1 

60 Clear wood or small defects N/A

415



2vMOED

v

Intercept=0 140×140 190×190 190×235 All 
Slope 0.9954 1.0164 0.9770 0.9971 

R2 0.7794 0.8132 0.8279 0.8220 
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MOE MOEapp

MOEapp MOEapp
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3  
 
3.1  

3-1
6 1,129 341
30.2 2 3

341
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3-1   

    

 110 37 33.6 

 207 54 26.1 

 211 44 20.9 

 197 62 31.5 

 192 86 44.8 

 212 56 26.4 

  2  

 1,129 341 30.2 
 

3-2
50 58 6,000

1/3
3 10 10 3 3-3

 
3-2 213 50

3-4

 
 

3-2   
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244



3-3   

   

3  100 32.4 

10  98 31.7 

10  111 35.9 
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