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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

elect

The

desc
diffe
editd

rotechnical standardization.

Fent types of ISO documents should be noted. This document was drafted in acéorda
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ibed in the ISO/IEC Directives, Part 1. In particular the different approval criterianep

Htenance are

ded for the
ce with the

Attention is drawn to the possibility that some of the elements of this document may be the subject of

patel

any |
on th

Any
cons

For
expr
Worl
URL;
This

Any

it rights. ISO shall not be held responsible for identifying any or all su¢h-patent right
atent rights identified during the development of the document willbe in the Introdu
e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

in explanation on the voluntary nature of standards, the meaning of ISO specifig
pssions related to conformity assessment, as well ‘as’information about ISO's adhel
d Trade Organization (WTO) principles in the Techniical Barriers to Trade (TBT) see t
www.iso.org/iso/foreword.html.

document was prepared by Technical Commiittee ISO/TC 165, Timber structures.

feedback or questions on this documentshould be directed to the user’s national stand

complete listing of these bodies can be feund at www.iso.org/members.html.

s. Details of
ction and/or

nd does not

terms and
ence to the
he following

ards body. A

©ISO

2022 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/iso/foreword.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=43816363acedcdfabf34cb378b964dd8



https://standardsiso.com/api/?name=43816363acedcdfabf34cb378b964dd8

INTERNATIONAL STANDARD

ISO 23478:2022(E)

Bamboo structures — Engineered bamboo products — Test
methods for determination of physical and mechanical
properties

1 Scope

This|document specifies test methods suitable for determining the following mechanical)p

engiheered bamboo products:

a)
b)

d)

e) 1

odulus of elasticity in bending;

hear modulus;

c) Ilending strength;

odulus of elasticity in tension parallel to the fibre;

ension strength parallel to the fibre;

f) modulus of elasticity in compression parallel to the fibre;

g)

ompression strength parallel to the fibre;

h) 1nodulus of elasticity in tension perpendicularto the fibre;

R

ension strength perpendicular to the fibre;

j)  modulus of elasticity in compression‘perpendicular to the fibre;

k)
i) 9
In ad

This
intern]

ompression strength perpendicular to the fibre and shear strength;
hear strength parallel to thefibre.
dition, the determination/of dimensions, moisture content and density are specified.

document is applicable to prismatic shapes of glued laminated bamboo and bamb
ded to resist flextire, shear, axial loads, or combinations thereof.

2 Normative references

The
cons

following documents are referred to in the text in such a way that some or all of t

fitutes requirements of this document. For dated references, only the edition cited

roperties of

bo scrimber

heir content

applies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 22157, Bamboo structures — Determination of physical and mechanical properties of bamboo culms
— Test methods

[SO 21625, Vocabulary related to bamboo and bamboo products

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 22157, ISO 21625 and the
following apply.

©ISO
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ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.or

— IEC Electropedia: available at https://www.electropedia.org/

31

bamboo scrimber

panel or structural member made of compressed bamboo fibre bundle strips or compressed bamboo
fibre bundle sheet

[SOURCE: ISO 21625:2020, 3.2.17]
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Figur€1 — Example of bamboo scrimber

bamboo strip
bamboo pie¢e with out@ﬁd inner layers intact, made by cutting bamboo culm in longitudinal diregtion

3.3 %Q

bamboo la iKY
thin and fl t%a boo piece with rectangular cross-section, processed from bamboo strip (3.2) by
removing theouteramd-inmmertayersof the bamboocutmmrwatt

3.4
engineered bamboo member
assembly of individual elements made of bamboo

3.5

glued laminated bamboo

structural member formed by bonding together bamboo strips (3.2) with their fibres running essentially
parallel

[SOURCE: ISO 21625:2020, 3.3.1.14]
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3.6

non-structural joint

non-structural connection (e.g. butt, hook joint) to support manufacturing process and is not designed
to transfer stress across the connection

3.7

traveller specimen

specimen identical to, and stored and conditioned identically to specimens to be tested used to obtain
properties whose testing method affects the specimen

Note 1 to entry: Traveller specimens are usually used for determination of moisture content and density.

[SOURCE: ISO 22157:2019, 3.12]
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Figure 2 — Example of glued laminated bamboo

4 Symbols

4.1 Symbols

A cross-sectional area, in square millimetres;

a distance between aloading position and the nearest supportin a bending test, in millimetres;

b width of cross-section in a bending test, or the smaller dimension of the cross-section, in
millimetres;

©1S0 2022 - All rights reserved 3
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EC,O

Ec,90

F

¢,90,max

F

¢,90,max,est

F

max

F

max,est

Fy

,90, max

modulus of elasticity in compression parallel to the fibre, in Newton per square millimetre;

modulus of elasticity in compression perpendicular to the fibre, in Newton per square mil-
limetre;

global modulus of elasticity in bending, in Newton per square millimetre;
apparent modulus of elasticity in bending, in Newton per square millimetre;

modulus of elasticity in tension parallel to the fibre, in Newton per square millimetre;

nodutusofetasticity-irtenstonperpendicutarto-the fibreinNewtonpersquaremitimetre;
load, in Newtons;

maximum compressive load perpendicular to the fibre, in Newtons;

estimated maximum compressive load perpendicular to the fibre, in Newtons;
maximum load, in Newtons;

estimated maximum load, in Newtons;

maximum tensile load perpendicular to the fibre, in Newtons;

yield load, in Newtons;

maximum (ultimate) load applied in test, in Netwons;

compressive strength parallel to the fibre, iwNewton per square millimetre;
compressive strength perpendicular te the fibre, in Newton per square millimetre;
bending strength, in Newton per-sqtrare millimetre;

tensile strength parallel to the fibre, in Newton per square millimetre;

tensile strength perpendicular to the fibre, in Newton per square millimetre;
shear modulus, in Newton per square millimetre;

depth of cross=section in a bending test, or the larger dimension of the cross-sectign, in
millimetres;

oauge léngth, in millimetres;

test'specimen height in perpendicular to fibre tests, in millimetres;

second moment of area, in millimetres to the fourth power;

span in bending, or length of test specimen between the testing machine grips in compression
and tension, in millimetres;

gauge length for the determination of modulus of elasticity or shear modulus, in millimetres;
mass of the test piece before drying, in grams;
initial mass before drying, in grams;

final oven-dry mass, in grams;

© IS0 2022 - All rights reserved
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The dlimensions of the test specimen shall be measured to a precision of 1:% of the least crg
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6.1.1
6.1.1
6.1.1

6.1.2

Spec
test.
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and placed inthe drying oven.
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section modulus, in millimetres to the third power;

volume of the test piece, in millimetres to the third power;

volume of the test piece in the absolutely dry condition, in millimetres to the th
moisture content;

displacement, in millimetres;

change in slope;

ird power;

density under conditions of test, in grams per millimetre to the third power;

dry density, in grams per millimetre to the third power.
Determination of dimensions of test specimens

nsions of the member. All measurements shall be made when the test specimens are co
fied in Clause 8. If the width or thickness varies within a test §pecimen, these dimen
corded as the average of three separate measurements taketxat different positions on {
specimen.

Determination of moisture content of test;specimens
Moisture content by oven-dry method
Apparatus
.1 Balance, suitable to weigh @ specimen with a precision of at least 0,5 % of the spe
.2 Oven, capable of drying specimen to the absolute dry condition.

Preparation of test pieces

mens for determiination of moisture content shall be prepared immediately after each
The number®fspecimens shall be equal to the number of test pieces for the physical oy
If traveller\specimens are used, these shall be prepared immediately after each mec

moisture content of the test specimen shall be determined on a section taken fr

spec

ss-sectional
nditioned as
tions should
he length of

cimen mass.

mechanical
mechanical
hanical test,

om the test

meh. For engineered bamboo products the section shall be of full cross-section. For pe

rpendicular

to fibre test specimens the moisture content shall be determined from the whole specimen.

In strength tests for bending, shear, tension parallel and perpendicular to fibre and compression
parallel and perpendicular to fibre, the moisture content of the test specimen shall be determined near
the place of failure.

6.1.3 Procedure

The test pieces shall be weighed with a precision of at least 0,5 % of the dry specimen mass prior to
being placed in an oven at a temperature of (103 + 2) °C. The initial mass is m;.

After 24 h, the mass shall be recorded at regular intervals of not less than 2 h. The drying shall be
considered to be complete when the difference between successive determinations of mass does not
exceed 0,5 % of the measured mass. The final oven-dry mass is m,,.

©ISO
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The following modifications for bamboo scrimber shall be made. After 48 h, the mass shall be recorded
at regular intervals of not less than 6 h. The drying shall be considered to be complete when the
difference between successive determinations of mass do not exceed 0,1 % of the measured mass. The
final oven-dry mass is m,.

6.1.4 Calculation and expression of results

The moisture content, w, of each test piece shall be calculated with Formula (1) as the loss in mass,
expressed as a percentage of the oven-dry mass:

w:[mi_mo}mo M)

m

where

m

is tIe initial mass of the test piece before drying;
m,, is tlhe oven-mass of the test piece.

Both m; and|m are measured with a precision of at least 0,5 % of the dry specifhen mass for laminated
bamboo and of at least 0,1 % of the dry specimen mass for bamboo scrimbér

The calculatled value of w shall be taken as representative of the testspecimen as a whole.

6.2 Moisture content by electrical moisture meter method

6.2.1 General

Alternativellr, it can be sufficiently accurate to measure:moisture content by means of a moisture r;teter,
provided that the meter is calibrated against meisture content measurements using the oven-dry
method des¢ribed in 6.1. Commercial conductivjty-moisture meters are generally only reliable for yood
moisture coptent between about 5 % and 30-%:

6.2.2 Apparatus

6.2.2.1 Mpoisture meter, of any-design calibrated for laminated bamboo and bamboo scrimber (jising
the oven-dry method described’iti6.1), and capable of making an individual measurement with an ¢rror
of not more fthan 2 % at moistyre contents from 7 % to 30 %.

6.2.3 Progedure

Measure th¢ moistfure content of the test piece or traveller specimen at a location within the specimen.
Measurements’should be taken either at freshly cut cross-sections, or by driving deep, sharp probes
into the spegimen.

The area at which measurements are made shall not contain any contaminants or visible defects. Drive
the electrodes into the cross-section so that the line between the tips of the needles intersects the
specimen.

Make at least three measurements in each measuring area, 10 mm to 15 mm apart, to avoid any error
due to the electrodes piercing an invisible defect.

6.2.4 Calculation and expression of results

Calculate the mean of the three individual measurements closest in their values, and express the
average moisture content, w, as a percentage by mass, to the nearest 1 %.

6 © IS0 2022 - All rights reserved
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Test report

The moisture content shall be reported in the test report in accordance with 17.4.

7 Determination of density of test specimens

7.1

General

This clause specifies the method for determining the density, as mass by volume.

7.2

7.2.1
prec

7.2.2
7.2.3

7.3

For q

to testing based on the whole test specimen.

For parallel to fibre and bending test specimens, the density shall be determined imme

each
Cross

basefl on a minimum sample volume with atleast three laminae in section and 50 mm in le

For

to test from the measurements of mass'and volume of the whole test specimen.

The number of specimens shall-be‘equal to the number of test pieces for the physical or mec
If tragveller specimens are used;-these shall be prepared immediately after each mechanical

7.4

Meas
bxh

For the density at the time of test, p,., determine the mass of the test piece, m,, to a precis
of the specimen mass.

Apparatus

Measuring instrument, capable of determining the dimensions of the-test pi
sion of 0,1 mm.

Balance, suitable to weigh a specimen with a precision of at least,0,5% of the spec
Equipment, for the determination of the moisture content in‘accordance with 6.1.

Preparation of test pieces

erpendicular to fibre test specimens, the density of the'test specimens shall be deter

mechanical test. The density shall be determiined on a portion of the cross-section (
-section taken from the test specimen near the place of failure. The section shall b

erpendicular to fibre test specimens, the density of the test specimens shall be deten

Procedure

ure the dimensions of the test pieces with a precision of at least 0,1 mm and calculate
x I

eces with a

men mass.

mined prior

liately after
r the entire
e measured
hgth.

mined prior

hanical test.
test.

the volume,

ion of 0,5 %

For the dry density, p,, dry the test pieces to a constant oven-dry mass (see b.1.3). Carry out the
weighing operations immediately after drying. Determine the mass of the oven-dry test pieces, m, to a
precision of 0,5 % of the specimen mass.

7.5

Calculations and expression of results

The density at the time of test, p,.;, shall be calculated from Formula (2):

me

Prest = 7
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me
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is the mass of the test piece before drying;

is the volume of the test piece.

The dry density, p,, of each test piece in the absolutely dry condition shall be calculated from

Formula (3)

Po = A

where

mgy ist
Vo ist
7.6 Testl]

The density

8 Condit

All tests shg
and 65+59

A test piece
when the re
by more thaj

Where the t
shall be rep

For small sp

environmerft more than 1 h before testing.

NOTE1 Tq
vapour tight

9 Determination of local (shear-free) modulus of elasticity in bending

9.1 Test:s

My

(3)

he oven-dry mass of the test piece;

he volume of the test piece in the absolutely dry condition.

report

shall be reported in the test report in accordance with 17.4.

lioning of test specimens

11 be carried out on pieces, which are conditioned at the standard environment of 23 4
b relative humidity.

is conditioned when it attains constant mass. Constant mass is considered to be att4

in 0,1 % of the mass of the test piece.

bst piece to be tested is not readily,conditioned to the above standard environment tha
brted.

ecimens, unless otherwis€ protected, test pieces shall not be removed from the conditig

st pieces can be stored in the test area for up to 24 h provided they are close piled and wrapy
Eheeting.

pecimen

3°C

lined

Kults of two successive weight measuremerits, carried out at an interval of 6 h, do not dliffer

I fact

ning

ed in

The test piece shall have a minimum Iength of 19 times the depth of the section. Where this is not
possible, the span of the beam shall be reported.

9.2 Procedure

The test specimen shall be a simply supported span of 18 * 3 times the specimen depth as shown
in Figure 3. Load shall be applied at two points spaced 6 times the specimen depth apart arranged

symmetrica

NOTE 1

lly about the centre line of the specimen span.

Small steel plates having a width equal to the beam width and a length not greater than one-half of the

depth of the test specimen can be inserted between the specimen and the loading heads or supports to minimize
local indentation.

© IS0 2022 - All rights res

erved
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Lateral restraint shall be provided at the supports and points of load application. This restraint shall
permit the specimen to deflect without frictional resistance.

Load shall be applied at a constant rate and the test should be completed within approximately 300 s
but not less than 180 s.

Ideally, the load application rate is determined from the results of preliminary tests. The estimated
maximum load, F,, s 0f the material under test shall be obtained either from tests on at least ten
pieces of the appropriate material and size or from appropriate existing test data. The objective is that
the average time to reach F,, is 300 s.

For the purpose of calculations the value of F'ukm shall be determined asthe prnpnrtinn;ﬂ limit observed
in the test.

F/2 F/2

>0,9h a=6hz+1,5h 6h a=6hz+1,5h >0,5h
ly=5h
<l
v v
] =
0,5h
—o— ,

1=’18h £3h

Figure 3 — Test arrangement-for measuring local modulus of elasticity in bending

The loading equipment used shall:be capable of measuring the applied load with a precision of 1 %.

The displacement, 4, shall-be-taken as the average of measurements on both side faces af the neutral
axis,[and shall be measured at the centre of a central gauge length of five times the depth of the section
(see Figure 3).

The measuring equipment used shall be capable of measuring deformation with a precisior of 1 %.

NOTE2  ASTM D198 provides a description of an acceptable deflection measuring device and the|yoke.

9.3 | Expression of results

For glued laminated bamboo, specify the orientation of the strips along the specimen length e.g.
horizontal or vertical relative to the direction of load application. See Figure 2.

For a rectangular section, the local modulus of elasticity in bending, E., |, is given by Formula (4):

2
E - 3aly ( Fao —Fio @
™ abh® | Ao — 4o
where
a distance between a loading position and the nearest support, as shown in Figure 3;

©1S0 2022 - All rights reserved 9
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b width of cross-section;

h depth of cross-section;

L gauge length, as shown in Figure 3;

Fyo-Fio Fy0, Fy are applied loads at 40 % and 10 % of F,,, respectively (for F,, see 9.2);
A0 =419 displacement corresponding to F,, and F;, respectively.

The local modulus of elasticity, E,, | shall be calculated to a precision of 1 %.

10 Determination of global modulus of elasticity in bending

10.1 Test 4

The test pidg
possible, the

10.2 Procd

The test spq
in Figure 4.

symmetricallly about the centre line of the specimen span.

NOTE S
depth of the {
local indenta

Lateral rest
permit the g

Load shall i
but not less

Ideally, the
maximum |
pieces of thg
the average

For the pury
in the test.

pecimen

ce shall have a minimum length of 19 times the depth of the sectioh] Where this i
span of the beam shall be reported.

rdure

pcimen shall be a simply supported span of (18 + 3) times/the specimen depth as

5 not

shown
Load shall be applied at two points spaced 6 times-the specimen depth apart arr::Lged

hall steel plates having a width equal to the beam widtlrand a length not greater than one-half
est specimen can be inserted between the specimen and the loading heads or supports to min
Fion.

raint shall be provided at the supports@nd points of load application. This restraint
pecimen to deflect without frictionaliresistance.

e applied at a constant rate and.the test should be completed within approximately :
than 180 s.

load application rate is-determined from the results of preliminary tests. The estinj
ad, F .y st Of the material under test shall be obtained either from tests on at leag
appropriate materialand size or from appropriate existing test data. The objective ig

time to reach F, 015 300 s.

ose of calculations, the value of F ,, shall be determined as the proportional limit obsg

Of the
imize

shall

500 s

1ated
t ten
that

rved

10
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>0.5h a=6h+1,5h Ff2 6h F/2 a=6h+1,5h >0,5h
=
A ! l
~§0,5h
i 4 2 2
[
I=18h +3h
Figure 4 — Test arrangement for measuring global modulus of elasticity in bending
The |oading equipment used shall be capable of measuring the lodd to a precision of 1 % of the load
applied to the test piece or, for loads less than 10 % of the appli€d maximum load, with a|precision of
0,1 % of the maximum applied load.
The displacement, 4, shall be measured at the neutral akisrand it shall be the mean of mgasurements
madé¢ on both sides of the test piece.
Displacement shall be determined with a precision‘of 1 %, or for displacement less than 2 mm, with a
precision of 0,02 mm.
10.3 Expression of results
For glued laminated bamboo, specify) the orientation of the strips along the specimen|length, e.g.
horizontal, or vertical, relative tothe direction of load application. See Figure 2.
Based on requirement that beams remain below their limit of proportionality, elastic analysis may be
used
For g rectangular section; the global modulus of elasticity in bending, E\, ,, is given by Formula (5):
Fyo —F
Erg=— (817 —4a? )| 210 (5)
4hh A0 =410
wherre
distance between=a IUddiug position anhrdthenearest suppotrt,as shownir Figure 4;
b width of cross-section;
h depth of cross-section;
1 span in bending, as shown in Figure 4;
Fy0-Fip Fy0, Fyo are applied loads at 40 % and 10 % of F,,, respectively (for F ,, see 10.2);
A0 - 449 displacement corresponding to F,, and F;, respectively.
The local modulus of elasticity, E, , shall be calculated to a precision of 1 %.
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11 Determination of shear modulus — Variable span method

11.1 General

This method involves the determination of the apparent modulus of elasticity, E

m,appr fOT €ach

specimen over a number of spans with the same cross-section at the centre.

11.2 Test piece

test

The test specimen shall have a minimum length of 19 tlmes the depth of the section as shown in Figure 5,

a-ciananliy caiaa oot ot cinan (10 4 27 danth

with a maxi

11.3 Procd

The test sp4
different sp

be chosen s(
0,20. The te

NOTE S
depth of the {
local indenta

Lateral rest
permit the g

Load shall i
but not less

Ideally, the
maximum 1
pieces of thg

rdure

hins with the same cross-section at the centre of each, as shown in Figure5/ The spans

5t spans shall be reported.
hall steel plates having a width equal to the beam width and a length not greater than one-half
Fion.

raint shall be provided at the supports and points;of load application. This restraint

ad ta af itha afilbha Py =
ITUIII Jlllll.llj Jul.ll.l\.ll \.\.u CtCou Ql_lull \v 2y \J.U —_— \.I) Lllllbd A2 e 4= M\'IJ IT'UI vIIce J\.f\'l.l\.lll

cimen shall be a simple supported span loaded in centre point bending o¥er-at least

as to have approximately equal increments of (?) between them, within the range 0,

est specimen can be inserted between the specimen and the loading heads or supports to min

pecimen to deflect without frictional resistance:

e applied at a constant rate and the test should be completed within approximately
than 180 s.

load application rate is determined\from the results of preliminary tests. The estinj
pad, F .y est Of the material underitest shall be obtained either from tests on at leag
appropriate material and size orfrom appropriate existing test data. The objective is

four
shall

05 to

bf the
imize

shall

300 s

1ated
t ten
that

the average time to reach F,,, is 300 s.
For the purpose of calculations, the galde of F,,, shall be determined as the proportional limit obsqrved
in the test.
20,5h 20),5h
F
1/2 1/2
~
A%
ES : EN
I
l
F/2 F/2

Figure 5 — Test arrangement for measuring shear modulus

The loading equipment used shall be capable of measuring the load with a precision of 1 % of the load
applied to the test specimen.

12
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Displacement shall be measured at the centre of the span.

The displacement measuring devices and recording system shall be such as to permit measuring
deflections with 1 % precision.

11.4 Expression of results

For glued laminated bamboo, specify the orientation of the strips along the specimen length e.g.,
horizontal, or vertical relative to the direction of load application. See Figure 2.

11.4.1 Determination of K,

The gpparent modulus of elasticity, E for each test specimen is given by Formula(6}):

m,app’
3
i I (Fyo—Fyp)
Emapp =—— (6)
4bh” (A9 —449)
where

1 width of cross-section;

1 depth of cross-section;

| span in bending, as shown in Figure 5;

Kio-Fro  Fuo Fpoare applied loads at 40 % and 10% of F,,, respectively (for F,, see 11.3);

4,04,y displacement corresponding to Fjyand F;, respectively.

The local modulus of elasticity, E, shall be calculated to a precision of 1 %.

m,app’

For ¢ach specimen, the values of 1/F

2
mpapp Shall be plotted against (?} as shown in Figufe 6 and the

slopg K; of the best straight line through the points shall be determined.

11.4{2 Shear modulus
For g rectangular or square section, the shear modulus G is given by Formula (7):

1,2

N (7)

G

where K; isthe slope of the straight line (see Figure 6).
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m,app 1)

2
h
2% 1074 5(7)

° 1
/ 6
Em,app
h 2

1x107* — 6(7)

0 | | | |
G 0,01 0,02 0,03 0,04

Figure 6 — Determination of shear modulus — Variable span method

12 Determination of bending strength

12.1 Test $pecimen

The test specimen shall have a minimtim length to permit testing with a span of approximately 19 times
the depth of the section as shown/in Figure 4, with a minimum test span of 18 times the depth qf the
section. Where this is not possible, the test span shall be reported.

12.2 Procedure

The test sp¢cimensshall be a simply supported span of (18 * 3) times the specimen depth as S;I;?wn
in Figure 4. Lodd¢shall be applied at two points spaced 6 times the specimen depth apart arranged
symmetrica|lly about the centre line of the specimen span.

NOTE Small steel plates having a width equal to the beam width and a length not greater than one-half of the
depth of the test specimen can be inserted between the specimen and the loading heads or supports to minimize
local indentation.

Lateral restraint shall be provided at the supports and points of load application. This restraint shall
permit the specimen to deflect without frictional resistance.

Load shall be applied at a constant rate and the test should be completed within approximately 300 s
but not less than 180 s.

Ideally, the load application rate is determined from the results of preliminary tests. The estimated
maximum load, F,, ., Of the material under test shall be obtained either from tests on at least ten
pieces of the appropriate material and size or from appropriate existing test data. The objective is that

the average time to reach F,,, is 300 s.
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For the purpose of calculations, the value of F, ., shall be determined as the proportional limit observed
in the test.

The loading equipment used shall be capable of measuring the load with a precision of 1 % of the load
applied to the test specimen.

12.3 Expression of results

For glued laminated bamboo, specify the orientation of the strips along the specimen length, e.g.
horizontal, or vertical, relative to the direction of load application. See Figure 2.

The pemdingstrengtiy, £, TS giverr by Formuia (8]

o
Am

_3aF

%3 (8)

where

¢ distance between a loading position and the nearest support, as'shown in Figure 4;
1 width of cross-section;
1 depth of cross-section;

F load, which can be Fy, F,

max» OF Fyjp @s required.

The mode of fracture and the growth characteristicsatthe fracture section of each test pjece shall be
repofted.

NOTE1  ISO/TR 21141 provides definitions of F.and F;.

13 Determination of the strength'and modulus of elasticity in tension palrallel to
the fibre

General

easurement of stréngth and modulus of elasticity in tension parallel to fibre of an| engineered
bamboo member presents considerable difficulty but values suitable for use in design can|be obtained
¢ the method of-this section. The axial strength modulus of elasticity may also be estitpated as the
e-weighted-average of the modulus of elasticity of the individual laminations for glugd laminated

The test piece shall have a rectangular section of b x h and be of sufficient length to provide a test
length clear of the testing machine grips of at least nine times the greater dimension of b or h as shown
in Figure 7.

For laminated bamboo, the test specimen shall be a single ply board having at least one bamboo strip
through the dimension h. For bamboo scrimber, the test specimen shall be at least 12 mm wide through
the dimension h.

The length of the specimen between the testing machine grips shall be at least 900 mm or at least
8 times the larger cross-sectional dimension and the minimum size of the specimen shall not be less
than the minimum structural size manufactured.
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If the length of the specimen between the testing machine grips is different than the reference length of
900 mm, the test results may need to be adjusted to a common size or value based on national codes. A
failure in the grips of the test machine invalidates the results and a new test shall be required.

NOTE1 The provisions of ASTM D5456 provide an example of a methodology that can be used to adjust for

length effects.

G —_—
F [ = F
j l,=5b R
< ! >
9b

v

Vy.q'

—

Figure 7 — Test setup tensile strength’parallel to fibre

13.3 Procedure

The tension|strength tests parallel to the fibre shallbe carried out using gripping devices which pg¢rmit

as far as possible the application of a tensile load without inducing bending. The gripping device$ and
loading condlitions used shall be reported.

Tension spefimens should be gripped atross their greater dimensions (through the smaller).

NOTE1  When necessary, aluminium-or steel tabs can be used to avoid crushing in the grip area.

The loading equipment used shall be capable of measuring the load to a precision of 1 % of the|load
applied to the test piece op-for loads less than 10 % of the applied maximum load, with a precisipn of
0,1 % of the|maximum applied load.

Load shall be appliéd)at a constant rate. The rate of strain in the piece shall be not greater [than
0,00 005/s.

Displacementshall be measured over a length of five times the width (5b) of the piece, located not dloser

to the ends of the grips than twice this width.

Two extensometers shall be used on opposite sides of the specimens and shall be positioned to minimize
the effects of distortion. Displacement shall be determined with a precision of 1 % or for deformations
less than 2 mm, with a precision of 0,02 mm.

Ideally, the load application rate is determined from the results of preliminary tests. The estimated
maximum load, F, .5 Of the material under test shall be obtained either from tests on at least ten
pieces of the appropriate material and size or from appropriate existing test data. The objective is that

the average time to reach F,, is 300 s.
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13.4 Expression of modulus results

For glued laminated bamboo, specify the orientation of the strips along the specimen length, e.g.
horizontal, or vertical, relative to the direction of load application. See Figure 2.

The modulus of elasticity in tension, E, , is given by Formula (9):

_ 1 (Fyp—Fyp)

Y07 bh(a49 ) ©)
where
1 width of cross-section;
1 depth of cross-section;
I gauge length, as shown in Figure 7;

Ii0 - Fio Fy0, Fy are applied loads at 40 % and 10 % of F,,,, respectively (for F,,,[see 13.3);
Q40449 displacement corresponding to F,, and F;, respectively.

The modulus of elasticity, E; o, shall be calculated to a precisionofl %.

13.5 Expression of strength results

For glued laminated bamboo, specify the orientation“of the strips along the specimen|length, e.g.
horizontal, or vertical, relative to the direction of lpadapplication. See Figure 2.

The fensile strength f, ; is given by Formula (10]:

fro==p (10)
where

1 width of cross-séction;

1 depth of crdss-section;

Fhax  Mmaximum load.

The mode of fracture and growth characteristics at the fracture section of each test specimen shall be
recorded. Failiire associated with the presence of a node shall be reported. If failure is ass¢ciated with
the presence of a non-structural joint, this shall be reported.

fMlureisassociatedwith the aring that rocult chall ho ronarted and eveluded fram th i
Whenfailureisassociatedwith the grips; thatresult shall he reported and excluded from the evaluation
of the results.

14 Determination of the strength and modulus of elasticity in compression
parallel to the fibre of the engineered bamboo product

14.1 General

The measurement of strength and modulus of elasticity in compression parallel to fibre of engineered
bamboo products presents considerable difficulty but values suitable for use in design can be obtained
using the method of this section. The axial strength modulus of elasticity may also be estimated as the
average weighted average of the modulus of elasticity of the individual laminations for glued laminated
bamboo.
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14.2 Test specimen

The test specimen shall have a length of six times the smaller cross-sectional dimension. The end
surfaces shall be accurately prepared to ensure that they are plane and parallel to one another and

perpendicul

ar to the axis of the piece.

14.3 Procedure

The test specimen shall be loaded concentrically using spherically seated loading-heads or other devices
that permit the application of a compressive load without inducing bending. The loading conditions
used shall be reported.

Load shall b
but not less

Ideally, the

maximum I
pieces of thg
the average

The loading

e applied at a constant rate and the test should be completed within approximately/:
than 180 s.

load application rate is determined from the results of preliminary tests/\The estinj
ad, Fjax esv Of the material under test shall be obtained either from tests on at leas
appropriate material and size or from appropriate existing test data. The objective is

time to reach F,, is 300 s.

equipment used shall be capable of measuring the load with a precision of 1 %.

Displaceme

dimension df the piece. Two extensometers shall be used on oppositésides of the specimen and sh
positioned tp minimize the effects of distortion.

14.4 Expression of modulus results

t shall be measured over a central gauge length of four times the smaller cross-sect]

800 s

1ated
t ten
that

jonal
h]l be

For glued laminated bamboo, specify the orientation(of the strips along the specimen length, e.g.
horizontal, ¢r vertical, relative to the direction of loadapplication. See Figure 2.
The modulu of elasticity in compression, E , is'given by Formula (11):
Ec,O = _IM (11)
bh(Agg —4y0)
where
b width of cross-section;
h depth.ofcross-section;
Iy gauge length, equal to four times the smaller cross-sectional dimension;
Fpo-F; Fy0, Fro are applied loads at 40 % and 10 % of F,,, respectively (for F,, see 14.8);
Ay0 - 419 displacement corresponding to F,, and Fq,, respectvely.

The local modulus of elasticity, E (, shall be calculated to a precision of 1 %.

14.5 Expression of results

For glued laminated bamboo, specify the orientation of the strips along the specimen length, e.g.
horizontal, or vertical, relative to the direction of load application. See Figure 2.

The compressive strength, f, , is given by Formula (12):

F
fc,O =

18

max

bh

(12)
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where
b width of cross-section;
h depth of cross-section;
F.x maximum load.

The mode of fracture and growth characteristics at the fracture section of each test piece shall be
reported.

15 Determination of the strength and modulus of elasticity in compression and
tengion perpendicular to the fibre of the engineered bamboo product

15.1 Requirements for test specimens

The fest specimens (see Figure 8) shall have a cross-sectional area of 25,000' mm?2 with the minimum
dimgnsion, b, or [, not less than 100 mm. The height, h,, of the test specimenfor tension perpendicular to
fibreftests shall be 400 mm. The height, h,, of the test specimen for compression perpendidular to fibre
tests{shall be 200 mm. Specimens shall have their ends planed smooth'and parallel to allow| for uniform
application of the load to the test pieces.

For the compression perpendicular to fibre tests, the test specimen shall be loaded uniformly across bl.

For fension perpendicular to fibre tests, the test specimen shall be glued to end blockg suitable to
trangmit tension to the full cross-section of the specimen uniformly. The gluing process shall be capable
of enfsuring the specified position of the test specimen during testing.

NOTH A suitable adhesive for fixing the steel pldates to the engineered bamboo test specimen fis a two-part
epoxy. Immediately prior to gluing, the surfaces.to be joined is prepared by planing the bamboo tlest specimen
surfaces and cleaning the steel plates.

The Joaded surfaces shall be accurately prepared to ensure that they are parallel to eagh other and
perpendicular to the test specimen axis. This preparation shall be carried out after conditipning.

15.2 Procedure

The test specimen shall"be mounted vertically between the test machine plates and the |appropriate
compression or tension loads applied. The test specimen shall be loaded concentricallyl such as by
applying the loadthrough a pin located at the geometric centre of the specimen cross-sectipn.

NOTH This ¢an also be achieved using spherically seated loading-heads.

e case’of either a tension or a compression perpendicular to fibre test the longitudingl axis of the
test piece'shall be aligned with the axis of the machine and fixed in such a way that no initigl stresses in

Pecea otucet, € cP osecaue—Tto SEUAS) §= O prece—aird eectpment.

For the compression perpendicular tests, the gauge length, h, is the distance between the test machine
plates, h,.

In the case of tension perpendicular to fibre tests, the test piece shall have pinned ends, with the axis of
the pin parallel to the fibre direction of the test piece.

For the tension perpendicular to fibre tests, the test piece shall be mounted vertically between the
test machine plates and the appropriate compression or tension loads applied. The gauge length, h
(approximately 0,6 h), shall be located centrally in the test piece height and not closer than one-third of
the length (I/3) and one-third of the width (b/3) to the loaded ends of the test piece (see Figure 9).
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The load F shall be applied at a constant rate of cross head movement throughout the test so adjusted
that the maximum load F, or Fy is reached within approximately 300 s but not less than
180 s.

,90,max 90,max

Ideally, the load application rate is determined from the results of preliminary tests. The estimated
maximum load, F, s, Of the material under test shall be obtained either from tests on a least ten
pieces of the appropriate material and size or from appropriate existing test data. The objective is that

the average time to reach F,, is 300 s.

NOTE2  The relationship between F_ g a5 est and F, is discussed in 15.3.1.

,90,max

The loading equipment used shall he capable of measuring the load with a precision of 1 % af the load
applied to the test specimen.

Key
\_\ indicatles parallel to fibre orientation

Figpure 8 — Engineered baniboo test specimen for perpendicular to fibre tests
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a)| Compression perpendicular to the fibre b) Tension perpendicular to thp fibre

Figure 9 — Test principle

Two |extensometers shall beused and shall be positioned to minimize the effects of disfortion. The
extepsometers shall permit.the measurement of the displacement with a precision of|0,1 %. The
displacement in the load-direction refers to the centre of the loaded section and is calcujated on the
basig of measurements,on opposite sides of the test piece.

The dlata from eaehextensometer shall be recorded separately.

15.3 Expression of results

For glued laminated bamboo, specify the orientation of the strips along the specimer] length e.g.
horizontal, or vertical relative to the direction of foad application. See Figure 2.

15.3.1 Compression strength perpendicular to the fibre
The compressive strength, f, 4o, shall be determined from Formula (13):
F,

¢,90,max
=2 13
foso==27 (13)
where
b smaller dimension of the cross-section;
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1 larger dimension of the cross-section;

F

-90.max Maximum compressive load perpendicular to the fibre.

The determination of F, shall be carried out as follows:

,90,max
a) Using the test results, plot the load-displacement curve in the form shown in Figure 10.
b) calculate the slope of the initial linear portion of the curve (line 1).

c) draw a parallel line (line 2) having the same slope at an offset of 4 = 0,01h,,.

d) the intefsection of line 2 and the load-deflection curve defines F g 1,y
It is acceptaple to carry out this process graphically.

NOTE1 IS 12122-3 provides more information, concerning the compressive strength perpéndicular to(fibre,
£¢,90, for glugd laminated timber.

15.3.2 Compression modulus perpendicular to the fibre

The modulu of elasticity, E, ¢, shall be calculated from Formula (14):

Ec,90 — _F40_—F10)ho (14)

Ayg — 40 )bl
where

b smaller dimension of the cross-section;as shown in Figure 8;

hy gauge length, as shown in Figure 9;

I larger dimension of the crosszsection, as shown in Figure 8;

Fyo-Fy Fu0, Fyp are applied loads at'40 % and 10 % of F g¢ 1., respectively (for Fq¢ ,dx See

15.3.1);
A0 —4A4h displacement cortesponding to F,q and F;, respectively.

The local mgdulus of elasticity£; o shall be calculated to a precision of 1 %.
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